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Foreword

In a world characterised by rapid change, uncertainty and increasing
interconnectedness there is a growing need for science to contribute to the solution
of persistent, complex problems. These problems include not only some of the now
broadly known environmental issues such as climate change and biodiversity loss,
but also related issues such as poverty, security and governance. For all of these
problems, progress in finding and implementing solutions has been very slow. The
increase in availability of scientific knowledge has not been reflected in decisive
action.

It is this mismatch between knowledge and action that lies behind the need
for a Handbook of Transdisciplinary Research. As the editors point out in their
introduction, a transdisciplinary orientation in research, education and institutions
aims to overcome the disconnection between knowledge production, on the one
hand, and the demand for knowledge to contribute to the solution of societal prob-
lems, on the other hand. This is achieved through transdisciplinary approaches
in which researchers from a wide range of disciplines work together with stake-
holders. Internationally the term ‘transdisciplinary research’ is defined in differ-
ent ways, ranging from a diffuse conceptual term located above individual disci-
plines, to any research that involves stakeholders. The Handbook contributes to a
clarification of both the concept and the term, and shows that the uniqueness of
the approach lies in the partnership between members of different disciplines and
stakeholders.

Given the progress in transdisciplinary approaches during the past two decades,
the Handbook provides an opportunity to learn from projects that have already been
carried out. The examples described show how knowledge requirements for problem
solving have been met. The conceptual and methodological advances in transdisci-
plinary approaches, in a variety of problem areas, illustrate the broad applicabil-
ity of the approach. The structured presentation of the examples will encourage a
broad community of researchers, educators and users to explore ways in which the
approach can be used and further developed. In particular, the Handbook clearly
demonstrates to the research community the special requirements and opportunities
of this line of research. The authors come from several continents and their projects
deal with a wide range of issues. This is a clear indication that the interest in trans-
disciplinary approaches is widespread.
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viii Foreword

While the need for transdisciplinary research in a world facing complex problems
of a persistent nature is very evident, we should not underestimate the barriers that
will have to be overcome in order to turn this emerging form of research into a
mainstream endeavour. There are barriers within the scientific community where
many scientists prefer to continue their basic research and not confront issues and
questions raised by non-scientists. While such basic research will remain important,
tackling complex issues of concern to the public and the policy-makers will need
input from scientists and non-scientists, resulting in a different type of research.
There are also barriers within the area of research funding, where traditional funding
agencies often struggle with the notion of participatory research and whether it is
‘scientific’ or not.

The examples in this book show that participatory, interdisciplinary research can
contribute to the solution of complex persistent problems. Such research succeeds
by building joint visions of the issue of concern, by finding a common language,
by jointly discussing the trade-offs that result from particular choices, and above
all through collaborative learning. The projects succeed through effective project
management, which can deal with, and profit from, the different backgrounds of the
participants. With the Handbook as a guide, the emerging community of peers in
transdisciplinary research can be strengthened and expanded, so that the bridges be-
tween knowledge and action become stronger and progress can be made in tackling
major issues faced by society.

Jill Jäger
Sustainable Europe Research Institute

Vienna, Austria
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Part I
Introduction



Chapter 1
Idea of the Handbook

Holger Hoffmann-Riem, Susette Biber-Klemm, Walter
Grossenbacher-Mansuy, Gertrude Hirsch Hadorn, Dominique Joye,
Christian Pohl, Urs Wiesmann and Elisabeth Zemp

Abstract Transdisciplinary orientations in research, education and institutions try
to overcome the mismatch between knowledge production in academia, and knowl-
edge requests for solving societal problems. Addressing societal knowledge de-
mands by designing research processes in a transdisciplinary way has several major
implications. It becomes necessary to transgress boundaries between different aca-
demic cultures, such as between the humanities and the natural sciences. Further-
more, researchers have to step into problem fields and engage in mutual learning
with people in the life-world. In doing so, disciplinary standards of knowledge pro-
duction are sacrificed. Therefore, it is necessary to develop a state of the art for
transdisciplinary forms of research. This is best done by learning from experiences.
The Handbook is intended to enable learning from exemplary experiences in re-
search and to provide a more systematic account of some cross-cutting issues. This
chapter describes the idea behind the Handbook and the contents of the Handbook.

Keywords: Networks · Research programmes · Case studies · Cross-cutting
Issues · Paradigm

1.1 Transdisciplinary Research

Both in the North and in the South societies are developing towards knowledge
societies. Research is becoming an integral component of innovation and problem
solving strategies in the life-world, affecting not only the private sector, public agen-
cies, and civil society, but also personal life. Scientific knowledge production in
these societal contexts involves a wide range of different disciplines, ranging from
natural sciences and engineering to social sciences, economics and humanities.

The large-scale application of scientific knowledge in the life-world has had
both beneficial and harmful consequences. One of the reasons for this is the

H. Hoffmann-Riem
td-net, Swiss Academies of Arts and Sciences, Berne, Switzerland
e-mail: holger@hoffmann-riem.ch

G. Hirsch Hadorn et al. (eds.), Handbook of Transdisciplinary Research, 3
C© Springer 2008



4 H. Hoffmann-Riem et al.

fragmentation of scientific knowledge. As Brewer (1999) stated: ‘The world has
problems, but universities have departments.’ The pursuit of research within uni-
versity departments has given rise to the ongoing specialisation of disciplines and
thematic fields with fuzzy, somewhat arbitrary, shifting boundaries. The high degree
of compartmentalisation of scientific knowledge is due to two interacting factors.
Institutional structures and incentives in academia result in an ‘ethnocentrism of
disciplines’ (Campbell, 1969). At the same time the concepts, theories and methods
used in basic research are becoming ever more sophisticated.

Knowledge is requested by actors in the life-world to address serious problems,
such as poverty, sickness, crime and environmental degradation, from the local to the
global scale. These requests have led to calls for a ‘new social contract for science’
(Lubchenco, 1998) or a ‘new commitment of science’ (Cetto, 2000) to tackle the
problems of the 21st century. To solve or at least mitigate these problems, sufficient
research capacities are required. In addition to that, research practices, institutions,
education and the underlying conception of science need to be transformed.

The ‘ideal’ of scientific knowledge underlying basic research is concerned with
universal concepts, theories, models and methods. Therefore, basic research is built
on an idealisation of the multitude of phenomena and relationships. This is also
the case for basic research in the humanities, for instance in ethics. It is unclear to
what extent idealised theories and models are able to adequately describe, explain,
understand, reflect and handle the reality of concrete problem situations. Neverthe-
less, the use of scientific knowledge in the private sector, in public agencies and
the life-world has been seen as a one-way transfer of allegedly reliable instrumental
knowledge from experts to ‘ignorant’ users. Serious harm has been caused by ig-
noring the uncertainty of scientific knowledge, by neglecting the users’ knowledge,
and by failing to consider contextual conditions of applications. In view of these
risks, which were often unknown until damage occurred, the model of progress in
modern civilisation has been questioned by social movements, intellectuals from the
humanities and by concerned scientists.

It is in this context that ideas about transdisciplinarity emerged in the 1970s.
Transdisciplinary orientiations in research, education and institutions try to over-
come the mismatch between knowledge production in academia, on the one hand,
and knowledge requests for solving societal problems, on the other. Transdisci-
plinary research, therefore, aims at identifying, structuring, analysing and handling
issues in problem fields with the aspiration ‘(a) to grasp the relevant complexity of
a problem (b) to take into account the diversity of life-world and scientific percep-
tions of problems, (c) to link abstract and case-specific knowledge, and (d) develop
knowledge and practices that promote what is perceived to be the common good’
(Pohl and Hirsch Hadorn, 2007).

Knowledge requests from the life-world are only partly met by describing,
analysing and interpreting empirical processes that influence problems and by giv-
ing projections into the future. This so-called systems knowledge (ProClim, 1997)
has to be linked with answers to further, and equally important, questions of a dif-
ferent type: What are the subjects of concern? Where are changes needed in public
institutions, in the private sector and in individual ways of acting? What policies
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will be effective for improving, mitigating and solving these problems in the private
sector and civil society? This so-called target knowledge is about the needs, interests
and reasons of various practitioners and stakeholders who may be affected directly
or indirectly. Their needs have to be taken into account to develop better societal
practices. Furthermore, so-called transformation knowledge is needed to improve
existing practices. It addresses questions about technical, social, legal, cultural and
other possible means of acting that aim to transform existing practices and introduce
desired ones. In the case of transformation knowledge, established technologies,
regulations, practices and power relations must be taken into account.

Attention has to be paid to the mutual interrelations between these three forms of
knowledge. The investigation of systemic processes has to be related to the societal
purposes and practices on which they depend and which they influence. If the needs,
interests and reasons of practitioners and stakeholders are ignored or if systemic
processes are not taken into account in developing transformation knowledge, major
unexpected obstacles and unintended effects may result.

Addressing the threefold societal knowledge demands by designing research pro-
cesses in a transdisciplinary way has several major implications. It becomes neces-
sary to transgress boundaries between disciplines and especially between different
academic cultures, such as between the humanities and the natural sciences. Fur-
thermore, the doors of laboratories and libraries must be opened and researchers
have to step into problem fields and engage in mutual learning with people in the
life-world. In doing so, academic standards of knowledge production and quality
control criteria are sacrificed. Therefore, it is necessary to develop a state of the
art and to define quality criteria that are appropriate for transdisciplinary forms of
research. This is best done by learning from experiences.

1.2 The Background of the Handbook

In the case of transdisciplinary research, learning from experience requires special
effort because of the heterogeneity of the fields and the participants. There is a lack
of strong institutional structures for transdisciplinary research that are necessary for
establishing scientific communities in which a state of the art can be developed.
Transdisciplinary research groups enter into a variety of problem fields such as
health and environmental issues, technology development, and social conflicts. In
addition, cooperation and mutual learning between participants from various in-
stitutional contexts and heterogeneous backgrounds take place on a project related
basis. Frequently, they do not outlast the temporary context of the research project or
programme. As a consequence of professional mobility and lack of systematisation,
the lessons learned on the job are seldom passed on to others for capacity build-
ing. Furthermore, the diversity of research problems makes it necessary to consider
where and how systematisation can be recommended.

In view of this situation, transdisciplinarity-net (td-net) was initiated by the
Swiss Academies of Arts and Sciences as a forum for transdisciplinary research in
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order to facilitate capacity building and advancement in transdisciplinary research
(www.transdisciplinarity.ch). Transdisciplinary efforts in Switzerland go back to
the 1970s when a Man and Biosphere Programme was initiated in the Swiss Alps,
based on an integrated systems approach and cooperation among scientists, inhab-
itants and decision-makers (Chapter 3). In 1979 a National Research Programme
Man and Biosphere was initiated, funded by the Swiss National Science Foun-
dation. During the 1990s, the Swiss Priority Programme Environment (SPPE) –
also funded by the Swiss National Science Foundation – prepared the ground for a
deepening of transdisciplinary research in Switzerland (www.sppe.ch). About 250
research projects covered subjects such as climate, biodiversity, soil, waste, social
and economic issues and the North–South dimension. It was within the framework
of SPPE that a discussion forum on transdisciplinarity was initiated. International
workshops and cooperations among German, Austrian and Swiss researchers took
place. Towards the end of the programme, the International Transdisciplinarity Con-
ference in 2000 was initiated (Klein et al., 2001). It was at this conference that
the Swiss Academic Society for Environmental Research and Ecology (SAGUF)
started sagufnet as a network for transdisciplinary research. Sagufnet was trans-
formed into td-net by the Swiss Academies of Arts and Sciences in 2003. Td-net is
currently deepening international cooperations by contributing to the programmes,
‘Socio-Ecological Research’ (http://www.bmbf.de/en/972.php) in Germany, and
‘proVision’ (http://www.bmbwk.gv.at/forschung/fps/provision.xml) in Austria, and
by maintaining close ties to the Integration and Implementation Sciences network
(http://www.anu.edu.au/iisn/) in Australia, to mention a few.

The advisory board of td-net decided to propose ‘Principles for Designing Trans-
disciplinary Research’ (Pohl, 2007) and to edit this ‘Handbook of Transdisciplinary
Research’ as a core means for enhancing transdisciplinary research. The Principles
highlight the challenges in transdisciplinary projects, and suggest means of design-
ing and shaping the research process to meet these challenges. Thus, the Principles
provide the conceptual basis and structure for the Handbook. The Handbook is in-
tended to enable learning from exemplary experiences in research and to provide a
more systematic account of some cross-cutting issues. Due to the context in which
td-net has emerged as a Swiss institution, a considerable number of authors are
based in Switzerland. But the fact that authors come from several continents and are
dealing with a broad range of issues indicates an emerging international college of
peers in transdisciplinary research.

1.3 The Structure of the Handbook

The Handbook consists of six parts. The introductory part describes the idea behind
the Handbook and the developments leading to transdisciplinarity as a form of re-
search. The following three parts assemble the research projects, which are grouped
according to the three phases of transdisciplinary research: (1) problem identifi-
cation and structuring, (2) problem analysis, and (3) bringing results to fruition.
The next part deals with cross-cutting issues. Contributions describe overarching
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challenges in transdisciplinary research and draw upon both the general literature
and upon the projects in the handbook. The final part provides a summary and out-
look. It includes explanations of the core terms used in transdisciplinary research
and a synthesis of the Handbook’s contents in 15 propositions for enhancing trans-
disciplinary research.

While handbooks in well-established fields usually focus on methods, the core
of this Handbook consists of a collection of research projects. Although scientific
research is characterised by systematic procedures, transdisciplinary research can-
not be learned using a collection of methods. Transdisciplinary research needs con-
crete paradigms to help researchers understand problems in context and to structure
the research accordingly. This will eventually give rise to formalisation. As Don
Rosenblum points out in his analysis of interdisciplinary conceptions in basic and
applied research (Rosenblum, 1997) little has been written about research practices.
An important reason for this, he argues, is the absence of paradigms as ‘shared
examples’ that enable both problem recognition and problem solving efforts by
grounding concepts, methods, tools and standards for research as well as the build-
ing a scientific community and its institutions.

The same applies to transdisciplinary research: there is a need for projects that
have the potential to be approved by a college of peers. Shared experiences con-
tribute to the systematisation and formalisation of concepts, methods and tools as
well as standards. The Handbook is designed to overcome this obstacle: it collects
transdisciplinary projects that have the potential to become paradigmatic research
examples because they illustrate how the knowledge requirements for problem solv-
ing in the life-world are met. The chapters show how the challenges of problem iden-
tification, problem structuring, problem analysis and bringing results to fruition can
be tackled. In this way, they contribute to a grounded systematisation and formali-
sation of research practices and to their in-depth analysis. The projects demonstrate
the potential of transdisciplinary research in a broad range of problem fields such as
environment and health, urban and landscape development, and new technologies.
There is a variety of subjects, approaches, methods and tools used. Whether, and in
what sense, there will one day emerge a general methodology of transdisciplinary
research is not yet clear (Bammer, 2005).

The project based chapters are arranged on the basis of the project phase (prob-
lem identification and structuring, problem analysis, and bringing results to fruition)
that we consider to be particularly interesting in the corresponding project. This
does not imply that the other two phases were not part of the project. Each chapter
is of interest in several different respects. Authors describe how they have addressed
the genesis of a problem and possible further developments. They explain how the
need for change was determined, how desired goals were selected, or how technical,
social, legal, cultural and other possible means of acting were aimed at transforming
existing approaches. At the end of each of these chapters, authors point out results
and develop recommendations for further research relevant to other problem fields.

The chapters on cross-cutting issues deal with the overarching challenges that are
relevant for most transdisciplinary projects: participation, values and uncertainties,
learning from case studies, project management, education, and finally integration.
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The authors describe important lines of thinking that have shaped research on these
issues. They structure recent developments and directions and comment on how
some of the projects described in the Handbook deal with the issues.

As a guide to the reader the following figure (Fig. 1.1) matches the chapters
on cross-cutting issues and project chapters. The columns of the table represent
the cross-cutting issues. The issue of integration has been split into two columns
to provide more specific information. The rows of the table contain the individual
project chapters. Grey cells indicate that an issue is discussed in detail in a particular
chapter.

The summary and outlook section encompasses a list of core terms used in trans-
disciplinary research and a synthesis of the Handbook’s contents in 15 propositions
for enhancing transdisciplinary research. The description of the core terms provides
a conceptual synthesis of transdisciplinary research, while the propositions sum-
marise strategic elements.

1.4 The Contents of the Handbook

In this section, we briefly describe the chapters in the following three parts of the
Handbook: research projects, cross-cutting issues, and finally a ‘summary and out-
look’.

We consider eight projects to be of special interest with regard to the way they ad-
dress problem identification and problem structuring: two large-scale programmes
on rural development and natural resources, two projects on urban development, two
projects on ecological (biodiversity) issues, and two projects on emerging sciences
and technologies. These projects address the challenge of defining the proper object
for research and of establishing an adequate conceptional framework from different
angels.

In Chapter 3, Bruno Messerli and Paul Messerli describe UNESCO’s worldwide
Man and Biosphere programme, which was launched in the 1970s. This project can
be seen as a pioneer project within transdisciplinary research, since it was based on
transdisciplinary thinking long before the term ‘transdisciplinarity’ became popu-
lar. The Swiss Man and Biosphere programme stimulated research that integrated
natural and social sciences in order to understand and shape the socio-economic
development in mountainous regions, while taking into account the ecological car-
rying capacity. The Swiss programme was based on a recursive approach to problem
identification and problem structuring. It combined a careful analysis of the system
dynamics with target knowledge about land use, desired aesthetic and recreational
qualities and transformation knowledge about key factors that could be utilised to
develop management options. In the 1980s, a participatory process was initiated to
develop a long-term strategy. Since then, similar concepts such as the Syndrome
Mitigation Approach have been applied in developing countries and in mountain
research programmes, and since the 1990s, with a particular emphasis on global
change.



1 Idea of the Handbook 9

Fig. 1.1 Cross-cutting issues (chapters 22–27) in projects (chapters 3–21)
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The programme ‘Sustainable River Basin Management in Kenya: Balancing
Needs and Requirements’ (Chapter 4) by Boniface P. Kiteme and Urs Wiesmann,
focuses on integrated water resources management in the upper Ewaso N’giro catch-
ment of Mount Kenya in Kenya. In this region the socio-economic dynamics and
ecological processes over the past decades have resulted in a water crisis that poses
a major sustainability problem in the catchment. The authors describe the impact
of the societal and political context on the restructuring of the research programme:
starting with ‘Research for District and Project Planning’; then ‘Broader topical and
geographical scope to respond to sustainability requirements’; and further imple-
mentation and consolidation of knowledge by the combination of scientific knowl-
edge systems and local knowledge system. These steps in recursive problem iden-
tification and structuring broadened the understanding of the main challenge of
sustainable river basin management and provided useful insights into designing a
multistakeholder, multilevel strategy. The approach is validated by the project being
extended from the test area to other regions.

The projects on urban development propose frameworks for integrating perspec-
tives of design, engineering and planning with analytical perspectives from the nat-
ural and social sciences. ‘Designing the Urban: Linking Physiology and Morphol-
ogy’ (Chapter 5) by Peter Baccini and Franz Oswald focuses on a conception of
urban development in the Lowlands of Switzerland that meets the requirements of
sustainable development. Two types of perceptions were combined when formu-
lating the questions with regard to the fabric of new urban systems: the morpho-
logical approach, based on urban planning experience; and the physiological ap-
proach, based on natural science, engineering and economics. The authors describe
the process of interdisciplinary learning to arrive at a common system approach
‘Netzstadt’. The urban system is defined by a limited set of elements, by four ba-
sic activities and by five essential system qualities. Methods and design tools for
the reconstruction of urban systems aim at reducing the complexity of the mutual
relationships between activities, territories and resources. The quality goals for a
concrete urban project have to be determined by a participatory political process that
ensures support and commitment. This procedure is systematised as the Synoikos
method.

‘CITY:mobil: A Model for Integration in Sustainability Research’ (Chapter 6) by
Matthias Bergmann and Thomas Jahn was realised in an interdisciplinary coopera-
tion between engineers, planners, sociologists, and economists and was supported
by the administration of the two German model cities of Freiburg and Schwerin
(CITY:mobil). To disentangle the strong connection between ‘mobility’ and ‘auto-
mobility’ a three dimensional concept of mobility was developed. This was based
on the idea of mobility/motion as a fundamental societal relation to nature mobil-
ity; of ‘spatial mobility’ in the sense that transportation is a technical realisation
of transport; of ‘socio-spatial mobility’ in the sense of the movement of people
between locations and the social purposes pursued therein; and of ‘socio-cultural
mobility’ in the sense that the distinctive meanings of mobility and means of trans-
portation have consequences for social positioning. Within this framework the re-
search process was guided by the differentiation of interdisciplinary cooperations,
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by the integration of knowledge from research and practice into concepts of agency;
and by the intervention, using the integrated results, into the practical and scientific
discourse of urban transportation policy and planning.

The ecological projects have developed procedures for problem framing and
structuring and focus on agents and agencies. ‘Shepherds, Sheep and Forest Fires: A
Reconception of Grazingland Management’ (Chapter 7) by Bernard Hubert, Michel
Meuret and Joseph Bonnemaire deals with grazing in the Mediterranean rangelands
of southern France, which are subject to scrub encroachment. The authors describe
five steps for identifying and structuring the research objects in such a way that
biological processes are coupled with the farmer’s management strategies. Firstly,
it is necessary to identify an ecological problem. Secondly, the problem is refor-
mulated with regard to the relevant agents and their practices. Thirdly, the research
problem is focused. Fourthly, the problem-solving instrument is designed, and fi-
nally (innovative) research questions are addressed that investigate the processes
related to the proposed problem-solving instruments. The chapter gives an example
of how research on issues of practical relevance develops along the margins of disci-
plines through interdisciplinary cooperation and confrontation, causing disciplinary
frameworks to evolve by inducing a reflexive process in the research activity.

‘Fischnetz: Involving Anglers, Authorities, Scientists and the Chemical Industry
to Understand Declining Fish Yields’ (Chapter 8), described by Patricia Burkhardt-
Holm, documents the health status of brown trout and the decline in fish numbers,
the identification of causes and suggested measures for correction. The network of
participants was central to the integration of already existing data and know-how and
a prerequisite for jointly identifying knowledge gaps. The chapter describes the role
of a network in formulating hypotheses and research questions and in initiating re-
search projects. Collaboration throughout the project ensured an efficient exchange
of results, ideas and conclusions leading to the setting of new priorities and to an
agreement on further procedures and proposed measures.

Two projects focus on problem identification and structuring in the field of
emerging sciences and technologies. In Chapter 9, Arie Rip describes the applica-
tion of Constructive Technology Assessment to nanoscience and nanotechnologies.
To enable reflexive co-evolution of science, technology and society, it is crucial to
bridge the gap between actors in the life-world and nanoscientists and technologists.
Interactive reflexive learning is required to develop better technologies in a better so-
ciety. These activities encompass the mapping and analysis of the ongoing dynamics
as well as an articulation of socio-technical scenarios about further developments,
impacts and real-time experiments.

In Chapter 10, ‘Chimeras and other Human–animal Mixtures in Relation to
the Swiss Constitution: A Case for Regulatory Action’, Hans-Peter Bernhard and
Rainer J. Schweizer analyse a problem in the making: the artificial creation of
human–animal mixtures for research and therapeutical purposes. Not surprisingly,
normative elements are of crucial importance in this debate, but knowledge of
biomedical research agendas is equally essential. To achieve a mutual understand-
ing of the underlying biological facts and the arising normative issues, researchers
followed an iterative process. They clarified definitions to achieve a commonly
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accepted terminology and to reach an agreement on the pertinent problems. Such
an understanding is a prerequisite for timely legislation.

We consider six projects of special interest with regard to problem investiga-
tion. Four of these describe the use of some kind of systems analysis to produce
target knowledge, which reflects the systemic relations of problem development or
the systemic relations that play a role in transformation. These chapters demon-
strate how feedback about implementation and recurring adaptations of problem
structuring can improve the results. The remaining two projects deal with issues
of global change and regulation. ‘The Development of Multilateral Environmental
Agreements on Toxic Chemicals: Integrating the Work of Scientists and Policy Mak-
ers’ (Chapter 11) by Nuria Castells and Ramon Guardans, is based on examples of
recent Multilateral Environmental Agreements concerning environment and health.
The authors argue that the procedures established in the framework of these agree-
ments provide a solid international base for stable and effective scientific, industrial
and political cooperation. Emphasis is put on involving relevant stakeholders and
on institutional innovations from the national to the international and global scale.
When developing and using Integrated Assessment Models in the design of pol-
icy scenarios, the cost of implementing commitments should be estimated ex ante.
Transdisciplinary cooperation is a prerequisite for handling complex environmental
problems and for designing effective abatement scenarios. Ex post, in the imple-
menting phase, cooperation among all stakeholders (scientists, policy makers and
civil society) is required.

In ‘Climate Protection vs. Economic Growth as a False Trade off: Restructur-
ing Global Warming Mitigation’ (Chapter 12), Hermann Held and Ottmar Eden-
hofer describe methods for Integrated Assessment of climate change mitigation.
The project addresses the intertemporally optimal mix of investments into energy
efficiency, transformation to renewable energy sources and carbon capture and se-
questration. A social optimum is determined, consistent with economic growth the-
ory, in such a way that certain boundary conditions related to the evolution of the
climate system are observed. The project integrates paradigms from natural sci-
ence, economic growth theory and engineering, which shape the public debate by
a delicate entanglement of target knowledge and systems knowledge arguments.
Therefore, the clarification not only of the validity, but also of the category of those
arguments, is addressed. The project identifies stylised climate policies that comply
with both systems knowledge and presently competing target knowledge bases of
various interest groups and thereby catalyses a societal consensus on climate policy.

Two projects use systems analysis in problem investigation to deal with regional
issues of sustainable development. Chapter 13, ‘Policy Analysis and Design in Lo-
cal Public Management: A System Dynamics Approach’ by Markus Schwaninger,
Silvia Ulli-Beer and Ruth Kaufmann-Hayoz, portrays the strengths and limita-
tions of the computer assisted theory building approach of System Dynamics and
Group Model Building. A tested system dynamics simulation model helps to ad-
dress solid waste management issues. The model structures dynamic interaction
between public policies and environmentally relevant behaviour, as well as public
management problems, which are important for the design of effective policies. The
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study generated knowledge about system structure and transformation processes,
and a computer based learning environment and a communication tool for political
decisions. It is pointed out that transdisciplinary collaboration in action research
has proven crucial for the societal relevance of problem oriented research and for
societal learning processes.

The chapter, ‘Constructing Regional Development Strategies: A Case Study Ap-
proach for Integrated Planning and Synthesis’ (Chapter 14) by Alexander I. Walter,
Arnim Wiek and Roland W. Scholz, presents a transdisciplinary integrated planning
and synthesis (TIPS) approach. This is illustrated by a case study on sustainable
regional development in a typical central European rural landscape, struggling with
problems of structural change and migration. Numerous officials, representatives
and inhabitants of the region, scientists and graduate students have been involved
throughout the research process. TIPS puts emphasis on an integrated overall project
architecture, which starts from a division (faceting) of the case, and then uses
system analysis and variant construction for the problem investigation procedure.
For implementation, which is closely linked with investigation, the preferences of
the stakeholders are evaluated through multicriteria procedures. The results from
the different facets are integrated to formulate possible development strategies for
the region.

Other approaches for integrating the diversity of relevant perspectives and grasp-
ing the complexity of the problem focus on integrating different scientific cultures
to investigate empirical effects of policies. Two projects, one on landscape manage-
ment, the other on divorced parents and their children, address the empirical effects
of implemented legal regulations. In Chapter 15, ‘Evaluating Landscape Gover-
nance: A Tool for Legal-Ecological Assessments’, Marianne Penker and Hans Karl
Wytrzens describe an interdisciplinary approach for the systematic identification
and evaluation of the ecological effects of legal regulations. The concept draws on
the fact that legislation has no direct effect on the landscape, but has the ability to
influence human activity. The project is therefore based on (legal) socio-economic
factors, e.g. awareness of the law among those subject to it, and on (landscape)
ecological factors, e.g. the effects of behavioural change on flows of material and
energy. The applicability and feasibility has been demonstrated by three case stud-
ies. The impact mechanisms that were identified could help to improve the instru-
ments’ effectiveness. An ex ante evaluation of policies and legal regulations may
even help to involve diverse stakeholder views in the process of policy design. This
could minimise the unintended destruction of both socio-economic and ecological
development options.

In Chapter 16, ‘Children and Divorce: Investigating Current Legal Practices and
their Impact on Family Transitions’, Heidi Simoni, Pasqualina Perrig-Chiello and
Andrea Büchler investigate the implementation of the revised Swiss Divorce Law in
current judiciary practice and its effects on the course of life of affected children and
their parents after the divorce. Data were collected simulataneously at three levels:
firstly through analysis of court files and interviews with judges; secondly from
written interviews with divorced parents; and thirdly from in-depth interviews with
children and parents. The problem investigation had to ensure that all objections and
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perspectives of jurisprudence, psychology and sociology were incorporated into all
parts of the project study and into the respective instruments for data collection.
Through the discussion of the legal framework, its implementation and the every-
day life of all parties involved, adequate knowledge will be gained about the best
interests of the children, and children’s rights. There is a close relationship between
normative perceptions and persuasions on the one hand, and the acting and experi-
encing, on the other hand.

We consider five projects of special interest with regard to bringing results
to fruition. Three projects deal with the iterative design and implementation of
health services and education – two of them in Africa and one in Eastern Europe.
The project, ‘Towards Integrated and Adapted Health Services for Nomadic Pas-
toralists and their Animals: A North–South Partnership (Chapter 17) by Esther
Schelling, Kaspar Wyss, Colette Diguimbaye, Mahamat Béchir, Moustapha Ould
Taleb, Bassirou Bonfoh, Marcel Tanner and Jakob Zinsstag, was undertaken in Chad
and starts from the concept of ‘one medicine’ – promoting a joint approach to human
and veterinary medicine in order to develop adapted health and education systems
for pastoralists. The strategy is one with strong action research components and
comprises five stages: (1) the programme was launched and trust was built up by es-
tablishing institutional partnerships, interdisciplinary collaboration and stakeholder
dialogue on the basis of accounted principles for North–South collaborations, (2) the
inter- and transdisciplinary research into epidemiological pathways to disease and
the identification of control strategies that are appropriate to the nomadic way of
life, (3) the implementation began with four national workshops to formulate health
service priorities and options, to readjust ongoing interventions and to discuss policy
issues and strategies for ownership building, (4) joint vaccination campaigns for
people and livestock were implemented with the help of local, trained staff with a
strong commitment. Information campaigns were followed by an evaluation of the
feasibility and costs, and (5) ensured subsequent regional activities and continued
research.

Chapter 18, ‘Sustainable Prevention of Water Associated Infection Risks: An
Awareness Campaign Using Visual Media’ by Anne Luginbühl, deals with in-
fections that are associated with water–skin contact. These diseases are preva-
lent in tropical and subtropical environments. Within the project, environmental,
socio-cultural and behavioural factors were examined to develop an effective aware-
ness campaign based on local communication patterns. Qualitative and quantita-
tive methodologies were used to identify the local populations’ systems knowledge
about infectious diseases. Based on these findings, a visual awareness campaign was
developed to target illiterate population groups. To ensure that the information could
be understood by the target group, the local population assisted in the design of the
health education material.

In Chapter 19, ‘Behavioural Sciences in the Health Field: Integrating Natural
and Social Sciences’, Bettina F. Piko and Maria S. Kopp describe the applica-
tion of behavioural health sciences to increase understanding of health issues, and
aid both prevention and therapy. The project is based on a framework called the
‘biopsychosocial’ model of human processes, which considers external and internal,
genetic and environmental, somatic and psychosocial factors to be equally important
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in determining health and in inducing disease. The chapter outlines three elements
of an integrated strategy, each building on the other with multiple feedback systems:
first, to create an integrated course under the name ‘Behavioural Science’ in which
students in the field of medicine and health sciences can be provided with a set
of social and behavioural sciences, as applied to medicine; second, to develop a
health status monitoring system by means of two surveys (Hungarostudy, which
collects data on the health status of the Hungarian adult population; and South Plain
Youth Study, which gathers data on the health status of the adolescent population);
and third, to apply theoretical knowledge and empirical research results in the field
of practice, in this case, practical prevention programmes and skills development
training.

Two projects focus on models for developing a common understanding of the
problem and for consensus building among stakeholders about effective measures.
Chapter 20, ‘Sustainable Coexistence of Ungulates and Trees: A Stakeholder Plat-
form for Resource Use Negotiations’ by Karin E. Hindenlang, Johannes Heeb
and Michel Roux, addresses browsing by ungulates as a major problem for tree
regeneration in Alpine forests. This chapter describes a ‘platform for resource use
negotiation’ for solving such a regional forest–wildlife conflict in a mountainous
environment. Collaborative learning was used to develop a common understanding
of the systemic structure of the problem and an agreement on the management aims.
Preconditions for successful solution include the recognition of a conflict situation
combined with strong interest from the concerned parties – foresters, hunters, farm-
ers and conservationists – to solve conflicts. Their representatives must be willing
to participate according to the agreed principles of communication. Process related
success factors include the creation of mutual trust; sufficient time for building a
broad common knowledge base about the problem; and the development of a com-
mon understanding of the systemic structure with the help of mental modelling.
A transparent procedure that motivates participants to cooperate further was also
essential.

In Chapter 21, ‘Retrofitting Postwar Suburbs: A Collaborative Design Process’,
Carole Després, Andrée Fortin, Florent Joerin, Geneviève Vachon, Elise Gatti and
GianPiero Moretti tell of the five year research and planning process that focused
on the future of Quebec City’s aging postwar suburbs. The project was initiated
by the Interdisciplinary Research Group on Suburbs (GIRBa). GIRBa’s ultimate
aim was to generate knowledge that could be applied to urban design, planning,
management and policy making. The transdisciplinary and collaborative research
process was adopted to establish a consensual diagnosis, define planning objectives
and to design a master plan for Quebec City’s first ring suburbs. The chapter out-
lines the procedure and evaluates the success of the transdisciplinary process on
reaching, and sharing, a better understanding of postwar suburbs, on the planning
and policy orientations of the involved institutions, as well as on generating ongoing
collaborative work between participants.

The ‘cross-cutting issues’ section of the Handbook focuses on the overarch-
ing challenges of transdisciplinary projects: participation, values and uncertainties,
learning from case studies, project management, education, and integration.
Chapter 22, ‘Participation’, by Aant Elzinga, begins with a historical perspective
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on the development of transdisciplinarity and participation. Based on the gen-
eral literature and of the Handbook’s project chapters, this chapter addresses the
role of particiption in problem identification and structuring, learning and anal-
ysis, and in the implementation phase of projects, and illustrates how participa-
tion can fulfill a range of purposes. It also addresses the need to problematise
the concept of participation and ends with the question of who is empowered by
participation.

In Chapter 23, Silvio Funtowicz and Jerome Ravetz examine the issue of values
and uncertainties in policy related research. They distinguish between three different
forms of inquiry: ‘applied science’, ‘professional consultancy’, and ‘post-normal
science’, which is characterised by a high level of uncertainty and undeniable value-
loading. In such a context, even the best professional expertise becomes insufficient.
There is an urgent need for dialogue with the ‘extended peer community’ and this
requires a new set of methodologies.

Since many research projects were based on case studies, the question of what
can be learned from case studies in order to develop valid scientific knowledge
arises. This question is addressed in Chapter 24 by Wolfgang Krohn. It begins
with the distinction between ideographic and nomothetic knowledge, which was
first discussed in the 19th century. An analysis of the project chapters in the Hand-
book suggests that transdisciplinary research often combines these two perspec-
tives. While some projects focus on local management strategies, others place more
emphasis on generalisable results. The different projects can be grouped into four
research categories: causal analysis, recursive planning, technological implemen-
tation, and counselling. These differ with regard to the importance of situational
factors and the intensity of research. Each is characterised by different questions and
approaches.

Successful transdisciplinary projects require effective project management. The
management of transdisciplinary projects is the topic of Chapter 25 by Kirsten
Holländer, Marie Céline Loibl and Arnold Wilts. Conflicts may arise among team
members from different disciplinary backgrounds. At the same time conflicts are
fundamental to transdisciplinary research. Project management also has to take into
account that team members come from different social systems and have different
interests. Hence it becomes important to develop shared goals among researchers
and between researchers and non-academic stakeholders. At the same time, the flow
of information has to be managed. This requires some form of ‘controlled con-
frontation’ to gain the full benefit from the heterogeneity of the transdisciplinary
teams.

In Chapter 26, Julie Thompson Klein deals with transdisciplinary education.
Klein begins by explaining early frameworks of transdisciplinarity and early cur-
riculum. Several examples are given of the way transdisciplinarity has been inte-
grated into university degrees. Further, there is a need for stakeholder education and
for the education of professionals at their workplace. Especially in the health field
there are numerous courses that bring together specialists with a lay community.
Different reports emphasise the need for the cultivation of transdisciplinary skills.
The chapter ends with a number of lessons.
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Finally, Chapter 27, by Christian Pohl, Lorrae van Kerkhoff, Gertrude Hirsch
Hadorn and Gabriele Bammer, views integration as a core feature of transdisci-
plinary research. It begins with lessons from history and an overview of the current
state of transdisciplinary research. The chapter then addresses conceptual and practi-
cal challenges of integration in transdisciplinary research on the basis of some of the
projects that are described in the Handbook. Four different forms of collaboration
and four different approaches to integration are discussed. Funding, the capacity to
undertake transdisciplinary research, and demonstrated success of transdisciplinary
projects are seen as the prerequisites for further progress in transdisciplinary re-
search.

The final part provides a summary and outlook. Chapter 28, by Christian Pohl
and Gertrude Hirsch Hadorn, describes core terms in transdisciplinary research as a
guide for the reader. The explanations are taken from the ‘Principles for Designing
Transdisciplinary Research’ (Pohl and Hirsch Hadorn, 2007) and from Chapter 2
of this Handbook. Authors of the Handbook were provided with a preliminary and
shorter version of the term descriptions, but they were free to use the terms in their
own way. In Chapter 29 the editors propose a synthesis of the Handbook’s con-
tents in 15 propositions for enhancing transdisciplinary research. These comprise
the definition, scope and process of transdisciplinary research, stumbling blocks in
transdisciplinary practice and cornerstones for enhancing transdisciplinary research.
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Chapter 2
The Emergence of Transdisciplinarity
as a Form of Research
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Abstract The birth of science is based on a strict dissociation of scientific
knowledge from the various aspects of practical knowledge. The ideal of scien-
tific knowledge as it was shaped in antiquity is still influential today, although the
conception of science and the relationship between science and the life-world has
undergone major changes. The emergence of transdisciplinary orientations in the
knowledge society at the end of the 20th century is the most recent step. The Hand-
book focuses on transdisciplinarity as a form of research that is driven by the need to
solve problems of the life-world. Differences between basic, applied and transdisci-
plinary research, as specific forms of research, stem from whether and how different
scientific disciplines, and actors in the life-world, are involved in problem identifi-
cation and problem structuring, thus determining how research questions relate to
problem fields in the life-world. However, by transgressing disciplinary paradigms
and surpassing the practical problems of single actors, transdisciplinary research is
challenged by the following requirements: to grasp the complexity of the problems,
to take into account the diversity of scientific and societal views of the problems,
to link abstract and case specific knowledge, and to constitute knowledge with a
focus on problem-solving for what is perceived to be the common good. Trans-
disciplinary research relates to three types of knowledge: systems knowledge, target
knowledge and transformation knowledge, and reflects their mutual dependencies in
the research process. One way to meet the transdisciplinary requirements in dealing
with research problems is to design the phases of the research process in a recurrent
order. Research that addresses problems in the life-world comprises the phase of
problem identification and problem structuring, the phase of problem investigation
and the phase of bringing results to fruition. In transdisciplinary research, the order
of the phases and the amount of resources dedicated to each phase depend on the
kind of problem under investigation and on the state of knowledge.
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2.1 Science and Life-world: From Dissociation
to Transdisciplinary Orientations in the Knowledge Society

At the cradle of science in Greek antiquity the idea evolved that science is basically
a cognitive faculty for explaining the development of natural things, including hu-
mans. Scientific explanations must be based on principles inherent to natural things,
which Aristotle (384–322 BCE) saw as their universal unchangeable form. Aristotle
claimed that humans are capable of capturing these evident first principles in ‘con-
templation’, which is the meaning of the Greek term ‘theoria’. In antiquity, ‘theory’
meant the knowledge about self-evident principles on which scientific demonstra-
tion is based. This kind of scientific knowledge (epistême) is of no use for day to day
living. To lead their life, humans need skills to act (praxis) and to produce (poiêsis),
and they need prudence (phronêsis) to deliberate about things that allow choice. So,
the birth of science is based on a strict dissociation of scientific knowledge from the
various aspects of practical knowledge (Aristotle, 2003).

The distinction between scientific and practical knowledge gives rise to the ideal
that scientific knowledge is universal, explanatory, demonstrated to be true by a
standard method, teachable and learnable. As a consequence, science has to be de-
tached from practical life or the life-world. The term ‘life-world’ is used for what
the phenomenologist Edmund Husserl (1859–1938) called ‘Lebenswelt’ – meaning
the ongoing lived experiences, activities and contacts that make up the world of an
individual or corporate life. Alfred Schütz (1899–1959) introduced the term into
sociology to describe the structural properties of social reality as grasped by the
agent – the agent’s life-world (Schütz and Luckmann, 1973). Jürgen Mittelstraß
uses the term in defining ‘transdisciplinarity’ as a form of research that transcends
disciplinary boundaries to address and solve problems related to the life-world
(Mittelstraß, 1992).

The ideal of scientific knowledge as it was shaped in antiquity is still influential
today, although the conception of science and the relationship between science and
the life-world has undergone major changes. Important transformations have taken
place. The enlightenment started with the dissociation of the natural sciences from
philosophy, followed in the 19th century by the establishment of the humanities
and the social sciences as separate specialised disciplines in universities. The emer-
gence of transdisciplinary orientations in the knowledge society at the end of the
20th century is the most recent step in reshaping the conception of science and the
distinctions between science and the life-world.

The conception of science in the modern period is shaped by the dissociation
of the natural sciences from philosophy. The foundations of theory oriented ex-
perimental interventions into nature were in place by the end of the 16th century.
Modern natural science retains the idea that scientific knowledge is about general
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principles that explain processes in nature. However, these principles are conceived
as causal laws in the sense of abstract idealised models that relate events in time
and space as causes and effects, and explain the variation of events due to those
causal influences. These laws are tested by experimental research, by intervening
in nature under standardised laboratory settings. Consequently, while theories are
still elaborated by deductive ordering, statistical methods are now used to prove
that a theory holds true in a general way for processes of a certain kind, replacing
antiquity’s demonstration by deductive reasoning from self-evident first principles.
Newtonian mechanics, which reduces the plurality of phenomena in nature to some
basic laws, is the leading example of the modern conception of science.

Interestingly, a paradigm for conceiving the complexity in science emerges as
early as the 18th century. Johann Heinrich Lambert (1728–1777) developed a sys-
tems approach to structure complexity as a set of interrelated elements. Lambert
described various types of systems such as systems of scientific knowledge, belief
systems of cultures, religions and narratives, including systems that are constructed
to realise desired states. The latter systems are formed by uniting objectives and
means, the parts of which are correlated on the basis of natural causalities and vol-
untary decisions. Thus human agency becomes a subject of scientific knowledge.
Lambert was a distinguished mathematician, philosopher and natural scientist in his
own time: although his ‘systematology’ received little attention it became an early
forerunner of present day systems thinking (Rescher, 1979).

Newtonian science is also closely related to practical issues such as the produc-
tion of goods. Science in the modern period is concerned with empirical laws and
is carried out as research by intervening into nature in technically equipped exper-
imental settings. The close relations between modern science and technology open
ways for science based technological innovation, which can be used in industry for
the production of commercial goods. The benefit to society of progress in science
and technology is the core argument of Francis Bacon (1561–1626) in his ‘novum
organum’ for a new science in the early 17th century (Bacon, 2000). Bacon was con-
vinced that collaboration among scientists is most important for scientific progress,
which is for the sake of societal benefit. This idea was important in the founding of
the Royal Society in 1662. With the rise of the liberal market economy in the 19th
century the use of knowledge from natural sciences and technology in industrial
production began to play a major role in welfare economics. The instrumental inter-
est in scientific knowledge from economics and society became an external driving
force for the investment of resources in the progress of modern science and its ex-
perimental, quantitative and mathematical perfection. The purpose of improving the
standard of living by improved quality, and increasing quantities of goods has been
uncontested in society for a long time. As a result, many see scientific activity as
free from extra-scientific societal values. Such an understanding does not take into
account the way modern science and technology is imbedded in economic activities,
cultural orientations and political measures or how these shape and legitimate scien-
tific development as external drivers. Awareness of the way science is embedded in
extra-scientific values and institutions has grown with the various steps in the debate
about the modern conception of science and the role of science in the life-world.
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In the 19th century, the conception of modern science was criticised as a model
for all of science. When the humanities and history dissociated from philosophy the
model of science that explained events by universal causal laws based on experimen-
tal testing for their fields was reflected. Wilhelm Dilthey (1833–1911) advocated a
hermeneutic paradigm to achieve an understanding of cultural ideals and historical
configurations, which constituted the identity of a cultural epoch in the history of
mankind. He conceived of the humanities as hermeneutic sciences that rely on a
method of understanding the meaning of life by interpreting its expressions in texts
and other symbols. Wilhelm Windelband (1848–1915) also saw the methods and
subjects of history as distinct from those of the natural sciences (Chapter 24). In his
famous inaugural address as rector of Strassburg University in 1894 he argued that
the natural sciences explain general aspects of empirical events by universal laws,
while history investigates the individuality of empirical phenomena, giving them
values to aid the understanding of their meaning and importance.

The methodological division within the sciences continued with the development
of the social sciences. The emergence of the social sciences during the 19th and first
half of the 20th century was influenced by the serious problems experienced by
the country workers and the industrial working class due to major economic, social
and political transformations. The destructive influence of colonialism in the south
got little attention at that time. However, the social risks of industrialisation and
migration in the north attracted attention and stimulated innovative developments
in academia, for example, in the 1920s, the Chicago School of Sociology in the
United States, and also shaped Human Ecology (Groß, 2004). In Europe develop-
ments began earlier with Karl Marx (1818–1883), Max Weber (1864–1920) and
Emile Durkheim (1858–1917), whose thoughts were taken up by Talcott Parsons
(1902–1979) in his seminal theoretical work ‘The Structure of Social Action’
(Parsons, 1968). Max Weber related research in social sciences with knowledge
demands for societal problem-solving. For him, the stimuli behind the posing of sci-
entific problems were always practical problems, which thus coincided with specif-
ically oriented motives and values (Weber, 1949). He started with empirical investi-
gations of social problems in Germany and made major theoretical contributions to
the rise and shaping of sociology as a science of societal agency with his conception
of ideal-types for understanding societal institutions. Ideal-types structure institu-
tions and agencies analytically, and thus organise their complexity as value oriented
complex functional wholes. Weber was well aware of the individual complexity of
concrete settings. He therefore called his general analytical schemes ideal-types.
Ideal-types are theoretical idealisations in the sense that they are grounded rational
constructs of societal institutions and agencies. They are useful in describing and
analysing empirical phenomena to the degree that they approximate empirical cases.
The degree by which an ideal-type diverges from empirical observations indicates
whether another ideal-type needs to be developed for understanding these phenom-
ena (Weber, 1949).

Since then, actions of individuals and institutions have been a prominent sub-
ject for investigation in the social sciences, giving rise, in the 20th century, to
a long-lasting debate about the conception of the empirical sciences and their
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relation to societal values (Chapter 23). The beginning of the debate is labelled
‘Werturteilsstreit’. Starting from a clear cut distinction between facts and values,
proponents of a ‘neutrality of science in societal value issues’ like Weber, argue
that empirical sciences are about what is either true or false, while the normative
distinction in the sphere of values is that of right or wrong. Weber rejected the
possibility of an ethical foundation for value judgments, and restricted the tasks of
empirical science to the analysis of the rationality of societal forms of agency as
a means to certain ends, while pointing out that negative side-effects of behaviour
should be involved in judging its rationality (Weber, 1949).

According to this view the benefit of the social sciences for practical life is –
analogous to the natural sciences – an instrumental one. In this case, this is benefi-
cial for structuring and regulating the effectiveness and efficiency of human agency.
Since then the controversial debate within the social sciences and philosophy is
about whether scientific investigation is restricted to the instrumental rationality
of knowledge. Subsequently, the position of Sir Karl Popper (1902–1994) and
Hans Albert (born 1921) in the 1960s has been to restrict scientific investigation
of extra-scientific values to the functional analysis of means to certain ends. Jürgen
Habermas (born 1929) in his critique of positivism in ‘Knowledge and Human In-
terest’ argues for three types of scientific rationality related to specific standards in
research (Habermas, 1968): (1) the instrumental rationality of the empirical sciences
and their standards of quantification and experimental testing, (2) the rationality of
the historical sciences, which concerns the role of knowledge in creating meaning
for life and constituting personal identity in societal contexts, based on rules for
hermeneutic interpretation, and (3) the sciences of action, which are about societal
transformations (in his later works this is based on communicative rationality as
communicative action). According to this conception participants engage in delib-
eration, following the regulative percept of an ‘ideal speech-situation’ (Habermas,
1984, 1987). In transdisciplinary research, Habermas’ conception of communicative
rationality is broadly referred to, providing foundations for models of dialogue and
knowledge claims (Chapter 21). This typology of the sciences and their rationality
replaces the strict distinction in antiquity of science as epistême, on the one hand,
and the knowledge of the life-world as poiêsis, praxis and phronêsis, on the other
hand, by relating different conceptions of science with different types of interests:
production, action and deliberation.

Of major importance for transdisciplinary research is a further alternative to the
positivist view and its ideal of a physicalistic unitary science, namely the develop-
ment, beginning in the 1940s, of systems theory in a broad range of fields. Sys-
tems theory was proposed by Ludwig von Bertalanffy (1901–1972) in biology; and
developed by Norbert Wiener (1894–1964) in cybernetics; by John von Neumann
(1903–1957) in game theory; by Claude Elwood Shannon (1916–2001) in informa-
tion theory; and by Niklas Luhmann (1927–1998) in sociology, to mention some
eminent individuals. Systems theory studies the abstract organisation of phenom-
ena, independent of their substance, type, or spatial or temporal scale of existence.
It investigates both the principles and the mathematical models used to describe
them. These developments give rise to the idea of an abstract structural unity of
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scientific knowledge against the background of the progressive fragmentation of
the sciences into more and more specialised disciplines and thematic fields. The
continuing differentiation in research and higher education, as well as in social in-
stitutions in general, becomes a major risk for modern civilisation, because special-
isation prevents the recognition of possible negative side effects. Multidisciplinary
research approaches an issue from the perceptions of a range of disciplines; but each
discipline works in a self-contained manner with little cross-fertilisation among dis-
ciplines, or synergy in the outcomes. The growing awareness of these kinds of risks
therefore stimulates integrative approaches labelled ‘interdisciplinarity’ or ‘transdis-
ciplinarity’. It is in this context that Erich Jantsch (1929–1980) an others argued for
innovations in planning for society at large, in a government–industry–university
triangle which included a far-reaching reorganisation of higher education into an
education–innovation system. He proposed that knowledge should be organised into
hierarchical goal oriented systems. Blueprints for such coordinated frameworks, for
which he introduced the term transdisciplinarity, would be general systems theory
and organisation theory; that is, the study of organisations by the means of sys-
tems theory. He distinguished four levels within such a system: purposive (meaning
values), normative (social systems design), pragmatic (physical technology, natural
ecology, social ecology) and empirical (physical inanimate world, physical animate
world, human psychological world). Values were crucial to his transdisciplinary
systems because this approach involved activities at all levels of the education–
innovation system being coordinated towards a common purpose (Jantsch, 1972).

Joseph Kockelmans (born 1923) argues against restricting problem oriented re-
search to theoretical frameworks. This is in the spirit of general systems theory
or structuralism, proposed by Jean Piaget (1896–1980) to address the unity of the
sciences against the background of fragmentation of knowledge. Kockelmans sug-
gests the term ‘crossdisciplinary work’ for research which ‘is primarily concerned
with finding a reasonable solution for the problems that are so investigated, whereas
transdisciplinary work is concerned primarily with the development of an overarch-
ing framework from which the selected problems and other similar problems should
be approached’ (Kockelmans, 1979). From this, it becomes clear that there are sev-
eral quite different cognitive motives for transcending boundaries between disci-
plines, such as unity of knowledge in general, grasping the complexity of concrete
issues, and innovation in basic research as, for instance, in the case of molecular
biology. On the other hand, a variety of terms such as interdisciplinarity, crossdis-
ciplinarity, transdisciplinarity and others have been coined to distinguish between
the forms and functions of crossing disciplinary boundaries. Unfortunately these
terms do not always have the same meaning, due to independent developments and
different related motives.

While these emerging ideas about inter-, cross- and transdisciplinarity are widely
discussed with comparatively little impact on research or on institutional structures
in universities, systems analysis and modelling are advancing to become leading
paradigms in the natural and social sciences. They are used for describing com-
plexity and for analysing the risks that global change poses to life-support systems
as a result of the manifold and poorly understood negative side-effects related to
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the increasing use of natural resources, and to population growth (Forrester, 1961;
Meadows et al., 1972; Chapter 3). It is in this context, that in 1986 Ulrich Beck
coined the term ‘Risk Society’ (Beck, 1992). In his bestseller he points at the radical
transformations in so much of everyday life in the industrial society, together with
unintended and poorly understood damage to natural resources and life-support sys-
tems. As a consequence he sees the sciences becoming reflective, meaning that they
will become increasingly busy understanding and handling the negative side-effects
of the use of science based technological innovations in society. Beck insists that
these effects have to be understood as hybrids that no longer match the separation
of natural events and societal meaning. Modernisation itself induces hazards and
insecurities, which call for precautionary and systematic ways of dealing with haz-
ards as essentially political issues. Social sciences and humanities become involved
in activities such as technology assessment, ethical committees on morally sensitive
technologies as well as research into the ethical, legal and social implications (ELSI)
of technologies (Chapter 9 and Chapter 10) such as ELSI research within the Human
Genome Program. According to Beck, society and the sciences undergo intertwined
transformations into a risk society in ‘Science beyond Truth and Enlightenment’
(Beck, 1992).

Beck is criticised for his rather vague statements about the transformations of
science. Silvio Funtowicz and Jerome Ravetz clear some of these grounds with
their conception of post-normal science (Funtowicz and Ravetz, 1993; Chapter 23),
which has been the result of their analysis of the management of high uncertainty
and decision stakes in policy related scientific inquiries. They find that the paradigm
of normal science is inadequate to ensure the validity of knowledge about these
kinds of issues. Therefore routine scientific expertise is inadequate and professional
knowledge and judgment are insufficient to address these policy issues. They argue
that in such cases science must engage in dialogue with all those who have a stake in
the decision. Quality assurance of scientific inputs to the policy process is perceived
as mutual learning, with stakeholders as an extended peer community. While science
is becoming an agent in the policy process, ideas about reflectivity and democrati-
sation of science attract broad attention, especially within the community of sci-
ence and technology studies (STS). These ideas undergo various interpretations and
adaptations. In 1994 Michael Gibbons and his colleagues published their ‘New Pro-
duction of Knowledge’, in which they contrasted Mode 1 of knowledge production,
the Newtonian model, with a Mode 2, emerging in the field of research and devel-
opment, which has features such as transdisciplinarity, heterogeneity, reflectivity,
social accountability, and context- and user-dependency (Gibbons et al., 1994).

Through scientists entering into dialogue and mutual learning with societal
stakeholders, science becomes part of societal processes, contributing explicit and
negotiable values and norms in society and science, and attributing meaning to
knowledge for societal problem-solving. Within such hermeneutic frameworks
problem-solving includes reflection, the transformation of attitudes, the develop-
ment of personal competences and ownership, along with capacity building, in-
stitutional transformations and technology development. Mutual learning connects
transdisciplinary orientations to action research, a conception aimed at mutual
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benefit to theory and practice. Action research is driven by three principles: (1) The
location of the starting point in social reality, i.e. people’s interpretation of reality.
Action research, therefore, is related to interpretative approaches of social research,
which extend back to the Chicago school of sociology of the 1920s. (2) Action
in field research, aimed at learning about the consequences of different forms of
social action. Research directed toward the solving of social problems was devel-
oped by Kurt Lewin (1890–1947). To achieve this, action, research and education
must form an interlinked triangle (Lewin, 1951). (3) The so-called subject status of
the research object or participation. Jakob L. Moreno (1889–1974), proposed that
researchers and the people studied should both research and be researched, and both
should participate in the situation and intervene to create change in accordance with
their competences. Action research was adopted in studies about religious and racial
prejudices and in projects concerning education and social work during the social
upheaval of the 1960s and 1970s. Thanks to the work of Chris Argyris and Donald
Schön on experiential and organisational learning, as well as on theories of action
(Argyris and Schön, 1996), action research has found its way into transdisciplinary
projects concerned with sustainable development of companies, landscape research
and Local Agenda 21, to note a few examples.

During the past thirty years similar changes have been taking place in the de-
sign of research projects in development cooperation. Where, at the beginning, re-
searchers defined the problems and the solution, now, the affected population’s par-
ticipation is supported in the research process. Experience shows that without par-
ticipation, the resulting measures and outcomes are likely to be rejected or ignored
by the local population. New approaches and methods, such as rapid rural appraisal
(RRA) and participatory rural appraisal (PRA), are being developed. In addition
to integrating the local population into the research process in an active way, the
diversity and complexity of social, political, economic and environmental problems
has to be adequately met (Chapter 3, Chapter 4 and Chapter 17). ‘Diversity’ means
that empirical dimensions relevant to describing and analysing processes are hetero-
geneous in the sense that they belong to different disciplines or to the perceptions
of different actors, and that there are plural values and norms that do not fit together
in a systematic way. Diversity of dimensions or values is in contrast to homogeneity
with respect to the disciplines and life-world perceptions involved. ‘Complexity’ is
used for the interrelations among heterogeneous dimensions, or plural values and
norms. Thus complexity is in contrast to simplicity.

Against the background of the perceived diversity and complexity of develop-
ment problems and trends it becomes obvious that the formerly dominant set of
theories – modernisation and dependency theories in the social sciences – have
only limited explanatory power. The United Nations Conference on Environment
and Development (UNCED) in Rio de Janeiro in 1992 had the commitment of the
statesmen from most nations to sustainable development. It marked a paradigm shift
in thinking about developmental issues. Sustainable development is a global socio-
political model for changing practices and institutions in order to achieve more
equitable opportunities within and between generations while taking into account
the limitations imposed by the state of technology and social organisation on the
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environment’s ability to meet present and future needs (World Commission on Envi-
ronment and Development, 1990). Promoting sustainable development therefore ne-
cessitates overcoming narrow preoccupations and compartementalised concerns by
involving people from civil society, the private sector and public agencies as actors
in participatory deliberation and decision making. Thus sustainable development is
a way to conceive the common good as the basic principle of public legislation in a
complex world. Agenda 21, a UN program, is a comprehensive blueprint for action
to be taken globally, nationally and locally.

The Rio Conference and The World Summit on Sustainable Development held
in Johannesburg in 2002 were highlighting the importance of science to sustainable
development, and stressing the need to transform research by involving stakeholders
and promoting mutual learning between science and the life-world (Hirsch Hadorn
et al., 2006). When a group of authors in the 1970s first published ‘Finalization
in Science: The Social Orientation of Scientific Progress’ (Böhme et al., 1983),
in which they showed how the external orientation of scientific development was
becoming more and more important for the development of the sciences, com-
pared to putting forward endless internal scientific frontiers, the scientific world
was shocked. The conception of science in the analysis of finalization is still that
of scientific disciplines. These disciplines are now being responsive to problems in
the life-world, which are external to their cognitive domain. Therefore, a problem
oriented restructuring of knowledge was needed to produce knowledge that was
valid for specialist problem-solving and translatable into technological innovation.
In today’s knowledge society, with sustainable development as its normative model,
even forms of research and the role of science in societal change are altering. Sci-
ence is not only a resource, but an ‘agent of change’ (Krohn and van den Daele,
1998): society is not only integrating scientific knowledge but adopting scientific
research for societal problem-solving and innovation.

It is this bigger picture of ongoing and intertwined transformations in academia
and the life-world during the modern period, especially in the last 30 years, which
has to be kept in mind when looking at the challenges of, and opportunities for,
transdisciplinary research. From this historical perspective it becomes clear why
transdisciplinary research is a fuzzy and contested field, shaped by various lines of
thinking, heterogeneous conceptions of science and approaches to research, with a
variety of terminologies and definitions. The next section will comment on some of
these and propose a structure as guidance for readers.

2.2 Transdisciplinarity as a Form of Research

Disciplines shape scientific research by forming the primary institutional and cog-
nitive units in academia, on which the internal differentiation of science into spe-
cialised curricula, professions and research, is based (Stichweh, 1992). Members of
a discipline are specialists who build a scientific community (Kuhn, 1963). Members
communicate within their community, share basic assumptions and examples about
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meaningful problems, standards for reliable and valid methods, as well as what is
considered a good solution to a problem. What modern science gains and preserves
is based to a large extend on disciplinary structures. However, boundaries between
disciplines are changing: by increasing specialisation through internal differentia-
tion within the disciplines, and by the integration of disciplines.

One intellectual motive for transgressing disciplinary boundaries and integrating
different disciplinary perspectives has been the search for innovation in fundamental
scientific understanding of specific problems, often linked with innovation in inves-
tigative methods. Among the many examples are developments in the social sci-
ences (Sherif and Sherif, 1969), in biology (Bechtel, 1986) and recently in the field
of nanotechnology and nanoscience. Endeavours of this kind, which are motivated
by factors internal to the scientific knowledge system, are often termed ‘interdis-
ciplinarity’. Migration and collaboration by researchers between disciplines, which
take place in such interdisciplinary endeavours, change the landscape of disciplines
by the transformation of existing disciplines, and the emergence of new ones.

A second motive stems from the knowledge demands of the knowledge soci-
ety. Societal knowledge demands for a better understanding of, and solutions to,
concrete issues in the life-world, function as an external driver for transgressing
disciplinary boundaries and integrating different disciplinary perspectives. Although
this is a different kind of endeavour, it is sometimes also called ‘interdisciplinarity’,
as for instance in the following definition:

Interdisciplinary research (IDR) is a mode of research by teams of individuals that integrates
information, data, techniques, tools, perspectives, concepts, and/or theories from two or
more disciplines or bodies of specialized knowledge to advance fundamental understanding
or to solve problems whose solutions are beyond of the scope of a single discipline or area
of research practice. (National Academies, 2005)

It is helpful to make a terminological distinction between these two different endeav-
ours. One suggestion is to specifiy interdisciplinarity in the context of knowledge
demands in the life-world with the help of additional terms such as ‘interdisciplinary
problem-solving’ (Clark, 1999; Deppert, 1998) or ‘goal oriented interdisciplinarity’
(Hubert and Bonnemaire, 2000); or defining them as ‘Mode 1 interdisciplinarity’
and ‘Mode 2 interdisciplinarity’ (Bruce et al., 2004). It is, however, more useful to
use a different term, such as the term ‘transdisciplinarity’ (Jantsch, 1972) as we do
in the ‘Handbook of Transdisciplinary Research’. Various more or less radical views
of the transformation of science involving the transgression of disciplinary bound-
aries in addressing issues in the life-world in research, have emerged. These have
resulted in the coining of specific terms such as ‘post-normal science’ (Funtowicz
and Ravetz, 1993), ‘Mode 2 of knowledge production’ (Gibbons et al., 1994), and
‘policy science’ (Clark, 2002).

Jürgen Mittelstraß (1992) argues that transdisciplinarity is primarily a form of
research for addressing and reflecting on issues in the life-world. Against the back-
ground of harm and serious risk posed by technologies and growth that does not
fit within the disciplinary paradigms of academia, he calls for the transgression
of disciplinary boundaries for identifying, structuring and analysing problems in
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research. Contrary to the more pragmatic approach of transdisciplinarity as a form
of research, others argue for a further intellectual endeavour on a fundamental
theoretical level. They conceive of transdisciplinarity as a theoretical unity of all
of our knowledge, which they think is needed to respond adequately to knowledge
demands for problem-solving in the life-world. (Nicolescu, 1996; Max-Neef, 2005).
In coining the term ‘transdisciplinarity’ in 1972, Erich Jantsch envisioned a systems
theory approach for the purpose oriented integration of knowledge to grasp the com-
plexity of problems in the life-world:

Transdisciplinarity: The co-ordination of all disciplines and interdisciplines in the educa-
tion/innovation system on the basis of a generalized axiomatics (introduced from the pur-
posive level) and an emerging epistemological (“synepistemic”) pattern. (Jantsch, 1972)

Systems theory has been influential in shaping a range of transdisciplinary schools,
among them ‘human ecology’ (Ehrlich et al., 1973), the ‘Man and Biosphere’ re-
search concept (Chapter 3), ‘ecological economics’ (Costanza et al., 1997), ‘sus-
tainability science’ (Kates et al., 2001) and ‘socio-ecological research’ (Becker and
Jahn, 2006; Chapter 6).

Scholars in Social Studies of Science (STS) investigate the transformation of
knowledge production in applied and policy oriented research, as opposed to basic
research. Among other features, they stress the need for the participation of stake-
holders in the research process (Chapter 22). Because of the high level of uncertainty
of knowledge and the high decision stakes involved, Funtowicz and Ravetz in their
conception of ‘post-normal science’ argue for mutual learning between scientists
and stakeholders with stakeholders belonging to an ‘extended peer community’,
and for quality control of knowledge in policy oriented research (Funtowicz and
Ravetz, 1993; Chapter 23). In the context of application, Gibbons and colleagues in
their ‘Mode 2 of knowledge production’ (Gibbons et al., 1994) insist on mutual
learning for ‘socially robust knowledge’ (Nowotny, 1999). The collaboration of
both researchers and actors in the life-world can be found in many definitions of
‘transdisciplinarity’. This is highlighted by Julie Klein’s definition:

The core idea of transdiscipinarity is different academic disciplines working jointly with
practitioners to solve a real-world problem. It can be applied in a great variety of fields.
(Klein et al., 2001)

In summary, there are about four core concerns which show up in definitions of
‘transdisciplinarity’ or related terms: first the focus on life-world problems; sec-
ond the transcending and integrating of disciplinary paradigms; third participa-
tory research; and fourth the search for unity of knowledge beyond disciplines.
While the first two concerns are widely shared, there is disagreement over whether,
and to what extent participatory research is needed for taking into account so-
cietal views in investigation issues. There is even more disagreement about the
importance of the search for unity of knowledge in addressing issues in the
life-world.

The ‘Handbook of Transdisciplinary Research’ focuses on transdisciplinarity as
a form of research that is driven by the need to solve problems of the life-world. To
cover a broad range of research experiences and bring it to fruition in the ‘Handbook
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of Transdisciplinary Research’ a broad conception of ‘transdisciplinary research’ is
used. This conception is developed and explained in more detail in td-net’s ‘Prin-
ciples for Designing Transdisciplinary Research’ (Pohl and Hirsch Hadorn, 2007).
Based on a synthesis of what can be found in the literature the conception refers to
cognitive features of the starting point, the requirements and the goals of a transdis-
ciplinary research process:

There is a need for TR when knowledge about a societally relevant problem field is uncer-
tain, when the concrete nature of problems is disputed, and when there is a great deal at
stake for those concerned by problems and involved in dealing with them. TR deals with
problem fields in such a way that it can: a) grasp the complexity of problems, b) take into
account the diversity of life-world and scientific perceptions of problems, c) link abstract
and case specific knowledge, and d) constitute knowledge and practices that promote what
is perceived to be the common good. (Pohl and Hirsch Hadorn, 2007)

Features of the starting point, namely high uncertainty of knowledge and high de-
cision stakes are at the core of post-normal science (Funtowicz and Ravetz, 1993).
Furthermore, grasping the complexity of the problems, taking into account the diver-
sity of life-world and scientific perceptions of problems, as well as linking abstract
and case specific knowledge, are widely shared concerns in transdisciplinary re-
search processes. However, the goal, which is to constitute knowledge and practices
that promote what is perceived to be the common good, is seldom explicitly stated in
a definition, although it is sometimes implied, for instance by the term sustainability
science (Kates et al., 2001). An exception is policy science (Clark, 2002), which
explicitly refers to the common interest as the normative principle for assessing
problem-solving measures.

Transdisciplinary research relates to three types of knowledge: systems knowl-
edge, target knowledge and transformation knowledge. The terms are coined in ‘Re-
search on Sustainability and Global Change – Visions in Science Policy by Swiss
Researchers’ (ProClim, 1997). The definition of ‘systems knowledge’ as knowledge
of the current status; of ‘target knowledge’ as knowledge about a target status; and
‘transformation knowledge’ as knowledge about how to make the transition from the
current to the target status (ProClim, 1997); however, can be open to a technocratic
misunderstanding. Therefore these forms of knowledge are described by the types
of questions to be addressed by transdisciplinary research (Pohl and Hirsch Hadorn,
2007):

- Questions concerning the genesis, further development and interpretation of a
problem in the life-world are answered by systems knowledge of empirical pro-
cesses and interactions of factors – including the interpretations given to these in
the life-world.

- Questions related to determining and explaining the need for change, desired
goals and better practices that call for target knowledge.

- Questions about technical, social, legal, cultural and other possible means of act-
ing that aim to transform existing practices and introduce desired ones, which
have to be answered by transformation knowledge.
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There are similar distinctions between forms of knowledge using different termi-
nologies by other authors (Becker et al., 1999; Deppert, 1998; Costanza et al., 1997;
Jantsch, 1972).

These three forms of knowledge remind us of Aristotle’s forms of knowledge,
namely: science (episteme); life-world action (praxis); production (poiêsis); and
prudence (phronêsis) – now transformed as goals of transdisciplinary research. Be-
ing goals of transdisciplinary research means that the investigation of each of the
three types of questions requires that explicit assumptions with regard to the other
two types are made. Thus, instead of being investigated in isolation, research ques-
tions that refer to target knowledge should be examined on the basis of specific
assumptions about systems relations and with a view to finding out about specific
options for transforming existing practices. The opposite is also important: an em-
pirical analysis of systemic relations must refer to the transformation of a specific
social practice with a specific objective in mind; and studies of possible change
options need to be based on specific knowledge about systems relations and goal
oriented practices. Furthermore, instead of being conceived of in a sequential order
as in the classical technical model of problem-solving, these three forms of knowl-
edge form a triangle reflecting the mutual dependencies (Fig. 2.1).

This integrative perspective of the three forms of knowledge also displays an
important difference to Habermas’ conception of the different types of scientific
rationality. This becomes clear when looking at the particular challenges that each
form of knowledge has to face to produce valid knowledge. Systems knowledge
needs strategies for dealing with uncertainties. On the one hand, these uncertainties
are the result of transferring abstract insights from a laboratory, model or theory to
a concrete case underlying specific conditions. On the other hand, depending on the

Fig. 2.1 Interdependencies between systems, target and transformation knowledge and their
particular challenges (Pohl and Hirsch Hadorn 2007, p. 38), adapted
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approach to and interpretation of the problem, these uncertainties may be attributed
different degrees of importance, leading to different assessments of targets and of
transformation knowledge. In the case of target knowledge, against the background
of multiple interests, needs and attitudes of stakeholders, a standard is needed to
clarify the variety of positions, and to guide deliberation about their significance for
problem-solving. This is the role of referring to and interpreting the common good,
or more specifically, the sustainability model in addressing target and transformation
knowledge. In the case of transformation knowledge, when designing technical, so-
cial, legal, cultural and other options, the challenge is to learn about the flexibility of
existing infrastructure, current laws, and to a certain degree about current power re-
lations, cultural opinions and people’s capabilities for learning (Argyris and Schön,
1996). It is necessary to learn to make what is existing more flexible in order to have
any chance of successfully navigating between ‘the Scylla of political irrelevance
and the Charybdis of technical inadequacy’ (Guston and Sarewitz, 2002).

The starting point, requirements and goals of transdisciplinary research have
major implications for the way problems and research questions must be identified
and structured. To understand these challenges a comparison of transdisciplinary,
applied and basic research is helpful. For this purpose, we conceive of basic, ap-
plied and transdisciplinary research as three ideal-types, thus doing justice to the
fact that projects have characteristics of certain forms of research to a higher or
lower degree: projects can combine features of different research forms. Differ-
ences between basic, applied and transdisciplinary research, as specific forms of
research, stem from whether and how scientific disciplines, and actors in the life-
world, are involved in problem identification and problem structuring, thus deter-
mining how research questions relate to problem fields in the life-world. In Fig. 2.2
each form of research is represented by a three column diagram to show the dif-
ferent ways of determining research questions and how those questions relate to
problem fields. In the diagrams, scientific disciplines form the column to the left.
The range of disciplines from sciences and humanities is illustrated by economics,
ethics, molecular biology, and ecology. Disciplines evolve and change over time
by means of internal differentiation as well as by integration. To keep the figure
simple, this is not indicated in the diagrams. The right hand column shows actors
in the life-world. In this third column the private sector, civil society, and public
agencies, are each comprised of a range of institutions acting from local to global
scales. To keep the diagrams simple, specific institutions and stakeholders are not
included. The private sector, civil society, public agencies and disciplines of sci-
ences and humanities interact as four policy cultures in dealing with policy issues in
the knowledge society (Elzinga, 1996). The middle column lists a few examples of
problem fields: poverty, land degradation, disease, and hunger. Borders between the
problem fields are fuzzy as they build complex clusters with mutual influences and
overlaps.

When identifying and structuring problems to determine research questions it is
necessary to reduce the diversity and complexity of elements, structures and pro-
cesses in problem fields by distinguishing between important and irrelevant aspects.
Reducing diversity and complexity has to be based on knowledge. In Fig. 2.2, circles
indicate the knowledge bases. The way knowledge bases in the sciences and in the
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Fig. 2.2 Problem identification and structuring in basic, applied and transdisciplinary research
(Hirsch Hadorn et al. 2006, p. 123–124) adapted

life-world are involved in reducing diversity and complexity for problem structuring
and determining research questions in relation to problem fields, is different in each
form of research. This is indicated by the different arrows that relate the knowledge
base involved in determining research questions to the problem fields in each form
of research.

Problems for basic research arise from difficulties in explaining and describing
a subject by generally valid principles of a discipline. Members of a discipline
share examples of good quality problems and solutions, concepts, methods, and
standards for research using institutions such as journals, textbooks and educa-
tional programmes. These elements constitute the paradigm of a discipline (Kuhn,
1963). A paradigm ensures that research questions can be answered in a valid and
reliable way. To arrive at theoretical explanations in basic research, problems must
be modelled and investigated under standardised conditions: an idealisation of what
happens in real world settings. Therefore, many factors that could contribute to the
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genesis and development of issues in a problem field have to be ignored. These
factors could be a subject for other disciplines, again in an idealised way, but from a
different perspective. For example, in the case of biological processes identified as a
research problem for molecular biology with assumed relevance for some diseases,
researchers will not concern themselves with cultural practices or economic condi-
tions that also contribute to the causes of epidemics or disease. Such factors are a
subject for investigation by other disciplines.

As a result, research questions in basic research aim at advancing the state of the
art and do not directly address knowledge requirements for dealing with problem
fields. It is, however, claimed that explanations of basic research, e.g. in molecular
biology, are important for applied research investigations in concrete problem fields
such as poverty, disease, land degradation and hunger. Therefore, in the Basic Re-
search section of Fig. 2.2, the arrows that indicate the knowledge base for problem
structuring start from one discipline as the only knowledge base. Arrows point to-
wards all problem fields because knowledge of basic research is conceived of as
universal knowledge. However, arrows do not connect with problem fields, because
basic research does not address the way problems occur in problem fields. That is
the task of applied research. For the same reasons, there are no arrows coming from
actors in the life-world. Their knowledge, interests and concerns do not directly
contribute to problem structuring in basic research, although their expectations and
concerns about the potentials of basic research for the life-world have major impli-
cations for basic research funding and for science policy in general. The potential
of knowledge gained in basic research to improve the approach to problem fields
by actors in the life-world is still an issue that needs to be realised in applied and
transdisciplinary research.

Applied research describes and explains the variable processes in a certain prob-
lem field and develops specific measures and support for the actors concerned. For
this purpose the knowledge base in science is built by disciplines specialising in
the applied research of a specific problem field. The diversity and complexity of
factors in the problem field can trigger the integration of knowledge of further dis-
ciplines and development of an interdisciplinary conception of the problem, also
called ‘Mode 2 interdisciplinarity’ (Bruce et al., 2004). Furthermore, the interests
and knowledge of the actor, who requires systems knowledge as well as transfor-
mation knowledge to improve his practice, are involved in shaping research ques-
tions. This is indicated by arrows that relate the relevant knowledge bases from
science and the life-world to the problem field. The example in Fig. 2.2 shows
molecular biology and economics being applied to investigate a certain disease and
develop a drug that can be produced by the pharmaceutical industry. Applied re-
search is often funded by the private sector or by public agencies asking for knowl-
edge in the search for innovation or to improve their dealing with issues in the
life-world.

Transdisciplinary research is needed when knowledge about a societally relevant
problem field is uncertain, when the concrete nature of problems is disputed, and
when there is a great deal at stake for those concerned by problems and involved
in dealing with them. However, by transgressing disciplinary paradigms and by
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surpassing the practical problems of single actors, transdisciplinary research can no
longer build on clearly defined knowledge bases in science and the life-world. As
a consequence, research problems that are soluble thanks to disciplinary paradigms
of problem structuring and to the restriction of the range of interests taken into
account, are turned into issues that scientists and agents can grapple with. The
challenges mentioned give a reason for defining transdisciplinary research by the
following requirements and goal: to grasp the complexity of the problems, to take
into account the diversity of scientific and societal views of the problems, to link
abstract and case specific knowledge, and to constitute knowledge with a focus on
problem-solving for what is perceived to be the common good.

A way to meet these requirements is to design the phases of the research process
in a recurrent order. Problem-solving research comprises the phase of problem iden-
tification and problem structuring, the phase of problem investigation and the phase
of bringing results to fruition. Traditionally these phases follow a sequential order,
with an emphasis on problem investigation. In transdisciplinary research, the order
of the phases and the amount of resources dedicated to each phase depend on the
kind of problem under investigation and on the state of knowledge (Fig. 2.3).

Problem identification and problem structuring is the phase of the transdisci-
plinary process in which researchers and actors in the life-world jointly work on
identifying and understanding the nature of specific problems in a problem field.
Participants are engaged in jointly framing and structuring the fuzzy issues in a
problem field with regard to: the genesis and possible further developments of a
problem; determining and explaining the need for change, desired goals and better
ways of acting; and to technical, social, legal, cultural and other possible means of
transforming existing practices. Thus the knowledge demands of systems, target and
transformation knowledge are determined. In transdisciplinary research the phase of
problem identification and structuring is very resource demanding because it cannot
build on a specific knowledge base, as can basic and applied research. Instead, a

Fig. 2.3 The three phases of research in a transdisplinary research process (Pohl and Hirsch
Hadorn, 2007, p. 42)
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broad range of participants and competences have to be involved to properly identify
the relevant scientific disciplines and actors in the life-world, to evaluate the existing
knowledge in academia and the life-world about the problems and to learn about the
needs and interests at stake. This information can function as the knowledge base to
determine the knowledge available for problem-solving, the questions that need to
be addressed in research, and the competences that are required for the investigation
and deliberation of results.

Of course one outcome of this phase could be that some knowledge is avail-
able and – instead of engaging in deeper investigation – allows the designing and
implementing of measures to test the effectiveness of that knowledge to proceed.
But this kind of real world experiment (Chapter 24) may lead to surprising results,
which call for the investigation or even a restructuring of problems and research
questions. Another possible outcome of problem structuring and investigation is
that quite different competences and participants may be required in a project than
was initially expected. Furthermore, problem identification and structuring, on the
one hand, and problem analysis, on the other hand, can overlap. This makes an
iterative treatment of phases a more rational approach for achieving valid results,
than a sequential treatment.

The requirements and goals of transdisciplinary research also have implications
for the phase of problem analysis. In order to grasp the relevant complexity of rela-
tions when research questions are structured into more specific ones for detailed
analysis, an adequate understanding is needed of the way in which the diverse
aspects and perspectives are integrated. In addition, quality assurance of knowl-
edge has to take into account mutual influences between systems knowledge, target
knowledge and transformation knowledge. From this it becomes clear that knowl-
edge is related to conceptual, epistemological and methodological uncertainties
(Chapter 23).

Furthermore, although research results are expected to be valid for problem-
solving in concrete settings, some abstraction in cognitive conceptions is important,
otherwise transdisciplinary projects would be restricted to counselling and lack a
core element of the mission of research: to find out what can be learned for other
problem situations. Instead of defining standard conditions for idealisation, gener-
alisation of knowledge has to be achieved by transferring models and methods from
the context in which they have been developed, to other contexts, while carefully
validating the conceptions of each setting. Therefore, problem analysis and bringing
results to fruition are best conceived of as iterative and integrated steps (Chapter 24).
In such a situation researchers and actors in the life-world collaborate to achieve:
(1) recurrent validation and adaptation of empirical models in concrete situations,
(2) ongoing deliberation about goals, and (3) recurrent monitoring of experiments
and effects in order to adapt conceptions and transformation strategies.

Bringing the results to fruition, as a phase of the transdisciplinary process,
relies on the synthesis of knowledge and the translation of that knowledge. This
takes into account the context of the actors in the life-world who are involved
in transforming practices to promote what is perceived to be the common good.
Transformations can comprise new insights, and as a consequence alter the
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perception of a problem, thus influencing policy making and individual behaviour.
Because of the uncertain empirical knowledge, contested purposes and habits relat-
ing to existing practices, it is important that practitioners learn about the strengths
and weaknesses of problem-solving strategies and develop competences for imple-
menting and monitoring progress in order to be able to adapt strategies and purposes.
This influences problem-solving strategies: from the implementation of definitive
(technological) solutions, to social learning about problem-solving strategies in-
cluding the design of technologies and institutional structures as well as changing
attitudes.

In this chapter, transdisciplinary research has been characterised by its starting
point, goals and requirements. It has been argued that transdisciplinary research is
necessary when knowledge about a societally relevant problem field is uncertain,
when the concrete nature of problems is disputed, and when there is a great deal at
stake for those concerned by the problems and involved in investigating them. In
such situations, the knowledge required as a starting point for research comprises
the genesis and possible further development of problems. This includes: the in-
terpretation in the life-world (systems knowledge); knowledge about the need for
change, desired goals and better ways of acting (target knowledge); and knowledge
about technical, social, legal, cultural and other means of redirecting the existing
behaviour (transformation knowledge). Consequently, the challenge for researchers
is to grasp the relevant complexity of the problems, to take into account the diversity
of life-world and scientific perceptions of problems, to link abstract and case specific
knowledge, and to develop knowledge and practices that promote what is perceived
to be the common good. Against this background transdisciplinary research can be
distinguished from both basic and applied research by the way scientific disciplines
and actors in the life world are involved in problem identification and structuring.
Concurrently building a knowledge base for relating research questions to problem
fields and problem-solving in the life-world has design implications, for problem
analysis and for bringing results to fruition. One of these implications is to design
the research process as a recurrent ordering of phases.
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Chapter 3
From Local Projects in the Alps to Global
Change Programmes in the Mountains of the
World: Milestones in Transdisciplinary Research

Bruno Messerli and Paul Messerli

Abstract In the 1970s and 1980s UNESCO’s worldwide Man and Biosphere
Programme (MaB) provided a great stimulus to overcome the large gap between
natural and social sciences. The global project number six, Man’s Impact on Moun-
tain Ecosystems, led to the Swiss National Research Programme ‘Socio-Economic
Development and Ecological Carrying Capacity in a Mountainous Region’. It had a
profound effect on mountain research in general and on an interesting collaboration
between different alpine countries in particular. Even though the expression trans-
disciplinarity was not yet known and defined, participating scientists from different
disciplines were forced to develop methods and models for a true inter- and trans-
disciplinary cooperation, as discussed in Section 3.2.

In the 1980s and 1990s the discussion about transdisciplinarity began. In the
developed world transdisciplinary research means striving for concrete problem
solving in the social and political context through cooperation between science and
society. In the developing world transdisciplinary research needs to concentrate on
certain key processes and limiting factors in cooperation with the local popula-
tion and political authorities. This concept was further developed as the so-called
‘Syndrome Mitigation Research’. This approach proposes to compare clusters of
problems linked to global change in mountain areas, in order to develop adequate
mitigation strategies towards sustainability, as discussed in Section 3.3.

In the 1990s and 2000s fragile mountain ecosystems became significant on a
global level as sensitive indicators for ‘Global Environmental and Climate Change’,
and as treasures of natural and cultural resources (water, mining, forestry and
agriculture, biological and cultural diversity, recreation and tourism). Therefore,
the ‘Mountain Research Initiative’ (MRI), a project of the ‘Global Change Pro-
grammes’, was founded. In mountain areas natural and human processes are espe-
cially closely connected and this means that inter- and transdisciplinarity have a
very special significance for mountain research and development, as discussed in
Section 3.4.
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The similarities between Fig. 3.2 as a first approach in 1978 and Fig. 3.5 as
the current global approach in 2005 is an impressive testimony to the enduring
significance of the MaB research concept that, from the beginning, called for an
integration of natural and social sciences in a problem oriented perspective.

Keywords: Mountain research · UNESCO-MaB programme · Integrated approach
natural-social sciences · Syndrome mitigation research · Global change
programmes

3.1 Background

The second half of the 20th century was a period with rapidly growing human im-
pacts on all different ecosystems of our planet. In this new century, we will probably
experience a further acceleration in the pace of environmental change, resource use
and vulnerability of societies and economies. It becomes more and more evident
that major natural processes – from the local to the global scale – are influenced
by human activities, creating a much higher degree of complexity through the in-
terference of processes which are normally studied within the domain of natural or
social sciences (Steffen et al., 2004). This implies a need to bridge the gap between
the two cultures of science in order to advance our understanding of contemporary
driving forces and their rapidly growing impacts on ecosystems, especially on the
most sensitive and fragile mountain ecosystems.

In the late 1960s outstanding strategic thinkers in UNESCO realised the growing
imbalance between human activities and the environment. As a consequence the
rather discipline oriented International Biological Programme (IBP) was replaced
in 1971 by the integrative Man and Biospshere Programme (MaB). From the 14
MaB projects, covering the main ecosystems of the world, number 6 had the title:
Man’s Impact on Mountain Ecosystems. The related research concept was created in
a workshop at Salzburg in 1973, the national activities began in Switzerland in 1976
and the research process started in 1979 as a National Research Programme, funded
by the Swiss National Science Foundation. In 1981, to mark the 10th anniversary of
the MaB Programme, an international conference: ‘Ecology in Practice – Establish-
ing a Scientific Basis for Land Management’ was organised in Paris by UNESCO.
The mountain programme was presented and introduced with the following state-
ment: ‘Man is the most important factor in the rapidly changing mountain land-
scape of today. The use of land and resources is very different in the mountains
of developing and developed countries. In both areas there is a need for basic eco-
logical research. But ecological research is not sufficient; decisions and measures
are required to bring about change in how land and resources ought to be used. In
turn, measures and decisions are not in themselves sufficient. A systems approach
is needed for promoting more fruitful cooperation among scientists, inhabitants and
decision makers. But at the same time, the systems approach is not sufficient. We
need a new thinking, and a new way of thinking needs time’ (Messerli, 1984).
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3.2 The Swiss MaB Mountain Programme – 1979–1987

More than 25 years ago, UNESCO’s Man and Biosphere (MaB) Programme had a
stimulating effect on research in the Alps and on the cooperation between different
alpine countries. After two years of preparation, the Swiss MaB Programme ‘Socio-
Economic Development and Ecological Carrying Capacity in Mountain Regions’
began in 1979, in close collaboration with the Austrian Obergurgel experiment. For
the first time a system approach was used to explore the transformation of a moun-
tain community (Obergurgel) by rapidly growing tourism (Moser, 1975). There
were three main reasons for a Swiss contribution to the MaB mountain project,
strongly supported by the federal administration:

- The European Council had launched, some years before, a campaign to create
awareness for ecological problems related to the development of tourism.

- Switzerland, as a country which was experienced in how to tackle regional de-
velopment in mountain areas, was challenged by the UNESCO initiative to make
knowledge and experience available to other countries.

- The National Research Programme on ‘Regional Disparities in Switzerland’, was
set up only one year before the MaB Mountain Programme, but the ecological
dimension was neglected in the programme design.

Financed by the Swiss National Science Foundation, about 40 research projects
from very different disciplines were initiated in four different and carefully selected
test areas of the Swiss Alps: Grindelwald, Aletsch, Pays d’Enhaut, and Davos.
Although these four regions were very different from each other in their natural,
economic, cultural and political conditions, they were all located in the Alps – in
the Swiss periphery – outside the powerful political and economic centres. Such
mountain regions are often controlled by external forces and factors which claim the
region’s resources and impact on the internal political decision making processes.
At a time in which the expression ‘sustainable’ was still unknown, the overall aim
of the research programme was to identify the external and internal driving forces,
to understand the transformation of these communities and the relationship between
inhabitants and their environment, to define desirable and undesirable structures
and processes, and finally to answer the question of how a long-term, well-balanced
development could be achieved.

Before new methods and models in general and interdisciplinary approaches in
particular are discussed, we should keep in mind the dramatic change in moun-
tain communities from the second half of the 19th to the second half of the 20th
century: without understanding the past we shall never understand the future. For
Obergurgel, for instance, Moser (1975) was able to reconstruct the situation in this
mountain village around 1860: Obergurgel could be represented as a closed system
(Fig. 3.1).

Strong and direct links between inhabitants and the natural environment and re-
sources were characteristic at this stage. Over generations the farmers had learned
the meaning of ‘sustainability’, because the system was virtually closed and
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Fig. 3.1 Obergurgel, Austria: Change from a more or less closed system around 1860 to an open
system in the recent years (Explanations see text). Modified, especially the open system, after
Moser (1975)

resources were limited. If the population increased to exceed the ‘carrying capacity’
of the area, some had to leave. In response, a strong social order was developed
to maintain the population number in balance with the livelihood capability of the
system. Under these circumstances a modelling approach would have been relatively
simple: the grassland, forest, and arable land required to support a specific number
of people could easily be calculated. On this basis it would be possible to develop a
number of scenarios (for instance climatic change or population growth) and draw
quite reasonable conclusions. However, these immediate ‘challenge and response’
relationships between a human population and its environment no longer exist, due
to the opening up of the system, and the increasing influence of external flows,
factors and forces. Figure 3.1 also represents a modified open system that can be
applied to many mountain communities in the world (Messerli, 1983). There is now
an input and output of people, capital, energy, technology, information, goods and
services in many different forms. The number of relations not only increases but also
becomes more complex due to the fact that different actors relate differently to the
land use system. Even the areas that are perceived as unproductive under traditional
rules become important for touristic infrastructure or nature conservation today.
To model such a system without knowing whether some key elements are exter-
nally or internally controlled becomes much more difficult. The ‘carrying capacity’
of the community can therefore no longer be restricted to the matter and energy
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output of the system. In view of the challenge of how to conceptualise an open
man–environment–system a rather pragmatic approach was adopted that should
allow for an investigation of basic issues:

- Which socio-economic system processes have triggered, or could trigger, funda-
mental changes in land use patterns? These processes (including their internal
and external control) should be traced.

- Which dimensions of the natural system and its components react particularly
sensitively to changes in land use?

- Which consequences for the future utilisation of the alpine living-space result
from the detected and potential changes in the natural system and its
components?

- Which aesthetic and recreational qualities convey the image of the landscape
to the various groups of actors; and which emotional ties to this living-space
influence residents’ decisions regarding land use and the behaviour and attitudes
of tourists?

The MaB research concept (Fig. 3.2 with its four relations) was drawn up from
a pure interaction logic between the natural and the socio-economic systems that
is translated and shaped by the land use patterns. It can be used to indicate the
fundamental action and reaction loops, including the influence of external factors
(relation 1). The economic, political, demographic and cultural activities emanating
from the socio-economic system do not only influence the type and intensity of land
use but also the ecosystem’s quality and services (relation 2). If the intensity of land

Fig. 3.2 Schematic representation of a regional economic–ecological system: Swiss Man and
Biosphere Programme (MaB). (Explanations see text; Messerli B. and Messerli P., 1978)
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use can be absorbed by the natural system, there will be an expected feedback to the
local economy and society in the form of harvestable goods, water supply and air
quality (relation 3). If it cannot be absorbed, the natural system will be negatively
affected (relation 4) and in response alter the land use system (relation 5) with pos-
sible consequences for the socio-economic system as well. This preliminary model
was a first attempt to clarify which fundamental relationships could and should be
investigated. It follows that this needs an interdisciplinary effort in which the land
use subsystem makes the link between the demands of society and the capacity of
nature (Messerli, 1986; Ives and Messerli, 1990).

The research process was launched from this starting point. The principal dif-
ficulty in defining related projects in the test areas proved to be the formulation
of the research questions and mandates within the contributing disciplines. In no
way did these research questions follow on from the basic issues presented above.
The general character of the problem had to be met from the bottom up with re-
search questions that were methodologically treatable by the involved disciplines.
In addition, no-one had a theoretical background and knowledge broad enough to
adequately offer a scientifically sound conceptualisation of the MaB scheme. Conse-
quently, only a step-wise approach was feasible; taking into account first, the inter-
actions between socio-economic development and land use changes and second, the
effects of these changes on the natural system and its components. Corresponding
data concepts were developed and, although today’s GIS techniques were not yet
available, this lead in two cases (Grindelwald and Davos) to spatial information
systems in which socio-economic variables were coupled with those of the natural
system. Moreover, the selection of disciplines and scientists followed a bottom-up
and top-down procedure, ensuring that all relevant competences covering the main
subsystems in the model were represented in the research teams. A good mixture
of young innovative personnel and experienced senior scientists was an additional
aspect that had to be considered.

A rough but not extreme simplification of the step-wise analysis of the man–
environment system and its relevant relationships permits three phases to be
described:

The explorative phase: This phase was characterised by the attempt to construct
an extensive database and guaranteed both resolution in time (e.g. time-series of
socio-economic development) and space (particularly for land use and ecological
information) for the entire research area. The division of labour was strongly disci-
plinary and deliberately covered all aspects of the MaB scheme.

Phase of progressive integration: The amount of information concerning each
test area increased rapidly once the first research results were available. Interdisci-
plinary cooperation started, not only because of mutual problems with data collec-
tion and with survey and analysis methods, but also in some cases spontaneously.
The application of simulation techniques led to a more systematic investigation of
existing interdependencies and to the first, admittedly incomplete, ideas of quanti-
tative modelling.

Synthesis phase: Three processes were central to project synthesis in the test
areas:
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- the operational linkages following the MaB impact analysis (socio-economic
development → land use consequences → effects in the natural system),

- the elaboration of key factors for scenario construction, and
- quantitative (simulation model) and qualitative (scenario technique) analysis of

various development paths.

At the programme synthesis level, the research results from the test areas were newly
challenged from a problem oriented viewpoint and concentrated into generalised
statements and conclusions.

Our holistic research approach claimed to consider an extensive range of topics,
so as not to restrict the research process from the start. The fundamental dilemma
of this approach accompanied us throughout, and led to a balancing act between the
holistic and reductional procedures. Since our knowledge must be illuminated from
the viewpoint of the individual disciplines, sufficiently precise research questions
are vital for actuating the research process. Once this basic knowledge is available
and the participants are accepted experts within the research group, the process of
linkage can begin and must be supported by formalised aids to communication (e.g.
information systems, quantitative models, scenario techniques). It is dangerous to
degrade the disciplines to mere suppliers of data from the start, for their specific
knowledge builds on an implicit understanding of the system and should be skil-
fully used.

The lack of high-level theory concerning the essential relationships in a man–
environment system is also an expression of the differing ways in which the
problems under consideration are regarded from natural- and social-scientific view-
points. Every attempt to devise a comprehensive model is immediately halted by this
deficit and by an oversupply of theoretical concepts for the individual subsystems
in the MaB model. Consistency cannot be obtained: this leaves only the pragmatic
approach which concentrates on the operational linkage of the different subsystems.
In the research process, this state of affairs is manifested in a continuous balancing
act between theoretical and data-controlled approaches.

The linkage of the various subsystems primarily conflicts with the problem of
aggregation. The relationships modelled in the economic and socio-cultural systems
must produce outputs which are relevant to land use, so that land use alterations can
be incorporated into the natural system. Conversely, the information supplied about
the natural system, the landscape and the quality of life must be able to be absorbed
from the socio-economic system as inputs relevant to action and behaviour. The
complete operationalisation of this flow of information between the socio-economic
and natural systems leads towards micromodelling, a process which we were not
able to accomplish. Our pragmatic approach led to a two-stage problem resolution,
through the reasoned combination of the socio-economic development scenarios in
aggregated form with the spatial land use scenarios in a spatial resolution, which
allowed for impact analyses.

Figure 3.3 shows the final MaB approach for formulating long-term strategies.
The different levels represent different stages of knowledge and knowledge inte-
gration. Simulation models fulfilled a double function in this respect. During their



50 B. Messerli, P. Messerli

Fig. 3.3 Further developoment of the MaB–model through different levels of contents and methods
in order to reach a satisfactory base for scenarios, strategies and decision-making (Messerli P.,
1986)

construction they stimulated the research process by provoking new research ques-
tions, by discovering data gaps, and by challenging linkage hypotheses. During the
application stage, the models produced indispensable quantitative data structures for
various development paths, including that of changing land use patterns, as basic
information for the impact assessment. Scenario techniques were applied to analyse
the pathways to alternative futures of the man–environment system. If each scenario
gives a possible yet very strongly idealised picture of the future, there is an essential
gain in strategic knowledge that allows for a choice between different paths and
policies (Messerli, 1989).

In order to illustrate how the research process was continued in a transdisci-
plinary second step, we focus on the MaB project Grindelwald, from 1986 until the
present, which is the most comprehensive study with a well defined implementation
phase.

Grindelwald lies close to the highest summits of the Bernese Alps offering a
spectacular landscape and winter sport opportunities initiated by British pioneers as
early as the 19th century. The official inauguration of the railway to the Jungfraujoch
(3,454 m above sea level) in 1912, may be a symbol of this first boom of tourism.
Other astonishing projects to reach the mountain tops (e.g. Wetterhorn, Jungfrau)
failed with the commencement of the First World War. Due to this long experience
of tourism and economic development outside agriculture, and because the fast ex-
pansion of the winter sport infrastructure had major impacts on the natural systems
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and the landscape, the MaB research project was very welcome and was supported
by the local authorities and population.

However, some scepticism from local stakeholders was also addressed by the
project for two reasons: scepticism against scientific knowledge far removed from
their own life-experience; and scepticism against any revelation of findings that
could damage the image of the resort.

Due to this ambivalent attitude of the locals, the research team decided to limit
the presentation of the project findings during the field research phase, because
of its complex nature. Two articles in the local newspaper concerning tourists’
critical appraisal of the transport infrastructure and the sceptical attitudes of the
residents towards immigrants attracted attention and raised the level of discus-
sion about the project. However, once the research process came to an end, an
official invitation was received to present the main findings in the assembly hall
of the commune. And this was the real beginning of a well concerted interac-
tion between scientific experts, local authorities, and stakeholders. This interaction
shows all the characteristics of a transdisciplinary process, i.e. the confrontation
and integration of scientific conceptual knowledge with everyday contextual knowl-
edge. An abbreviated summary of the main activities is presented next. Following
Wiesmann (2001):

1984–1987: Based on the results of the MaB Programme, the community of
Grindelwald initiated a participatory process in order to formulate certain policy
guidelines. This process involved all inhabitants and more than 70 local institu-
tions of the civil society. Members of the MaB research team acted as resource
persons. This attempt resulted in policy guidelines, ‘Grindelwald 2000’, that explic-
itly formulated long-term goals covering the environmental, the socio-cultural and
the economic dimension of sustainability. The goals were addressed to all relevant
stakeholders. The resulting guidelines, ‘Grindelwald 2000’, can be seen as a first
realisation of a ‘Local Agenda 21’ in the Alps.

1986–2000: Governmental and non-governmental organisations of Grindelwald
developed and implemented measures compatible with the policy guidelines. A
key concern thereby was to break the structural forces that endanger the positive
balance between tourism, agriculture and the environment. Of utmost importance
were measures in the following four fields: controlling investments in the trans-
port sector, steering and channelling building investments without endangering the
labour market, reviewing the village and landscape planning and diversifying supply
components in tourism.

1999–2001: The community commissioned the former MaB research team to
scientifically monitor the present situation according to the political guidelines. The
community evaluated the achievements of the goals and their priorities. This assess-
ment disclosed that the guidelines were generally successfully implemented, with
a broad range of predominantly positive direct and indirect effects. However, the
evaluation also led to the conclusion that the time had come to reconsider the goals
set for the sustainable development of the community as some of the goals had
become obsolete and a new generation had taken the political lead.
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2005: The local government of Grindelwald decided to prove the adequacy of the
political guidelines with respect to a balanced development path that meets ecolog-
ical, economic and social interests and which change over time.

This short description of the continuing political–scientific reciprocal learning
process for quantitative growth shows very clearly how innovative political author-
ities and an actively participating population can use scientific knowledge for the
benefit of their future development. The Swiss MaB Programme has led to advances
in the theory and practice of human–environment research in other mountain re-
gions of Europe, Russia and Africa (Price, 1995) as will be stated in the following
chapter. If the Man and Biosphere Programme encouraged many new initiatives for
interdisciplinary research with the goal of acquiring action oriented knowledge for
sustainable development, it inevitably promoted transdisciplinary research where
local and regional stakeholders had to be addressed. The involvement of non-experts
became a prerequisite in order to link two sorts of knowledge: conceptual scientific
knowledge and contextual knowledge from real-life experience.

3.3 The Need for Transdisciplinarity in the Developing
World Context – Since 1986

Fieldwork on highly specialised topics began in the mountains of Africa in the late
1960s, but integrated projects with natural- and social science components only
started in the 1980s and reached an initial culmination with the first conference on
African mountains and the foundation of the African Mountain Association in Addis
Ababa 1986 (Messerli and Hurni, 1990). Research projects in the African context,
for example on the critical problem of soil erosion in the mountains and highlands
of East and North Africa, clearly revealed that pure natural science approaches
were of little help when striving for counter measures that could be implemented
locally. Without understanding the demographic, social and economic conditions of
the local population, the process knowledge about soil erosion and derived technical
solutions remain outside the harsh realities of everyday life. Moreover, fieldwork in
the mountains of tropical and subtropical Africa made it clear that in a context of dif-
ficult and unstable political conditions, where people struggle for survival, the MaB
model approach, which had been developed in the socio-economic context of well
developed alpine communities, had to be adapted to the developing mountain world
with its extreme problems of land degradation, water scarcity, population growth,
poverty and even hunger. FAO (2002) estimates the total number of mountain people
at 718 million in the year 2000. Of these, 625 million live in developing countries.
Based on information currently available FAO estimates that more than half of the
mountain population in the developing countries, in the range of 250–370 million
people, are vulnerable to food insecurity. This again can increase the pressure on
the natural resources and the highly vulnerable life support system. Therefore, the
researchers are forced to set priorities and to start emergency actions in partner-
ship with the local population, as soon as the key processes and the limiting factors
are clearly identified. Moreover, the gained knowledge must be introduced into the
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decision making processes at all levels from political authorities to the individual
farmer (Messerli et al., 1988). The important experience from a development context
that implies immediate actions is reflected in the modified MaB model (Fig. 3.4),
being the basic concept of man–environment research as it emphasises the need to
restrict the systematic to a pragmatic approach and to involve the decision makers
at all levels right from the beginning of the project.

For the developing world the focus on priority problems or key processes became
a common basis for research on development. However, a next step to conceptualise
the hypothesis that environmental problems appear in typical clusters or syndromes
led to the so-called ‘syndrome mitigation research’. The term syndrome of global
change was borrowed from the ‘German Advisory Council on Global Change’,
which first looked at combinations or clusters of problems of non-sustainable devel-
opment. The Swiss ‘National Centre of Competence in Research (NCCR) North-
South’ revised the German version, which was criticised for focusing solely on
the negative aspects of development. Therefore, the priorities are: innovative ap-
proaches to mitigate syndromes, participatory and sustainability oriented research,
and normative dimensions of sustainability. This new perspective in ‘syndrome mit-
igation research’ envisages three main goals (Hurni et al., 2004; Messerli et al.,
2005):

- To promote disciplinary, interdiscplinary and transdisciplinary research focusing
on sustainable development (‘transdisciplinary’ in this context is understood as
an approach based on collaboration with local people that takes in account their
rich traditional knowledge),

Fig. 3.4 Adapation of the the MaB-model to the conditions of the mountains and highlands in
Ethiopia. Key processes and limiting factors determine transdisciplinary and integrated approaches
(Hurni in Messerli et al., 1988)
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- To help develop institutions and train staff in these fields of research, in partner
countries and in Switzerland,

- To support societies and institutions in partner countries in their autonomous
efforts to address syndromes of global change over the long term (Hurni et al.,
2004).

Today the syndrome mitigation programme is working worldwide in nine regions,
seven of them being in developing countries: East Africa, the Horn of Africa, Central
Asia, South Asia, the Mekong Region, Central America and the Andes. In order to
find out whether or not core problems in all the mountain regions were of a similar
kind and complexity, representatives of the local population, national institutions
and foreign experts were invited to evaluate the situation. As a result, similar core
problems could be identified in these different mountain regions. This means that a
comparable approach focused on the mitigation of these worldwide common prob-
lems can make a real and true contribution to Global Change Research.

In retrospect it is remarkable to notice how the theory driven approach, repre-
sented in the original MaB model, shifted towards a more problem oriented and
action driven approach. In the mountain context of Africa the shift was towards the
global syndrome mitigation approach. The methodological rigor of the syndrome
approach lies in its comparative component, partially realised already in the MaB
mountain programme (Price, 1995; Funnell and Price, 2003) and now systematically
included in the research design of each local project, allowing for the verification of
the existence of certain types of syndromes in connection with global change.

According to our understanding, transdisciplinary research, as it was defined by
Thompson Klein et al. (2001), has a much longer tradition than indicated by the
use of the term, which only became popular in the 1990s. In the 1970s, when the
concept for the different UNESCO – MaB Programmes were developed, the words
‘transdisciplinarity’ and ‘sustainability’ did not yet exist. Nevertheless, the partici-
pation of the local population, political authorities and technological experts was an
important element in all the programmatic guidelines. However, since the late 1980s
the differentiation between inter- and transdisciplinary projects began to evolve as
it is discussed and ultimately defined in the introduction to this book.

3.4 Global Change and Mountain Research Since 1992

Although UNESCO’s MaB Programme covered the main ecosystems on Earth and
the growing impact of human activities on the environment, it was not a global
programme in the present understanding of global change research. During the sec-
ond half of the 1980s and the 1990s, the scientific community was forced to take
new responsibilities by creating new structures and organisations to follow the rapid
progress of economic globalisation, urbanisation and industrialisation and their con-
sequences for climate and the environment, from the local to the global scale. The
International Council of Scientific Unions (ICSU) decided in 1986, during a General
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Assembly at the University of Bern, to start the natural science dominated Inter-
national Geosphere – Biosphere Progamme (IGBP). This emphasis on the natural
sciences created exactly the same difficulties as had occurred 10 years earlier in the
MaB Programme. In a similar way the early preparation of the MaB Programme in
the Swiss Alps was dominated by natural scientists and it was very difficult to moti-
vate scientists from the social, economic, legal and cultural disciplines to cooperate.
Without discussing the reasons for these different attitudes, the MaB committee had
to overcome these difficulties in order to meet the challenge of a problem oriented
research approach. A solution was possible on the national level under the defined
setting of the Swiss National Science Foundation and the competent leadership
of a multidisciplinary team of experts. On the global level, it took 10 years from
the foundation of the IGBP (1986), before the International Social Science Coun-
cil (ISSC), in cooperation with ICSU’s IGBP, followed up with the foundation of
the International Human Dimensions on Global Environmental Change Programme
(IHDP) in 1996 – thanks to strong support from the German government and an
efficient headquarters in Bonn. It was a pity that during those 10 years, mainly due to
insufficient funding, an attempt to start such a human dimension programme failed
in Switzerland.

The real breakthrough for the mountains as a global topic was the so-called
‘Earth Summit’ in Rio de Janeiro (1992), which included the chapter ‘Managing
Fragile Ecosystems – Mountain Sustainable Development’ in the Agenda 21. Five
years later at the special UN–General Assembly in New York (1997), supported by
UNU and UNESCO, began a new period for mountain research and development
(Messerli and Ives, 1997). The necessary awareness of the significance of mountains
as sensitive indicators of natural and human induced global change and as treasures
of natural and cultural resources for highland and lowland populations was not only
sufficiently established and continuously growing, but culminated in three events or
initiatives:

- The International Year of Mountains (2002), was announced in order to raise the
awarenesss of the global public and formulate a global policy for the problems in
the mountains of the world.

- The International Mountain Partnership (2002) with its secretariat at FAO in
Rome, was founded in order to create a cooperation between different countries
for concrete problem solving.

- The Mountain Research Initiative, with its secretariat in Switzerland and sup-
ported by the Swiss National Science Foundation, was founded in order to or-
ganise the scientific community for a transdisciplinarity global change research
programme in the mountains of the world (Becker and Bugmann, 2001; Huber
et al., 2005).

These three events represent by their connection a certain transdisciplinarity. Look-
ing back over the time from the first publication of the MaB model in 1978 to
the Global Change Programmes of today, it would be interesting to know if cer-
tain ideas remained the same or whether everything changed. With this question in
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mind, it was a great surprise to see the most recent science plan and implemen-
tation strategy of the new IGBP/IHDP Global Land Project (GLP, 2005), which
is replacing the Land Use – Land Cover Project (LUCC, 1995). The main aim
of this new research programme is to improve the coupled human–terrestrial en-
vironment system in the context of the Earth system functioning. Figure 3.5 is the
leading diagram of GLP, showing the analytical structure of this new programme.
It is astonishing to recognise a great similarity between this and the first MaB
model in Fig. 3.2. The system structure and the system interactions are almost
the same; however, there has been great progress in the modelling of those in-
teractions and processes since the 1970s and 1980s. In addition, the studies of
natural and human induced driving forces create a new understanding of interac-
tions from the local to the global scale. All the same, it is interesting to see a
similar structure for an integrated transdisciplinary research approach for the MaB
Programme on the local level and 27 years later for the GLP programme on the
global level.

Fig. 3.5 Global Land Project (GLP) of IGBP and IHDP. The leading figure for the science plan
and the implementation strategy (GLP, 2005)
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Not only do we have to consider the extension from the local to the global level,
but also the development from inter- to transdisciplinarity in this time period. This
looks very different. In almost all series of Global Change publications, interdisci-
plinarity is used not only for the cooperation between different disciplines, but also
for the participation with actors outside academia in general or with experts and
political authorities in particular. This simplified and generalised use of the term
interdisciplinarity may show that the clear definition of inter- and transdisciplinarity
is not of special interest in a global collaboration. It is much more important to
focus on the cooperation between natural and human sciences and on disentangling
natural and human driving forces. But it is evident, solutions are not possible with-
out cooperation, without a common language and without integrated approaches.
For the MaB Programme it was the same: interdisciplinarity was understood to be
a cooperation between disciplines and with actors and participants outside science;
because the study of a certain test area in order to develop an economic–ecological
long term strategy needed the cooperation with the local population, experts and
opinion leaders. The definitions for inter- and transdisciplinarity are today clearly
formulated and accepted (Thompson Klein et al., 2001). Although the MaB Pro-
gramme did not yet know and the Global Change Programmes did not care, both
used transdisciplinary approaches and methods. For both programmes, different in
time and different in scale, it was clear that integration was not the same as sum-
mation. Moreover, most decisions about the environment include human values and
beliefs. The understanding or predicting of sustainability needs an identification
of the characteristics of resilient systems and it needs dynamical relationships be-
tween knowledge production, policy formulation, and decision making (Wasson and
Underdal, 2002).

3.5 The Development of Inter- and Transdisciplinarity
in the Last 30 Years

In the executive summary of a recent IGBP synthesis with the title ‘Global Change
and the Earth System, a Planet under Pressure’, Steffen et al. (2004: 2) wrote: ‘The
interactions between environmental change and human societies have a long and
complex history, spanning many millennia. They vary greatly through time and
from place to place. Despite these spatial and temporal differences, in recent years
a global perspective has begun to emerge that forms the framework for a growing
body of research within the environmental sciences. Crucial to the emergence of
this perspective has been the dawning awareness of two fundamental aspects of
the nature of the planet. The first is that the Earth itself is a single system, within
which the biosphere is an active, essential component. Second, human activities
are now so pervasive and profound in their consequences that they affect the Earth
at a global scale in complex, interactive and accelerating ways; humans now have
the capacity to alter the Earth system in ways that threaten the very processes and
components, both biotic and abiotic, upon which humans depend’. This statement
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by one of today’s leading scientific communities confirms the challenge that the
MaB Programme had taken up as early as the late 1970s. In retrospect the scientific
community concerned with environmental change and development processes in
mountain areas had already travelled a long way along the track towards a transdis-
ciplinary approach, integrating conceptual knowledge from different disciplines and
contextual knowledge from relevant stakeholders and decision makers.

The Swiss MaB Programme was typically theory driven, aiming to produce sys-
tem knowledge about the interaction of socio-economic development and environ-
mental change. The integration of analytical knowledge from the engaged disci-
plines was mainly done by modelling approaches on different levels of data aggre-
gation. When the system dynamics came to be understood by the scientific body, the
problem perception of the stakeholders and decision makers came into play in order
to elaborate targets and action plans in a transdisciplinary process, followed by the
implementation of a monitoring system.

The African Mountain Research was problem- and action driven right from the
beginning. It started with the identification and analysis of key processes that ac-
counted for the severe environmental degradation. The MaB concept served only
as a reference at this stage of the process, looking for straightforward actions in
order to stop the deteriorating land use practice (e.g. Food for Work Programme).
However, we know that the effects of these short term actions were not sustainable
because they neglected the institutional framework and the external constraints of
the local stakeholders. This insight led to the development of a multilevel and multi-
stakeholder approach in the follow-up period of the project. It has been learned that
the behaviour logics and the internal and external constraints of all relevant stake-
holders must be taken into account right from the beginning. Target knowledge and
behavioural knowledge therefore became an integral part of the transdisciplinary
approach as it is manifested in later concepts.

Global Change Research in Mountain Areas aims to extend the ‘option space’
(development alternatives) for local and regional stakeholders in response to the en-
vironmental and socio-economic challenges of global change. Again this approach
is problem- and action driven, and based on the challenges and problems as they
are perceived by the local population. Target and action knowledge (Fig. 3.6 and
Fig. 3.7), and a clear participatory orientation, become as prominent as system
knowledge in this final stage of the research scheme (CASS-ProClim, 1997).

If we synthesise our experience with the man–environment research in moun-
tain areas from the early and local MaB projects to the recent and global Mountain
Research Initiative (MRI) within the framework of interdisciplinary and transdisci-
plinary research explored in the CASS-ProClim (1997) document (Fig. 3.6), which
became a standard in the field, then the step by step progress becomes quite visible
and indicative. However, this does not mean that the methodological and methodical
challenges of knowledge confrontation and integration are already solved satisfacto-
rily. Nevertheless, the World Social Science Report emphasises: ‘The convergences
between natural and social sciences becomes greater to the degree one views both as
dealing with complex systems . . .’ (UNESCO, 1999). This can be seen as common
ground to bridge the gap.
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Fig. 3.6 Types of knowledge in an transdisciplinary context (slightly modified: ‘Action Knowl-
edge’ instead of ‘Transformation Knowledge’, CASS-ProClim, 1997)

The World Conference on Science in Budapest (1999) stated in the final Decla-
ration on Science and the Use of Scientific Knowledge: ‘Greater interdisciplinary
efforts, involving both natural and social sciences, are a prerequisite for dealing
with ethical, social, cultural, environmental, gender, economic and health issues’
(UNESCO-ICSU, 2000). But it is a matter of fact that the scientific communities
have frequently found it difficult to form a clear distinctive definition and under-
standing of successful collaborative research between different disciplines in re-
lation to Global Environmental Change. In the search for ‘best practices’, new
experiences should be more systematically evaluated and reflexively proved. The
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60 B. Messerli, P. Messerli

international science organisations have the responsibility to call for more collabo-
rative research because we are more and more frequently confronted with problems
of a cross-cutting nature and the scientific community has the responsibility to find
answers to this rapidly growing challenge.

3.6 Recommendations

- The distinction between theory, problem and action driven research, is justified
in view of different kinds of knowledge production. Problem driven research
includes target and transformation knowledge, whereas theory driven research
aims at system knowledge by conceptualising how systems function and behave
(Fig. 3.6 and Fig. 3.7).

- Knowledge integration across disciplinary boundaries requires a common con-
ceptualisation of the research objects and questions in order to find a common
language that structures the new field of discoveries. Interdisciplinary research
creates an added value for all related disciplines.

- Transdisciplinary research requires an additional step in knowledge integration
in order to make use of generalised conceptual knowledge in a specific societal
and environmental context. Transformation and translation processes between
researchers and stakeholders outside academia require intensive and time con-
suming interactions.

- Funding agencies are normally not prepared to cope with these new kinds of
research proposals, which require a different pool of expertise and new eval-
uation procedures. Special funding is necessary to keep out competition from
established disciplinary research. However, best practices need to be established
in this field by learning on the job using the peer review procedures.

- The MaB Programme postulated and launched a new standard for environmental
research, which has been, and which will be crucial for the ongoing changing
environment and for the future management of ecosystems and limited natural
resources. This new standard is broadly accepted in the scientific community and
by the funding agencies. The breakthrough, however, depends on a new research
generation which is able to establish a new research tradition and which is fully
supported by the research agencies.

- In the framework of IHOPE (Integrated History and Future of People on Earth)
and the Global Change Programmes it was said: ‘It will be necessary to con-
tinuously incorporate the perspectives of non-disciplinary experts. These stake-
holders include policy makers who must formulate and justify frameworks for
future development, resource managers who must interpret and implement those
frameworks and ultimately the communities who will either suffer or benefit from
these policies and decisions’ (Leemans and Costanza, 2005). This means, any
comprehensive analysis of the causes and consequences of global change must go
beyond scientific and economic considerations (O’Sullivan, 2004; Steffen et al.,
2004).
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Fig. 3.8 Key elements of disciplinary, interdisciplinary and transdisciplinary contributions to
mountain research from the local to the global level

Finally Fig. 3.8 tries to illustrate and synthesise the development from the local MaB
model to the environmental change approach, by integrating the natural and human
system with their driving forces, specific resources and important values to produce
better information, education, policy and management towards sustainability.
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Chapter 4
Sustainable River Basin Management in Kenya:
Balancing Needs and Requirements

Boniface P. Kiteme and Urs Wiesmann

Abstract Many research initiatives worldwide are established with the aim of
explicitly contributing to sustainable development efforts within their respective
contexts. Transdisciplinarity is one of the basic principles used to achieve this aim.
In practice, however, this has remained a daunting task for many institutions, espe-
cially those focusing on sustainable natural resources management. This is partly
due to a number of factors: a limited timeframe of operation; limited scope of work
and implementation methodology, which are critical to ensuring broad disciplinary
coverage and multistakeholder involvement; and use of approaches that do not guar-
antee integration of, or ensure responsiveness to, changing ecological processes and
socio-economic, cultural and political landscapes.

This chapter presents an example of transdisciplinarity based on 25 years of con-
tinuous research in the upper Ewaso Ng’iro north basin on the north-western slopes
of Mount Kenya. The chapter describes how this research programme, which aimed
to contribute to integrated river basin management, was furnished with structures
and apparatus that helped to navigate the transdisciplinarity process through the
limiting factors listed above. The chapter shows how the research facility evolved
from a district and project planning support institution, based on needs, to a region-
ally oriented and integrated facility addressing the requirements of sustainability.
Projecting on the basis of long-term implications of changes in ecological processes
and socio-economic and institutional dynamics on water availability, research ac-
tivities were embedded in a multilevel, multistakeholder transfer strategy to ensure
integration of scientific and local knowledge systems and long-term ownership of
preferred interventions. In conclusion, the chapter lists seven recommendations on
salient issues of transdisciplinary research.
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4.1 Background

The upper Ewaso Ng’iro basin is part of the Mount Kenya highland–lowland system
located to the north–west of Mount Kenya; dropping from 5200 m to an average
elevation of 1000 m at the Laikipia Plateau and the Samburu Lowlands, it cov-
ers an area of about 15,200 km2 and has a population of about 800,000 (Kiteme
and Gikonyo, 2002). The basin falls within an overlapping administrative structure
consisting of three provinces and seven districts under a multitude of decision mak-
ing structures in a framework of complex and weak institutional arrangements. The
basin is characterised by highly diverse ecological systems and zonal differentiation
with a steep ecological gradient: precipitation levels drop from over 1000 mm in the
tropical rainforest belt to below 500 mm, less than 30 km to the north (Liniger et al.,
1998; Kiteme and Gikonyo, 2002).

The basin has, in the past century, experienced unprecedented population dynam-
ics and dramatic land use transformation: pastoralist use at the beginning of the 20th
century was superseded during colonial times by large-scale farming and ranching
(Kohler, 1987; Kiteme et al., 1998a) causing the population to drop by almost 50%
(Wiesmann, 1998). After Independence in 1963, agropastoral communities from
high-potential areas immigrated into the region, causing the population to increase
by a factor of 10 over the next 40 years (Wiesmann, 1998). At the same time small
and medium urban centres grew in importance, and in recent years large-scale hor-
ticultural enterprises have been established in the footzone (Kiteme and Gikonyo,
2002; Liniger et al., 2005). These dynamics resulted in (1) settlement processes
that gave rise to a multistakeholder society and (2) human induced ecological pro-
cesses leading to an increasingly degrading natural resource base, as exemplified by
chronic water scarcity and the resultant recurring (sometimes violent) user conflicts
experienced in the last decades.

The evolutionary process of transdisciplinary research in our project can be
traced through six distinct phases defined by the main research focus and key stake-
holders involved in each case:

- The first was a pre-phase, preceding Laikipia Research Programme (LRP) that
ran from 1976–1984 and consisted of explorative research and baseline surveys
in an attempt to ‘crack the surface of the nut’. Research at the time focused on
the Mount Kenya region and was purely an academic venture serving university
interests. However, a thinly veiled ethical impetus by some of the participating
scientists triggered the question of the application of research findings.

- Based on the results of the prephase, Phase 1 (1984–1988) marked the formal
establishment of the Laikipia Research Programme as an arm of the Laikipia
Rural Development Programme (LRDP), the key stakeholder defining research
and development needs at the district level. Needs from other stakeholders were
reflected through the LRDP. This phase involved more baseline surveys leading
to a good understanding of people’s development needs and constraints.

- The second phase (1989–1993) was characterised by a ‘breakaway’ from the
LRDP and a significant shift in focus from needs to requirements for
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sustainability. This shift resulted in reorganising the approach and scope of
research, based on conceptual considerations of sustainability. While the Laikipia
district was retained as the main area of focus, a regionally oriented and inte-
grated research approach with a broader topical scope was adopted. The high-
light of this phase was the balancing of needs and requirements for sustainability
through the formulation of the Water Development Plan for Laikipia district. The
spectrum of stakeholders broadened as well to include more government and
university departments, development agents, and the civil society.

- The third phase (1994–1998) focused on consolidation of research results (syn-
thesis and transfer), coupled with additional in-depth studies in natural sciences
(Natural Resources Management, NRM) and social sciences (Actors Strategies
and Perception in Natural Resources Management, ASP) to help answer emerg-
ing new research questions, especially at the basin level. Results from these stud-
ies, in turn, created a better understanding of the potential for a new cycle of
synthesis, as well as areas for training and transfer. The main transfer strategy
was the basin-wide water awareness creation campaign targeting key actors in
the upper Ewaso Ng’iro north basin.

- The fourth phase (1998–2002) continued the efforts initiated in the third phase,
primarily balancing needs with the requirements for sustainability by embed-
ding the campaign strategy into grassroots institutions in the form of Water
Users’ Associations in the basin, developing structures to close the loop to uni-
versity training, international exchange, new syntheses in the basin, and exten-
sion of lessons learnt and of approaches to other regions in the country. The
fourth phase was therefore a phase of transition towards national research and
training.

- The fifth phase (post 2002) began with the establishment of the Centre for Train-
ing and Integrated Research in Arid and Semi Arid Lands Development (CE-
TRAD) in 2002, with the mandate to build technical and professional capacities,
and develop an integrated database for sustainable development in the Arid and
Semi-Arid Lands (ASALs) of Kenya.

These phases will be discussed in the following sections under the points of fo-
cus of (1) who defines research, (2) how it is linked to society, and (3) how it
is used.

4.2 Genesis of Research in Mount Kenya Region: University
Research Related to Global Change

Research activities in the north-western slopes of Mount Kenya date back to the
mid-seventies when the initial explorative investigations were conducted by research
scientists from the Institutes of Geography of the Universities of Bern and Nairobi.
These explorative studies covered areas such as forest resources, historical and
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natural differentiation of rural space around Mount Kenya, afro-alpine and
periglacial belts, and soil temperatures and precipitation, as a basis for climatic–
ecological zonation of tropical mountains (Kohler, 1977; Winiger, 1979), among
others. This explorative work was driven by the need to understand the trends of
global change, and the research agenda was therefore set at senior research level.

Further studies of hydrology, land resources, land use and land ownership in the
early 1980s continued to raise the issue of a potential unsustainability problem in
the region, triggering the question of how to apply the research results in order to
forestall the problem (Speck, 1982; Pestalozzi, 1983; Leibundgut, 1983; Decurtins,
1992). The study results were synthesised into a comprehensive documentation of
the ecological and socio-economic situation in Laikipia district. This provided the
initial basis for systems knowledge in the region. At this level of research, students
shifted their focus to ‘real world problems’.

4.3 Research for District and Project Planning

Study results from the prephase contributed to the formulation of a project outline
for a rural development project west of Mount Kenya (Laikipia district), and formed
the basis of a preliminary report to the mission of the Swiss Technical Cooperation
in early 1983 (Winiger, 1983), which in turn, informed the decision to initiate techni-
cal cooperation between the governments of Switzerland and Kenya by establishing
the Laikipia Rural Development Programme (LRDP) in 1984.

Experience from the initial operations of the LRDP in an area characterised by
rapid ecological and socio-economic dynamics finally shaped the decision to es-
tablish a research facility to support project planning and implementation in the
district (Wiesmann, 1991); this led to the establishment of the Laikipia Research
Programme (LRP) in 1984. The research agenda of the LRP was thus naturally
determined by the needs of the LRDP as the primary stakeholder client. Research
orientation and the research approach were embedded in the LRDP’s key areas of
focus: water; agriculture (crops and livestock – small ruminants); small-scale en-
terprises and village polytechnic; self help groups and social services. Integrated
regional baseline studies were carried out to provide baseline information on topog-
raphy, agro-climatic zones, rainfall, hydrology, soils, vegetation, dominant systems
of land use, the road network and other infrastructure, rural and urban centres and
their functions, self-help groups and their characteristics, and other attributes. This
database further enhanced existing systems knowledge and helped to create a better
understanding of people’s development needs and constraints (target knowledge).

Considering the impacts of the drastic land use transformation on natural re-
sources, and owing to the great importance of water problems in Laikipia, water
became the main issue on the development agenda in the district. Consequently,
the awareness creation campaign initiative launched on the basis of information
generated from the baseline studies targeted water undertakers and user groups at
the institutional and community levels. The campaigns, implemented jointly by the
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research team and personnel from the Department of Water, succeeded in raising
people’s awareness of water resource problems in the district, thereby persuading
decision makers to redirect development efforts towards the water sector. Research
interventions therefore focused on water development planning for Laikipia district,
with an emphasis on enhancing water supply systems to meet the rapidly growing
demand for domestic, agricultural and urban development.

4.4 Shift from Need Oriented to Requirement Oriented Approach

Before going into the discussion of how the focus of the approach shifted from needs
to requirements, the terms ‘needs’ and ‘requirements’ shall be briefly clarified. On
the one hand, ‘needs’ are understood as development goals that are explicitly or
implicitly expressed by one or several stakeholder groups in the context of sustain-
able river basin management; for example, water needs of different users for do-
mestic, agricultural, livestock, or industrial purposes in the basin can be quantified
and specifically stated. On the other hand, ‘requirements’ are development goals
that are normally not expressed by any single stakeholder group, but derived from
conceptual and ethical considerations and negotiations. This can be exemplified by
considerations to achieve equity of water distribution among different user groups
from a spatial perspective; or the requirement that optimal water use fulfil current
needs without compromising the capacity to fulfil the needs of future generations.
Therefore, sustainability can only be realised if the focus is on both ‘needs’ and
‘requirements’; focusing on one alone is not enough.

Having clarified the definition of the two terms we now continue to elaborate the
developments of the second phase. In this phase, baseline studies (systems knowl-
edge) created a better understanding of the problem and people’s development needs
and aspirations (target knowledge), thereby influencing investment designs and pri-
orities (transformation knowledge). This necessitated a Water Development Plan
for Laikipia district that was based on the principles of sustainability; however, the
realisation of such a plan could not be guaranteed using the research approach and
focus as set up in this project phase. Sustainability requirements cannot be based
on demand alone; they call for broader conceptual consideration which should also
include stakeholders who may not fall within the formal political and local leader-
ship structures. It was therefore necessary to move away from the LRDP’s needs
orientation and shift to requirements orientation by reorganising the research ap-
proach and scope based on conceptual considerations of sustainability: while retain-
ing Laikipia district as the main area of focus, a regionally oriented and integrated
research approach with a broader topical and geographical scope was adopted.
The spectrum of stakeholders was broadened as well to include more university
departments, development agents and the civil society.

As a consequence, the integrated regional database developed in phases 1 and 2
was transformed into a comprehensive Geographic Information System (GIS) with
additional baseline information such as population and demographic development,
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migration trends and household characteristics, water resources and water supply
systems, and many others, thereby further enriching the systems knowledge. Mean-
while the LRP was integrated into the district’s decision making and planning struc-
tures (the District Development Committee (DDC), the District Executive Commit-
tee (DEC), and the District Planning Unit (DPU)) in order to provide a platform
for knowledge sharing and mutual learning among researchers and development
agents in the district. Interaction with government and non-government departments
through these institutions continued to provide the research team with useful in-
sights into the nature of development problems in the district that required research
intervention.

Laikipia district is very diverse in terms of ecological, socio-economic and
cultural characteristics, and the established planning and decision making units
(administrative or political units) are not identical with the relevant environmen-
tal/ecological units. This called for the definition of a common spatial data structure
in order to create a basis for integration and general application. Therefore, the
baseline data sets were developed into a database which contains comprehensive
and relevant disaggregated baseline information on over 250 planning (spatial) units
delineated using an agreed criterion of homogeneity (Wiesmann, 1998). The various
baseline data sets were then assigned to the planning units which became important
reference units for development interventions.

Using the baseline information and based on the delineated planning units, a
District Water Development Plan for Laikipia district was elaborated. The plan
identified priority areas where water supply projects could be implemented within
three to six years, thereby optimising the impact of water development in the district
with a view to long-term rational utilisation of the natural and capital resources
for domestic, livestock and agricultural purposes in the rural areas. The Water De-
velopment Plan was elaborated jointly by the research team, relevant government
ministries and departments (district development, water development, local authori-
ties, local administration), and a support team of hydrology experts. The communi-
ties participated in setting the priorities among supply needs for different purposes
(Leibundgut et al., 1991). The real innovation in this process was the combination
of top–down and bottom–up approaches: the top–down approach provides an in-
strument of rolling planning, which is supplemented by participatory approaches to
planning and realising concrete projects within the identified priority areas. The plan
was adopted and the local communities implemented the intervention proposals with
support from the government, donor agencies and development partners, such as
the Swiss Agency for Development and Cooperation (SDC), Dutch Funded ASAL
Programme-Laikipia (DGIS), the Catholic Church Aid (CARITAS), and World
Vision, among others.

In this phase, the water development planning process serves to articulate how the
three knowledge systems applied in the context of Laikipia district: systems knowl-
edge provided an understanding of the ecological and socio-economic dynamics;
target knowledge was used to project water demands for domestic, agriculture and
livestock uses; and transformation knowledge was applied when identifying priority
areas and designing intervention strategies.
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4.5 Broadening the Research Scope and Consolidating
Outputs for Transfer

4.5.1 Broader Topical and Geographical Scope to Respond
to Sustainability Requirements

As alluded to in the concluding remarks of the last section, the Water Development
Plan for Laikipia district concentrated on solving existing problems: identifying
target areas and setting priorities based on needs, with a view to improving wa-
ter supply to meet the rapidly growing demand in the district. This approach to
water development planning, although comprehensively addressing the problem of
water supply as well as sustainability requirements at the district level, did not take
account of the potential implications of hydro-meteorological and socio-economic
dynamics on long-term water availability at the basin level. Three key research ques-
tions emerged from this realisation: (1) What are the long-term effects of climate
change and land use changes in the upper reaches of the catchment on hydrological
conditions in the entire basin? (2) What are the strategies and perceptions of the
different actor groups in the regional contexts? (3) What are the existing institutional
arrangements for resource management in the basin?

Answering these questions required further consolidation of previous research
outputs through synthesis and transfer, and more in-depth studies and training in
natural sciences and social sciences; essentially, the situation called for disciplinary
and interdisciplinary research to help answer these questions in the regional context.
This necessitated restructuring of the LRP in order to broaden and reorient its topical
focus and its approach, broaden its geographical scope to include the upper Ewaso
Ng’iro basin (15,000 km2), and support further awareness creation and negotia-
tion processes necessary for the implementation of preferred intervention strategies
at different levels, as appropriate. Consequently, the sequence of research thrusts
and projects was deliberately structured to address (1) natural resources monitoring,
modelling and management (through natural sciences research), (2) actors’ strate-
gies and perceptions regarding natural resource use and management (through social
sciences research), and (3) the synthesis and transfer of research outputs with a view
to initiating policy dialogue, strategy development, and technology adaptation (see
Fig. 4.1).

This broadened scope also implied an expansion of the institutional network and
partnerships. The range of participating university departments was expanded to
include Agricultural Engineering, Planning, Range Ecology, Soil Science, Sociol-
ogy, Economics, Meteorology, and Anthropology of the Universities of Nairobi and
the Institutes of Geography and Sociology of the University of Bern. This multi-
disciplinary nature of implementation was mirrored in the involvement of several
funding agencies. These included the Swiss National Science Foundation (SNSF),
the Rockefeller Foundation (RF), Research Department of Swedish International
Development Agency (SIDA-SAREC), the Dutch funded Traditional Techniques of
Microclimate Improvement (TTMI) Project, for scientific research; and the Swiss
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Fig. 4.1 Sequence of thrusts and projects (adapted from Wiesmann, 1996)

Development Cooperation (SDC), Dutch Funded ASAL Development Programme
(DGIS), and Government of Kenya for applied research and transfer work. In addi-
tion to government partners at the district level, the Ewaso Ng’iro North Develop-
ment Authority (ENNDA) became an important transfer partner.

4.5.2 Consolidating Research Results: Synthesis
on Regional Dynamics

Broadening the topical and geographical scope led to a deeper understanding of
the main challenge facing sustainable river basin management: the problem of bal-
ancing ecological sustainability and short-term needs (Wiesmann, 1998) against a
backdrop of rapidly degrading natural resources, fast growing population, settlement
processes resulting in a multistakeholder society, increasing water demand, scarce
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water resources with limited potential for expansion, and a framework of complex
and ineffective institutional structures.

The comprehensive database containing long-term hydrological and meteorolog-
ical data from the monitoring network in the basin dating back to 1960, along with
data on land use and land cover changes and land management practices, were used
to understand aspects such as rainfall characteristics, river regimes, water resources
availability, water balance, river water abstractions and their effects on dry season
flow (Gathenya, 1992; Liniger et al., 1998), water use conflicts (Wiesmann et al.,
2000; Kiteme and Gikonyo, 2002; Liniger et al., 2005), and soil and water conser-
vation (Njeru and Liniger, 1994; Njeru, 2005), among other important ecological
aspects. With regard to socio-economic research, general surveys (addressing land
use systems, household characteristics, etc.) and in-depth household surveys from
selected test areas provided a better understanding of smallholder migrant peasants
and their livelihood strategies in the new settlement conditions (Huber and Opondo,
1995; Kuenzi et al., 1998; Wiesmann, 1998). Further elaboration was made on prob-
lems, opportunities and options of resource use, management and planning at actor
category levels (Betschart, 1996; Flury, 1996; Sottas et al., 1998).

4.5.3 Transfer of Results through Awareness Creation Campaigns
and Policy Dialogue: Implementing a Multistakeholder
and Multilevel Strategy for River Basin Management

Enhanced systems knowledge regarding the ecological, socio-economic, and socio-
political realities in the basin provided useful insights with regard to designing an
appropriate strategy towards a more sustainable natural resources management, es-
pecially water management, in the basin. This knowledge facilitated designing a
multiscale, multistakeholder, multisectoral strategy that not only concentrates on the
problems of overutilisation of water resources but also addresses the severe prob-
lems of securing a livelihood, as well as the various conflicts directly or indirectly
related to water use (Wiesmann, 1998; Wiesmann and Kiteme, 1998; Kiteme et al.,
1998b; Wiesmann et al., 2000; Kiteme and Gikonyo, 2002).

The target specific transfer strategy that was developed aimed to reach all relevant
stakeholder groups in the water sector within the basin and create awareness among
them. The strategy was structured around five thrusts that included (1) district and
project planning support, (2) core issue of water use and management directed at
reduction of river water use and the development of alternative water resources,
(3) land use planning to regulate smallholder settlements in marginal zones of
the basin, (4) peasant land use practices, and (5) urban settlements and infrastruc-
tural development. The strategy was implemented within the broad framework of a
Water Awareness Creation Campaign, and was structured according to three levels:
(1) national level, (2) regional/district level, and (3) community level.

The main event at the national level was a workshop and basin-wide tour involv-
ing policy makers and decision makers in government ministries and departments,
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as well as donor institutions and NGOs facilitating water development interventions
in the basin; including politicians representing different communities in the region
at the constituency level. The primary purpose of the campaign at this level was
to solicit the necessary political and policy support for successful implementation
of the campaign at the lower levels. In particular, the participation of the Minister
and the Chief Executive Officer of the Ministry of Water Development, along with
senior officers from the Office of the Attorney General and Office of the President,
helped to initiate policy and legislative reforms in the water sector, besides lending
political influence to the entire campaign process. The reforms have recently been
concluded, and new policy and legislative instruments, along with corresponding
institutions (better defined mandates and functions) that promote participatory and
integrated approaches have been put in place to oversee water resources develop-
ment and management (GoK, 1999; GoK, 2002; Liniger et al., 2005). On the other
hand, donor agencies and other development agencies helped to promote the need
for coordination of external interventions and embedded such interventions into the
framework of the campaign strategies. A donor forum coordinated by the LRP was
established at the basin level for this purpose.

At the regional level, the campaign focused on government technical and ad-
ministrative staff dealing with community mobilisation, agriculture and livestock
development, and water resources development (allocation, user control and man-
agement). The target group also included the seven District Water Boards (DWBs),
the Ewaso Ng’iro North Catchment Board (ENNCB), Ewaso Ng’iro North River
Development Authority (ENNDA), as well as NGOs and Community Based
Organisations (CBOs) in the area. The aim at this level was to solicit support for
resource mobilisation and implementation of the campaign strategies at community
level, as well as to articulate policy and legislative issues for intervention at the na-
tional level, streamline water allocation procedures, and enhance law enforcement.
Representatives from these departments formed a Campaign Coordination Commit-
tee consisting of 12 members, which was responsible for designing the campaign
methodology and materials and coordinating the actual campaign activities through
seminars, workshops, and field days at the community level. The committee also
facilitated community mobilisation and the formation of Sub-Catchment Clusters
which were used as entry points for launching the campaign at the community level.
More concretely, the district and catchment water boards helped to streamline and
depoliticise water allocation procedures and strengthened surveillance in order to
enhance law enforcement.

Stakeholders at this level also initiated policy dialogue and negotiations to influ-
ence changes in land tenure systems, land subdivision and smallholder settlements’
land use and farming systems (Huber and Opondo, 1995), as well as promote alter-
native coping strategies among smallholder agropastoralists in subdivided marginal
areas of the basin. Although the authorities finally refused to adopt the settlement
guideline map due to the political consequences it implied, the map nevertheless
created considerable awareness of the need to regulate new smallholder settlements
in marginal lands further north.

At the community level, the campaign targeted individuals, corporate institu-
tions/organisations and self-help groups that were using water resources, especially
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river water, for domestic purposes, crop and livestock production, and ‘industry’,
at different scales in the region. The intervention therefore involved pastoralists,
smallholder agropastoralists, small-scale irrigation farmers, large-scale horticultural
enterprises, and urban municipalities. The aim of the campaign at this level was to
enhance participatory water resources management through community policing,
catchment protection, conscious application of soil and water conservation initia-
tives, dryland farming, and formation of grassroots institutions to provide platforms
for negotiations and dialogue and ensure sustainability of the structures already
put in place. Through the Campaign Coordination Committee, communities im-
plemented various rainwater harvesting activities at the household and farm levels
and introduced drought resistant, early maturing crop species, as ways of enhanc-
ing water use efficiency and reducing water demand for crop production. Further-
more, through the sub-catchment clusters, and with the facilitation of the Cam-
paign Coordination Committee, they participated in Field Farmer Schools (FFSs),
seminars, and inter/intra sub-catchment exchange visits for experience sharing and
exchange of skills. The large-scale horticultural enterprises enhanced rainwater har-
vesting to supplement river water during dry seasons and installed state of the art
irrigation technology for efficient water use.

4.6 Consolidating the Gains of the Campaign Initiative
and Extending to Other Regions: Transforming
the Research Program into a National Research Centre

4.6.1 Consolidating the Gains of the Campaign Initiative

The fourth phase (1998–2002) continued the efforts of the third phase, primarily
balancing needs and sustainability requirements by embedding the campaign strat-
egy into grassroots institutions in the form of Water Users’ Associations in the
basin. The campaign initiative started to manifest positive effects especially at the
institutional level: for example, the districts and catchment boards streamlined water
permit issuance and became stricter in terms of law enforcement in order to curb wa-
ter misuse in the catchment. More significantly, a common understanding among the
different user groups began to emerge, revealing evident changes in their perceptions
and attitudes. It was therefore necessary to develop structures to consolidate and
sustain these gains. Consequently, based on the existing community water projects
and large-scale horticultural farms in the respective river sub-catchments, the sub-
catchment clusters were transformed into Water Users’ Associations (WUAs) at the
sub-basin level, covering catchments of tributaries of the Ewaso Ng’iro (Kiteme
and Gikonyo, 2002; Liniger et al., 2005). The departments of Culture and Social
Services and Water mobilised the communities and facilitated registration of the
WUAs as self-help groups in conformity with the law. On the other hand, the large-
scale horticultural farms provided initial financial and logistic support to facilitate
the functioning of the WUAs until they can stand on their own. The more than
13 WUAs formed so far have become useful platforms for negotiations regarding
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water use and conflict resolution between different stakeholder groups in the basin.
Through the efforts of the WUAs, large-scale horticultural farms and some progres-
sive smallholder farmers have intensified rainwater harvesting and increased their
storage capacities by means of earth dams and water tanks on their farms. Sup-
ported by the LRP/NRM3 and the Water Department, some WUAs have embarked
on community based water regulatory devices in several abstraction points to ensure
a minimum guaranteed water flow to downstream users.

4.6.2 Extending to Other Regions

Meanwhile, the LRP was approaching the end of its duration. The main challenge
was now to formulate follow-up structures to come full circle back to university
training, international exchange, new synthesis in the basin and extension of lessons
learnt and approaches to other regions in the country. The fourth phase was therefore
a phase of transition towards such structures. This required the establishment of
an institutional structure with a national mandate and means to implement similar
research arrangements. To achieve this, it was necessary to transform the LRP into
an institution with a mandate to implement research and training in order to build
technical and professional capacities, and develop an integrated database for sus-
tainable development especially in the arid and semi-arid lands (ASALs) of Kenya.

Laikipia district and the upper Ewaso Ng’iro North region remained the most
suitable test area because it offers a highland–lowland system with the most dra-
matic socio-economic and ecological dynamics in terms of land cover, land use
and land ownership, population and demographic development, ethnic and cultural
diversity, and natural resource sharing arrangements, among other things. There-
fore, although the system has unique dry and cold, semi-arid ecological conditions,
it nevertheless offers a good representation of other semi-arid environments and
highland–lowland systems in the country that are experiencing similar problems of
unsustainability. It was therefore desirable to extend into other ASALs in order to
capitalise on the long-term experience and lessons learnt.

While continuing with data elaboration for the new areas on a transitional ba-
sis, negotiations with the relevant government authorities initiated the process of
establishing the necessary structures under the name of Centre for Training and
Integrated Research in ASAL Development (CETRAD). Extensive consultations
were also held with local and international research and training institutions to help
position the new structure in a proper contextual perspective.

4.7 Centre for Training and Integrated Research
in ASAL Development

Building on LRP structures, CETRAD is making syntheses on regional dynamics
and engaging in sustained policy dialogue, strategy development, technology adap-
tation and extension of lessons learnt and experiences, to other regions with similar
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clusters of sustainability problems. To implement baseline studies and academically
oriented research in the new areas of focus, CETRAD hosts international pro-
grammes like the Swiss National Centre of Competence in Research (NCCR)
North–South Programme, through which research funds can be obtained. Other pro-
grammes such as Eastern and Southern Africa Partnership Programme (ESAPP) and
UNDP’s Global Environment Facility/Small Grants Proramme (GEF/SGP) Com-
munity Management of Protected Areas Conservation (COMPACT) provide core
funding and support projects to promote sustainable regional development and
sustainable land management.

4.8 Recommendations

The foregoing discussions lead to some key recommendations which can be grouped
into three categories as elaborated below:

4.8.1 Transdisciplinarity as an Iterative Process

- Iteration between different types of knowledge: In the three phases of transdis-
ciplinary research (problem identification, problem structuring, and implemen-
tation), all three types of knowledge (systems knowledge, target knowledge,
transformation knowledge) are relevant to all issues elaborated in the context
of sustainable river basin management. The case of water development planning
for Laikipia district and the subsequent awareness campaigns has clearly demon-
strated this.

- Iteration between transdisciplinary, interdisciplinary and disciplinary research:
Experience in each of the research phases, as presented in this paper, has also
shown that in transdisciplinarity; disciplinary and/or interdisciplinary approaches
will apply iteratively in response to needs for in-depth investigations to answer
continuously emerging new research and development questions. This means that
while transdisciplinarity is one of the basic principles used to deal with the con-
cerns of different groups affected by unsustainability problems, the alternating
use of transdisciplinary, interdisciplinary and disciplinary forms of research is
crucial with regard to specific implementation (Hurni et al., 2004).

4.8.2 Stakeholder Involvement in Transdisciplinarity

- Requirement driven involvement of stakeholders: The transdisciplinary process
discussed in this paper is characterised by a multitude of stakeholder groups all
contributing to and impacting in different ways on its implementation. For exam-
ple, smallholder peasant farmers were the most critical stakeholders when identi-
fying priority needs for water during the water development planning process. On
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the other hand, district based government departments helped to mobilise local
resources and coordinate campaign activities at the community level while the
district and catchment water boards helped to streamline water allocation proce-
dures and enhanced law enforcement. At the national level, the Ministry of Water
and donor agencies supported water policy and legislative review processes. This
shows that the range of actors and institutions involved in a transdisciplinary pro-
cess can be so broad and diverse, and they can vary to such an extent in relevance
and significance depending on what aspect is in focus, that they cannot always
be equally covered. Therefore, stakeholder selection in transdisciplinarity should
be requirement driven and not just serve political interests or respond to different
water needs.

- Training as a key component of transdisciplinarity: Based on the need to main-
tain the iterative process of disciplinary and interdisciplinary research, training in
integrative issues becomes part of the sustainability approach, and is therefore a
crucial component in a transdisciplinary process. This underlines the importance
of university collaboration – in terms of providing a platform for MA/MSc and
PhD research and training – as elaborated in the paper.

4.8.3 Imperatives of Transdisciplinarity

- Imperative of need and requirement orientation: The implementation strategy
based on a multistakeholder, multilevel approach to regionally oriented water de-
velopment planning was embedded in a transfer strategy that was target specific
due to topical complexity and stakeholder diversity. This implies that in order to
make target knowledge relevant in transdisciplinarity, the target must be defined
from a broad perspective of sustainability in order to embrace need oriented target
knowledge as well as requirement oriented target knowledge.

- Imperative of a transparent and accessible information base and communica-
tion structures: Experience cited in this paper shows that a requirement oriented
database is an important steering and working tool of transdisciplinarity. On the
one hand, it helps to define a common structure of spatial data and informa-
tion reference (planning units), without which there is a risk of applying spatial
frames of reference (catchment or district) that are inappropriate for achieving
the required optimisation of resource inputs on the basis of needs, and which
more often than not tend to encourage distribution of resources based on special
interests and political representation (Wiesmann and Kiteme, 1998). On the other
hand, such databases help to forge trust and confidence among stakeholders,
especially during policy dialogues and negotiations. Having been scientifically
generated, they seem to be less personal, less political and target oriented. There-
fore, decisions based on such information systems are widely accepted by the
different stakeholder groups and enjoy their support.

- Imperative of long-term involvement: This paper finally concludes that long-term
research involvement is a prerequisite for transdisciplinarity. The research evo-
lution process described in this paper and the experiences that justified a shift
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from one phase to the other, culminating in the transformation from a research
programme to a research institution, would not have been possible within a
short term.
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Chapter 5
Designing the Urban: Linking Physiology
and Morphology

Peter Baccini and Franz Oswald

Abstract In the 20th century a dramatic change occurred in urban development.
From a physiological point of view the large scale exploitation of fossil energy and
the technical inventions and innovations in the transport infrastructure allowed on
one hand a rapid liberation from the limits of renewable biomass and on the other
hand a rapid exchange of mass goods over large distances. From a morphological
point of view the same factors led to a ‘dilution’ of urban settlement from dense
centres into a network, of highly variable nodes and connections (the Netzstadt).
The distinct separation of rural and urban segments within a cultural landscape
disappeared. This new urbanity is a relatively young phenomenon. According to
the criteria of a ‘Sustainable Development’, such a culture is not apt to survive on a
long-term and global scale. It follows then that the urban systems of the 20th century
have to be reconstructed.

‘Designing the Urban: Discovering a Transdisciplinary Method’ describes the
research process of two groups, rooted in very different academic cultures: one in
architecture and urban planning, the other in environmental sciences and engineer-
ing. At the beginning (in 1993) there was neither a clear concept of how to tackle
the methodological problems in order to investigate this new phenomenon nor a re-
flected concept of transdisciplinary work. The case study presented in the following
chapter gives first, a report on ‘identifying and answering questions’ connected with
urbanity and second, some illustrations of the answers found ten years later as a
result of the transdisciplinary approach.

Keywords: Urban design · Netzstadt · Urban reconstruction · Participatory
process · Synoikos

5.1 Background

Questions that lead to research projects have their own intellectual history. They are
sometimes influenced by the personal biography of the authors asking the questions.
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This is the case in the present contribution. The two authors, one a scientist and the
other an architect, met accidentally at a crucial moment of their academic work. The
scientist, a professor in environmental science and technology, had just completed
research projects on the metabolism of urban regions. Thus, he was looking for new
scientific challenges in which the experiences of the previous research could find
a logical application as well as a continuation. The architect, newly appointed as
professor for architecture and urban design, was promoting the research idea based
on aesthetic, in combination with ecological, considerations regarding the urban
landscape of the Swiss Midlands. Thus, he was looking for scientific partners. After
the first meeting both were convinced of the relevance of the envisioned subject, the
personal integrity of representing two different disciplines and the warm sympathy
to each person.

The beginning of the cooperation was marked by the need to tackle two tasks:
one, to learn the terms of the other’s language and two, to understand the perceptions
hidden in the same words used by two persons from totally different backgrounds,
e.g. words like ‘landscape’, ‘urban’, ‘project’ or ‘process’. We agreed to concen-
trate on a typical area in the Swiss Lowlands – the so called ‘Kreuzung Schweizer
Mittelland’ (crossing Swiss Lowlands) – and to undertake daylong field trips, where
each described to the other the people, things and movements he observed, how and
why he perceived them in the specific way he did at the time. This was a guiding
experience for the later work with our collaborators, too.

The commonly shared experience of the field trips was also helpful in defining
the goals of the project. To both authors it became evident that the scientific findings
would have to be convincing and helpful for professional and political actors. These
are the people who can influence the processes in planning, building, managing
or transforming the human habitat. So, we agreed on the initially vague notion to
develop methodological instruments that could help the practice of planning, de-
signing and engineering professions as well as the political decision makers.

In conclusion we started with the hypothesis that the receivers and users of our
results base their work on urbanity in the context of the normative issues of sus-
tainable development. To this rather ambitious goal we were lead by the conviction,
that the enormous and rapid changes, which had occurred in our biographical period
since the 1950s, had to be handled with new, coherent perceptions and instruments
towards future life styles and improved environments. These instruments could not
be the same ones that had produced the present state of urban culture with little
satisfaction for a majority of inhabitants.

5.2 Problem Identification and Problem Structuring

At the beginning of the 1990s urban development concepts were based mainly on
the paradigm of ‘core cities’ and their peripheral agglomerates. Territorial manage-
ment strategies in Switzerland and elsewhere in developed countries emphasised
the necessity to strengthen the dense centres and to fight the urban sprawl. However
these strategies, implemented in territorial management laws and ordinances, could
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not prevent a transfer of the majority of the population from a rural type of life,
and from the core city life, to a new urban lifestyle, which is mainly defined by the
accessibility of urban commodities and services. From former physiological studies
(Baccini and Oswald, 1998) it became clear that such an urban development was
only possible with a consequent installation of all the infrastructure independent of
localities. These include input infrastructure, namely the supply of energy, water,
food and construction materials and output infrastructure such as effective waste
management, as well as the buildings and connections between them that allow a
high mobility of persons, commodities and information. These studies also revealed
the high degree to which Swiss settlements depended for energy and materials on
the ‘globally distributed hinterlands’. It became clear that the key factor for urban
development was the built-up area that already existed and not that which was yet
to be built on open land.

Therefore a study area was chosen to focus on urban development outside the
traditional urban centres established over previous centuries. This decision, taken
in 1993, only one year after the UN Conference on Environment and Development
in Rio de Janeiro, also involved an awareness of the need to answer the following
questions:

- Do these new urban systems meet the criteria of ‘sustainability’? In other words:
Are they fit for survival in the context of the ‘hinterlands’ in various scales, from
local to global?

- In the case that they do not meet these criteria, what type of reconstruction pro-
cess should be initiated?

As the first project year showed, the initial concept for the participation of many
different academic disciplines was far too ambitious. The project had to be radically
reduced in scale without changing the aim. The scholarly dialogue between archi-
tects, natural scientists and engineers only got underway at the end of 1994, when all
participants were able to agree on one fundamental rule: all members of the research
group have ‘equal scholarly value’. No discipline has any a priori leading function.
No method brought to the research takes precedence. The tools for the collective
studies should be developed collectively.

From a methodological point of view the following questions were raised:

- What models help us understand the phenomenon of urbanity?
- What metaphors were or are helpful?
- What methods can be used to analyse and design urban systems?
- Is there a generally accepted theory of urban genesis or city transformation?

The answers are given as follows:

- There is not (and probably never will be) a generally accepted theory of ‘the
city’ that can help us distinguish the ‘good’ premises and methods from the ‘bad’
ones – good in the sense of being more useful for analysis and synthesis.
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- A subjective manner of perceiving human settlements determines the examination
method chosen. The different premises result in a subjective selection of ques-
tions relevant to the city. The observers’ premises and objectives also influence
the tools they deploy. The methods used, usually with a scientific foundation,
define the settlement type, which is thus a construct of the observer.

- Architecture, history, sociology, political science, anthropology, the natural sci-
ences, or any other discipline is not predestined to play a central role in urban
development. In all probability, the best method for defining the ‘good city’ is
based on participatory, transdisciplinary work. We can only learn what a ‘good
city’ is in the relevant social context.

In conclusion, the research process was organised as follows: the scientific com-
petences were concentrated in two domains, a ‘morphological group’, formed by
architects and urban planners, and a ‘physiological group’, consisting of natural
scientists, engineers and one economist. However all decisions with regard to the
relevant questions, the tools of investigations, the validation of findings, the selec-
tion of models and the next steps, were taken in the plenary, i.e. by all participants
in the project.

From the beginning, personalities of the study region (mainly leading figures in
politics, economy and culture) were integrated as partners for critical discussions in
each phase of the project. This parallel and synchronised process led eventually to
the so called Synoikos method.

Complementary to these partners outside of academia and professional practice,
professional peer-reviewers were also involved from the beginning. They partici-
pated at workshops which periodically served as platforms for presenting the inter-
mediary results of the research work.

Already from an early stage of the project it became clear that an appropriate
way to work in mixed groupings (morphological and physiological competences)
is the ‘activity approach’. The urban system to be elucidated and designed in a
transdisciplinary process can be structured around four basic activities (to nourish,
to clean, to reside and work, to transport and communicate). From this approach,
not foreseen at the beginning, the Netzstadt model and eventually the Netzstadt
methodology evolved.

5.3 Problem Investigation

5.3.1 The Hidden Agendas of the Various Disciplines

At the beginning the architects considered themselves as the urban planners and
designers who are able to take the lead in such a project, due to their competence
as generalists. In their view engineers, economists and natural scientists were im-
portant suppliers of facts, figures, specific models and tools to support the various
architectural blueprints. The natural scientists, particularly, were seen as species
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mainly interested in theories of cognition and not in realising concrete projects.
There was a certain mistrust with regard to scientific methods, because a reductive
procedure was thought to do no justice to complex urban phenomena, and to hinder,
or even kill any creative synthesis. Designing the urban is closer to an art. Cre-
ative individuals or teams lance their piece of work in a competitive process within
the forum of a public debate usually more on the basis of normative ideas than
of described empirical findings. It is the quality of the product within this process
that counts, not the methods that have helped or may support the making of the
product. Therefore the group of ‘morphologists’ within the project were suspicious
of scientific research that did not find a conclusion in practical actions. In addition,
the morphologists did not bring an established toolbox or the expressed intention to
create one in the project.

The ‘physiologists’ (natural scientists, engineers, economists) were not familiar
with the design culture. At the beginning they got lost in the diversity of metaphors
the architects were constantly increasing and changing. Scientists are used to the
relatively strict vocabulary of their discipline that gives for each notion a clear
definition (terminus technicus). They were unable to orientate themselves in the
given complexity. In their view the morphologists were just surfing on an enve-
lope wrapping the phenomenon ‘urbanity’. They accused the architects of acting as
chameleons by performing constant label changing. The physiologists had serious
difficulties in bringing their tools into a prospective position.

All of the participants had more or less developed values with regard to the ‘good
city’. After various discussions on target issues it became clear that these values
were more or less independent of the participant’s discipline. The spectrum was
very broad, ranging from dominantly ecologically oriented to scientifically moti-
vated, socially driven, and purely aesthetically based positions. In other words the
first layout of norms revealed a chaotic mix. Therefore it became necessary to un-
cover these hidden agendas in order to come to a first agreement with respect to
(1) the target issues and (2) the boundary conditions with regard to the methods to
be developed and applied in the project.

5.3.2 From a Chaotic Mix of Norms to a Common System Approach

After about two years of intensive searching to understand the various backgrounds,
competences and goals of the participants, the following framework and structure
was agreed upon:

1. Eventually we defined ‘urbanity’ as follows (Baccini and Oswald, 1998):
The urban system is a large system made up of geogenic (emergent with the
earth) and anthropogenic (emergent with mankind) subsystems. It covers an
area of tens of thousands of square kilometers and has a population density of
hundreds of inhabitants per square kilometre. It is an all-encompassing three-
dimensional network with diverse social and physical links. A relatively high
concentration of people, goods and information exists at the nodes of this
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network, and there are massive flows of people, goods and information between
the nodes. Colonized agricultural and forestry ecosystems and waterways are
integrated components of the system.

2. We tried to treat the complexity of our study object, our urban system, with a
limited set of elements that allowed us to do morphological and physiological
analysis and synthesis. This set consisted of:

� Six territories
� Four key resources
� Four network elements (nodes, connections, borders, scales)

The urban system is being generated and transformed by four basic activities
(to nourish, to clean, to reside and work, to transport and communicate). These
allow comparisons of human settlements independent of their cultural existence
in time and space.

3. We defined essential system qualities to be considered in urban design and not
specific final urban states to be attained.

� Identification
� Diversity
� Flexibility
� Degree of self-sufficiency
� Resource efficiency

4. The goals for a concrete urban project have to be clarified by a participative polit-
ical process and should not be given a priori by the professional urban designers.
Therefore urban design should consist of three steps:

� the analysis elucidating the essential properties of the urban system in ques-
tion, helping the inhabitants to formulate the strengths, weaknesses, oppor-
tunities and threats (SWOT) of their urbanity (it is the challenge to develop
tools)

� the sketching of the long-term orientated urban goals by the inhabitants
� the design for reconstructing urban systems to meet the target qualities of step

two, starting from the state defined in step one.

5.3.3 From an Interdisciplinary Approach to the Awareness
of Transdisciplinarity

Although the authors did not start the project in 1993 with an explicit transdisci-
plinary concept, the first steps in 1994 did follow an interdisciplinary direction. At
that time the academic discussion about the idiosyncrasy of transdisciplinarity was
relatively young. Following this debate and reflecting the progress of our urban re-
search project we started to realise that we met most of the criteria that were selected
by the community framing the emerging field of transdisciplinary approaches.
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The first monograph of the project was published in 1998 (Baccini and Oswald,
1998) with the German title: ‘Netzstadt – Transdisziplinäre Methoden zum Umbau
urbaner Systeme’ (Transdisciplinary methods for reconstructing urban systems).
The title reflects the following important processes:

The formation of four ‘mixed’ research groups (morphologists and physiol-
ogists), one for each activity led to a first synthesis postulating the ‘Netzstadt-
Hypothesis’. It was a very rough sketch of a model not yet validated and tested
in practical urban design.

The process chosen led to a new perception of the phenomenon ‘urbanity’, ex-
pressed with a new vocabulary. This led eventually to a new problem in the com-
munication with the established urban and regional planners. Netzstadt drops the
paradigms of classical urban and regional planning. Working in such a research
project is an iterative process, passing from subgroups, that are formed temporarily,
to the plenary where the decisive conclusions are drawn, leading to new sub-teams
(Müller et al., 2005).

With the new approach the project team had created a new identity and a strongly
shared conviction that new ‘design’ tools (methods) had to be developed. This
helped to integrate new project collaborators who extended the team, or substituted
members who left. It became clear after three years which type of person suits such
a project. The person needs a combination of above average social competence, a
strong motivation for methodological work on the borderlines of disciplines and the
mental and physical stamina to give them the patience for time-consuming work-
shops.

In the second phase, lasting from 1999–2003, two new project teams centred
around the two authors, their assistants and advanced students, elaborated on one
hand the Netzstadt model and methods and on the other hand the Synoikos method
(for the participative processes). Here the first implementation experiences were
gathered.

5.4 Implementation

On the basis of two different, but complementary sets of experiments – one in teach-
ing Urban Design with an upper class of students, the other, in producing partici-
patory workshops with participants representing the heterogeneous population of
the five municipalities of the ‘Kreuzung Schweizer Mittelland’ – the hypotheses for
designing the urban were tested. The tests consisted of working out practical results,
e.g. projects for improving a chosen urban site and its context. The methodology
and results were evaluated by participants and critics from outside, finally modified
and completed by the researchers for publication. They are published as ‘Netzstadt
method’ (Fig. 5.1), and ‘Synoikos method’ (Oswald and Baccini, 2003), and can be
applied separately or together.

The two methods are based on the same hypotheses for designing the urban and
for shaping ‘good’ urban form:
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Fig. 5.1 Schematic overview of the Netzstadt method: the work proceeds along the paths between
the disciplinary workshops and the transdisciplinary platform (from Oswald and Baccini 2003,
Fig. 3.59; with kind permission of Birkhäuser Verlag, Basel)

- Relative advantage is a result of synergy.
- Synergy is a result of the cooperation of all relevant urban actors.

The Netzstadt method offers a transdisciplinary platform and procedure for design-
ing urban projects. These projects are focused on the improvement of urban qualities
and on transforming the existing conditions within a defined context. This includes
the reducing of the complexity of the mutual relationships between human activities,
territories and resources. These relationships must be prepared with reference to the
rational and transparent decision making process within the transdisciplinary design
team. The art of designing consists of progressive steps and feedbacks starting with
the description and analysis of the existing condition (Fig. 5.2). It is practical to
begin this procedure, as proposed by the Netzstadt method, with the morphological,
following up with the physiological investigation of the identified issues and prob-
lems. According to early feedback since publication, other academic groups have
applied this method to their projects.

The Synoikos method, a procedure for participatory workshops, is complemen-
tary to the Netzstadt method. The goal is to arrive at proposals for practical actions
or an urban strategy and to include specified measures for their implementation
with regards to improving urban qualities. In addition, the workshops have to cre-
ate a substantial majority of participants who actively support the proposed actions
and the urban strategy. The workshops, thus, are focusing similarly on designing
with the Netzstadt method, on synergies through mutually relating the strengths,
weaknesses, opportunities, threats and on generating cooperative majorities for
shared target qualities. The processes leading towards these goals are politically
meaningful and strengthen publicly the responsibilities of individuals within the
open, democratic culture. After the workshops with participants in the study region,
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Fig. 5.2 Designing the urban: applying the Netzstadt method – five procedural steps (from Oswald
and Baccini 2003, Fig. 4.4; with kind permission of Birkhäuser Verlag, Basel)

‘Kreuzung Schweizer Mittelland’, other Swiss regions have applied the Synoikos
method.

It is important to state that the Netzstadt method itself does not generate urban
designs. It supports analysis and structures the work of designing. The Netzstadt
method does not develop new quality objectives for urban systems. For this the
Synoikos method was developed. It is step four in the design process (Fig. 5.2).

The fact that the same team who had thoroughly investigated and evaluated the
existing conditions in ‘Kreuzung Schweizer Mittelland’ was also involved in de-
signing scenarios, which served as illustrations for differing future developments of
this area, produced synergetic and positive emotional effects during the research.
The scenarios served, at the same time, as stimulation for the participants who had
to find target qualities.

5.5 Recommendations

After more than ten years of experience with our project we can draw the following
main conclusions with regard to the transdisciplinary process:

- Within the university borders such projects were and still are quite difficult to
realise, due to two important barriers:

� The established academic evaluation period of three to four years for such
research projects is too short.

� The means of evaluating such projects are very rare or simply non-existent in
most research boards in academia.
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Our project profited from the fact that the two project leaders had established cre-
dentials and that a university provost believed it necessary to risk long-term research
investment to support them. The Netzstadt project was evaluated at the end in the
framework of a research project on transdisciplinarity (Bergmann et al., 2005).

- For scientists with a research culture that include Ph.D. students within their
project, it is necessary to frame the Ph.D. topics in a way that permits time lim-
ited projects (3–4 years) with valuable results independent of the process of the
whole project. All five Ph.D. projects that were part of the research programme
were successful. Participation increased the average thesis period by about 20%.
However the doctoral students considered this extraordinary supplementary edu-
cational step a worthwile experience.

- The transdisciplinary approach to the topic ‘Designing the Urban’ has led to a
change in paradigm with regard to the perception of urbanity. From an actual
point of view this new paradigm has primarily reached some avant-gardes in the
academic world. In the biotopes of practice the corresponding methods have not
yet found a positive response. In our opinion this is due to the fact that the Net-
zstadt method uses a new language and as yet lacks a dictionary to help potential
users translate the findings into their own idioms of urban and territorial planning.
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Chapter 6
CITY:mobil: A Model for Integration
in Sustainability Research

Matthias Bergmann and Thomas Jahn

Abstract The project ‘Strategies for a Sustainable Urban Mobility’
(‘Stadtverträgliche Mobilität – Handlungsstrategien für eine ökologisch und sozial
verträgliche, ökonomisch effiziente Verkehrsentwicklung in Stadtregionen’) is a
good example of successful integration work. Researchers from a number of dif-
ferent disciplines, as well as planners from two model cities, formed the research
group CITY:mobil and cooperated within this project to develop innovative research
methods, on the one hand, and planning tools aimed at a more sustainable mobility
in cities, on the other. The project was designed to integrate planning and technical
aspects as well as economic, ecological and social goals. Thus, the rather complex
task of knowledge integration and social integration by the project team was one of
the central challenges within the research process. Therefore, after introducing the
details of this specific research project, we conclude with a universal model for a
transdisciplinary research process. This model can support researchers in planning
and conducting the complex integration demands to meet the dual targets of inte-
grated research results for the area of interest (i.e. the societal problems being the
starting point of the research project), and of new interdisciplinary or disciplinary
results (e.g. methods, concepts and theories).

Keywords: Sustainable mobility management · Cognitive integration · Boundary
object · Problem transformation · Social-ecological research · Societal relationships
to nature

6.1 Background

Objects of transdisciplinary research are not automatically specified: they are the
result of a first transdisciplinary research effort at the beginning of the project. This
constitution of the research object of ‘Strategies for a Sustainable Urban Mobility’
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was based on an intense initial phase where the common research tasks between
the participating disciplines were established and a comprehensive integration and
cooperation concept for the whole research process was developed.

The project design was constructed through a process of intense discourse among
the nearly 20 participants from various disciplines and the model cities who made
up the CITY:mobil research group. This discourse started with the theoretically and
methodologically guided process of ‘translating’ the various aspects of the societal
problem concerning unsustainable development of urban regions into scientific re-
search objects. The shared vision in conceiving the project, the common tasks and
the cooperation were the main reasons for the successful integration of the results
from the several subprojects into comprehensive and integrated problem solutions
for city planners and politicians, as well as into the development of new interdisci-
plinary and disciplinary scientific tools, methods and theoretical concepts.

When the project was conceptualised in 1993 the term ‘transdisciplinarity’ was
hardly in use in Germany. The project was therefore called interdisciplinary, prob-
lem and actor oriented. It was run within the framework of the research programme
‘Urban Ecology’ of the Federal Ministry of Education and Research (BMBF).

Two research interests provided the impetus for the research project:

- The research programme, as well as the participating institutes, worked on devel-
oping sustainable mobility strategies that were problem and actor oriented (rather
than oriented towards technical feasibility). Consequently, such strategies had to
respect the interests of the urban population (attractive city, urbanity, mobility,
ecology), and also the interests of the local government (attractive city, urbanity,
mobility, ecology and economic feasibility in times of an empty public purse).
These manifold interests had to be represented by the cooperating disciplines and
actors using adequate integration tools and methods to provide actor and problem
oriented solution strategies.

- At the beginning of the conceptualisation process it became clear that there were
no appropriate research methods to meet all the societal demands (not just the
improvement of the technical standards) using an integrating perspective. Con-
sequently, the development of such scientific methods became one of the most
important driving forces and targets for the project.

In compliance with the two project foci (actor oriented problem solutions, and sci-
entific method development) the knowledge generated had to be primarily (in the
terminology of this book) system knowledge (how to properly investigate the prob-
lem) and transformation knowledge (how to initiate societal transformations).

The project was realised in the interdisciplinary research cooperation CITY:mobil,
and incorporated engineers, planners, sociologists, and economists. It was sup-
ported by the local governments of the German cities of Freiburg and Schwerin,
at the same time being the addressees for the implementation of the project results.
The experience their institutes had gained within the research network oekoforum
gave the researchers an advantage in interdisciplinary cooperation. The researchers
came from planning, ecology, economics, sociology, engineering, and computer
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sciences. The representatives of both cities came from the departments for city
and transportation planning. A moderator was appointed to the research team to
help with cooperation, coaching and supervision, the integration workshops, and to
support the project manager.

6.2 Integrated Research Methods and Planning Tools

We display a descriptive and analytical model for the transdisciplinary research
project CITY:mobil that can help with the construction of projects of a similar design
(Fig. 6.1). The model we use is developed in Jahn [2005] where he discusses, in
depth, the use and meaning of the term transdisciplinarity. This model represents a
typical and idealised transdisciplinary research project, which can be regarded as a
sequence of three project phases:

- Phase A: construction and description of the project and the research team; con-
stitution of the common research object; analysis of the problem dimensions to
be treated

- Phase B: research process in the four ‘subprojects’ (SP1–SP4) and the ‘main
project’ (knowledge building, mutual learning and linking between disciplines,
researchers and project parts)

- Phase C: transdisciplinary integration, product/publication design and impulses
for transformation/innovation/implementation.

Fig. 6.1 Scheme of the CITY:mobil research process (LCTP: Least Cost Transportation Planning)
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In the first stage of the project (Phase A) contradicting normative scientific and
political claims of importance and relevance had to be integrated into a research
objective that was accepted as the focus for the research by all participating disci-
plines. This was done by mutually agreeing on a number of problem descriptions
and resulting analytical questions, definitions of related notions and concepts.

The societal problem was described as an increasing volume of (motorised)
traffic, generating a number of ecological and economic problems, impeding sus-
tainable urban development. The scientific problem was summed up as the lack
of appropriate disciplinary problem approaches in the conventional transportation
research as well as the lack of methods to integrate the motivation for peoples’ trans-
portation behaviour – including the aspect of the symbolic dimension of mobility.

Consequently, the research work was not organised in separate project parts
dealing with a disciplinary oriented analysis of ecological problems arising from
increasing automobile traffic in cities. In fact, the project was carried out under the
following principal analytical question that had to be answered by all its subprojects:
‘How can the strong coupling between mobility and “auto-mobility” (the use of
cars for most mobility needs, and specific car use patterns) be decoupled?’ The re-
search path had to transform the transport system and behaviour in those cities from
the hegemony of the auto-mobility to a multi-optional and multi-modal mobility –
meaning that mobility can be realised in many different ways (normative target of
the project) (Jahn and Wehling, 1998; 1999). This notion of a multi-optional mo-
bility also includes special services that respond to the population’s needs (delivery
services, car sharing and cycle rental, services for cycles/cyclists etc.) and does not
only focus on the movement of people from one point to another.

A detailed understanding of the term mobility was an extremely important pre-
condition for the research process, keeping in mind that not only the physical move-
ment from point X to point Y, and the reason for this movement (the social context
and its constraints), but also social mobility in terms of social flexibility and societal
inclusion, can be regarded as determinants for mobility behaviour. Therefore, the
term mobility was defined by the three dimensions of spatial mobility, socio-spatial
mobility and social mobility.

This three dimensional concept of mobility was the core concept of the theoret-
ical framework from the very beginning of the project (Phase A) up to the twofold
integration at the end (Phase C). It rests upon two theoretical fundamental assump-
tions: (1) To make a distinction between mobility as motion/movability, as a basic
societal relationship to nature (Becker and Jahn, 2003; Becker et al., 2006), and
mobility as transportation, as a technical realisation of transport/movements and
their infrastructural organisation and aggregation in the physical space. This en-
ables an analysis of the social causes and effects within traffic and transportation
as a genuine problem dimension. (2) To distinguish between the socio-spatial and
physical dimensions of mobility, thus enabling all participating disciplines – all
with equal status – to bring their specific insights, methods and findings into the
common research process. Within this theoretical framework, the use of ‘mobility’
as an overarching integrative term, helped to avoid the weak bonds that often link
disciplines in a multidisciplinary setting.
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Since the project aimed at new strategies for the cities as well as at new research
methods the researchers formulated three strategic goals: (compare Bergmann and
Jahn, 1999)

- Differentiation: There was no abstract metatheoretical subordination of the par-
ticipating disciplines under a leading discipline or theory. The cooperation was
shaped by a mutual respect and full awareness of the usefulness of the differences
between the working and scholarly cultures. (This differentiated approach and its
aspects of a new interdisciplinary cooperation was part of the recommendations
to the cities advising about cooperation between the authorities responsible for
city, traffic and budget planning).

- Integration: Respecting the concept of differentiation, the project aimed at com-
bining all findings into an integrated result. Supported by the knowledge of all the
participating city administrators and planners, this result had to be transformed
into comprehensive and actor oriented strategies. The concepts should be trans-
ferable to other cities.

- Intervention: The project and its actors aimed to use the project results to influence
the current practical and scientific discourse on urban transportation policy and
planning. Therefore, a continuous communication process was important within
the research cooperation, and with actors of communal governments and associ-
ations, on the one hand, and with actors of the scientific community concerned
with the problem addressed by the project on the other hand. The project and
its actors also aimed to influence the conventional practice of transportation re-
search with the new idea of multi-optional, social-ecological oriented mobility
research.

Consequently the disciplinary perspectives had to be linked and the researchers had
to cooperate as often and as closely as possible – a demanding effort due to the fact
that the participating research institutes were located at five places within Germany
and Austria.

Before starting the research work, a comprehensive network plan was mapped,
providing a detailed design of the connections between all subprojects and the main
project. The project was coordinated by one of the researchers who was supported
by a co-chair and a coach/moderator. The coordinator was responsible for the inte-
gration of all elaborated knowledge as well as managing the team of about 20 indi-
viduals. The coordinator and the leading researchers from the participating research
institutes made the decisions that were relevant to all participants respectively to the
over all project process.

6.3 The Transdisciplinary Research Process

Having described the project construction phase we now detail the research and
cooperation process (Phase B).
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Based on the theoretical framework of the three dimensional concept of mobility,
the research group developed various research perspectives to address the pri-
mary question: how can mobility be disconnected from its predominating form
(‘auto-mobility’)? All aspects of the investigation aimed to develop shaping knowl-
edge for transformation processes – in the field (the cities) as well as in the partici-
pating disciplines:

- The determining factors for mobility behaviour and orientation were investigated
from the social science perspective. Orientation in this context means the pre-
dominant means of transport used by a group of individuals. Beyond the usual
questions about mobility behaviour, like ‘how far?’, ‘how often?’, ‘by which
means of transport?’ and ‘where to?’, the main focus in this subproject was on
the lifestyles, circumstances and the attitudes of the urban population and how
they are related to mobility behaviour – represented by the question ‘why?’.

- The researchers with the planning perspective developed a computer learning
model with which it is possible to display not just the transportation networks
but also the mobility behaviour, the population distribution within the housing
areas, as well as the workplace distribution in the cities and their surrounds.

- Along the principle of least-cost planning as used in developing sustainable en-
ergy supply strategies, the researchers working from the economic perspective
developed a comprehensive information and valuation tool with which all traffic
related costs and incomes of the cities can be displayed – even the hidden ones.

- From the methodological perspective the focus was on a critical analysis of re-
search questions and methods in the traditional research on transportation plan-
ning. Based on this analysis a new research approach was developed using the
idea of an ecology of transportation (‘Verkehrsökologie’) and a traffic genesis
analysis (‘Verkehrsgeneseforschung’).

These research approaches were investigated in four subprojects.
To obtain the best possible mutual understanding and adaptability between the

subprojects a sophisticated system of co-production, interfacing workshops and ex-
change of findings was established.

Even though there were four subprojects it was possible to achieve successful
integration. The cooperation of a number of researchers from several institutes and
different disciplines in each of the four subprojects was one of the most important
factors for the successful integration of research. The fact that the disciplines and
institutes did not work separately, but together, in each of the subprojects became
one of the success stories of the project. Since the integration process occurred not
only on the main integrating path of the project (so called ‘main project’), but also
at the level of every sub-project, debate on the mutual learning, alien methods from
other disciplines, and strange research ‘cultures’ etc., it had to be conducted from the
beginning and at every level. This prevented conflicts resulting from a huge, rather
synthetic phase of integration at the end of the project. The establishment of rela-
tionships between disciplines and researchers during the research process, and the
links between the various areas of knowledge, was obviously an aid to integration.
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In retrospect, one of the most important features of the project construction was
this collaboration in the subprojects and the numerous workshops, meetings etc. by
the subproject members and by the whole team. This considerably enhanced the
integration demanded by the projects’ aims.

The project structure also facilitated the cognitive integration of the findings.
The researchers working in the subprojects interacted with those from other sub-
projects in a way that promoted the integrative path of the project. This path – the
main project – followed the rationale of a rather conservative research pattern and
included six phases:

1. recording an urban inventory of the transportation system and its ecological
impacts

2. working out empirical based options for and restrictions to the mobility
behaviour, the transportation infrastructure and the city development

3. mapping scenarios concerning the development of the transportation system and
its ecological, economic and social impacts for both the model cities

4. working out an integrated impact assessment of the strategies developed
5. conducting an intensive phase of transdisciplinary integration (see Section 6.4)
6. and finally publishing a guide for communities and a book on the general findings

aimed at the scientific community.

Thus, the cooperation throughout and the integrative path of the main project pro-
vided a solid basis for integrating the multiple kinds of knowledge resulting from
the subprojects as well as the main project.

6.4 The Twofold Transdisciplinary Integration

The process related integration was facilitated by the integration of the following
areas of the conceptual framework:

- the three-dimensional mobility concept,
- the concept to decouple mobility from auto-mobility,
- the integrating management and cooperation concept etc.

Consequently, the task of the final integration phase (Phase C) of the project was
to connect and to condense the respective results from the subprojects and the main
project into an overall perspective.

It was the aim of the final process to integrate corresponding, as well as differing,
findings from all project parts into relevant conclusions for the practitioners in the
cities and for the scientific community. This twofold outcome is a significant aspect
of transdisciplinary research projects: it has to be a concentrating process, targeting
two very different groups and their questions and needs. The integration process was
therefore divided into:
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- integration at the level of concepts and methods, and
- integration at the level of the communal transformation strategies.

Transdisciplinary research projects should aim to differentiate between and bring
together the different perspectives of practitioners and scientists, who also learn
from this process. In the CITY:mobil project the first (scientific) integration level,
for example, determined factors affecting mobility behaviour, bridging concepts for
developing questions involving the actors and the transportation system as well as
research and transformation. These integrated results had consequences for research
methods and designs, for theoretical concepts and new research questions.

The goal of the integration process in developing communal transformation
strategies was to catalogue strategic measures for key actors in the transportation
sector and to evolve planning and management tools. The approaches include strate-
gies to decrease the number of cars, to improve the performance of the public trans-
port system, to promote cycling, to change space/time patterns and to develop new
planning tools.

In order to guide the reader in the field of transdisciplinary integration we list the
most important factors that helped ensure successful integration. In each of the three
stages of a research project (see Section 6.2) there are special working procedures,
measures or attributes that aid transdisciplinary integration.

The following list is one of the results of the recent project ‘Evaluation Net-
work for Transdisciplinary Research (Evalunet)’ in which a comprehensive set of
evaluation criteria for transdisciplinary projects (and hints for their development)
was identified in an analysis of research projects. This analysis resulted from an
intensive discourse between the researchers of the transdisciplinary projects and the
evaluating experts (Bergmann et al., 2005).

6.4.1 Phase A

- Formulation of a common research object: The societal problem has to be re-
formulated as a scientific research object that fulfils the function of a boundary
object, which frames the process of identifying the main research questions.
This should be arrived at in a way that all participants (researchers as well as
practitioners) accept it as a guideline for their work within the project. With the
formulation of the common research object a very important cognitive basis is
provided for the integration and for the ‘commonality’ (Klein, 2003, p. 107) of
all participants in the research process.

- Differentiation and the integrating potentials of differences: The research team
has to collectively identify and discuss the differences between the specific disci-
plinary approaches, methods and theoretical concepts and decide on the research
paths and integration of the various results. The research assignments of subpro-
jects (or other structures of single research tasks or paths) should not be separated
into disciplinary oriented tasks – in the mistaken hope that the overall integration
at the end of the project will close all gaps between them.
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- Structuring and mixing the team: The strategy regarding the research personnel
should – according to the subproject strategy mentioned in Section 6.2 – be
conducted with the idea of the best possible mix of participating disciplines,
methods etc. Therefore, the team should avoid splitting the research tasks among
the participating institutions. A (sub) team composed of researchers from differ-
ent institutions and fields should cooperate in each of the subprojects (or other
structures of single research tasks or paths). This strategy facilitates the mutual
understanding and learning and ensures that the integration process is an integral
part of the subproject.

6.4.2 Phase B

- Integrative structure planning: A detailed network plan has to be undertaken at
the beginning to create a realistic schedule for the research work and – above
all – to be able to correlate the different research paths and their results at the
right moment of the process. This is even more important when one subteam has
to build on the results of another and is dependent on this preparatory work.

- Tools and working procedures: There are a number of procedures, tools and
measures that can be used to organise the cooperative research work between
the disciplines to ease the mutual understanding and integrating process for the
whole group and the subgroups. There are partnerships between researchers from
different disciplines for mutual control of the comprehensibility and integration
potential of results or publications; common systems of categories for the de-
scription, analysis and forming of the research objects; multi-criteria assessment
methods and moderated integration workshops. This seems to be a promising
procedure for cooperation and mutual learning in interdisciplinary settings.

6.4.3 Phase C

- The twofold transdisciplinary integration process: The ideal type of transdisci-
plinary integration can be regarded as a success when the generated and inte-
grated knowledge (integrated by means of the instruments mentioned in 6.4.1 and
6.4.2) can be incorporated into practical problem solving strategies as well as into
new interdisciplinary knowledge. Ideally, both scientific innovation and societal
transformation should be gained. New integrated objects of a second order can
be the result – problem solving strategies addressing key actors and management
tools, as well as theoretical concepts, methods and new research questions. De-
pendent on the integration steps undertaken during the project planning and the
research process, this final phase of integration can be more or less laborious.
Most transdisciplinary research projects do not manage to come up with both,
readily achievable strategies for social transformation processes and innova-
tive scientific methods, tools and theories. This is also true for the CITY:mobil
project. It demonstrates how high the standards are set in transdisciplinary
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research programmes which demand equally successful results in both the
practical and the scientific sphere.
Thus, both the ‘arms’ shown at the end of the research process in Fig. 6.1
demonstrate the ideal of such project results – which can very seldom be matched.

6.4.4 Integrated Model Phase A to C

Transdisciplinary integration is not a task for the very end of a project. In fact the
integration has to be in process during the whole of the project: from the preparation,
through phases A to C.

To meet this challenge it is helpful to have a model that can be used as a practical
planning and evaluation tool. On the one hand, it functions for different research
settings on the basis of its universality. On the other hand it is so differentiated that it
can help to identify essential points in decision making processes in project routines.
Such a model has to be practical, but also – in the sense of understanding science as
a scientific problem transformation – has to allow self-reflection. The model aims
at supporting research projects in the planning phase (ex ante) and allows quality
assurance during the process itself or through external or internal evaluations (ex
post) (Fig. 6.2).

Obviously this model is used to describe the concrete research process of CITY:
mobil shown in Fig. 6.1. With this methodological tool it is possible to plan or

Fig. 6.2 Model for transdisciplinary research processes (source: Becker and Jahn, 2006. p. 325,
translation by the authors)
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classify the different types of transdisciplinary research projects along the lines of
chosen research settings and project goals. Of course, not every project has to go
through the entire cycle of the model and its individual paths with the same inten-
sity – this model represents an ideal.

6.5 Project Results

The publications resulting from the project were clearly divided into those for
the communal planners and politicians and those for the scientific community.
The ‘Guide for Planning a Sustainable Urban Mobility’ (‘Planungsleitfaden für
Stadtverträgliche Mobilität’, CITY:mobil, 1998) obviously belongs to the first cate-
gory while the book ‘Sustainable Urban Mobility’ (‘Stadtverträgliche Mobilität’,
CITY:mobil, 1999) recapitulates the project findings for a scientifically oriented
readership. However, it is not easy to assign each of the project results to only one
of these two domains.

The main instruments and measures elaborated are:

- An empirical market research and marketing instrument, specifically targeting
groups with different mobility behaviours and attitudes. This aims at shifting the
group members from the car to other mobility modes and encourages them to
stay with public transport or cycling etc. This new research focus and method
is called mobility-style research (Götz, 1999; Götz and Jahn, 1998). It is a new
research approach, which gives important information to transportation planners
and companies. This instrument has subsequently been further developed and
has been used in a number of different interdisciplinary and transdisciplinary
research projects. It increasingly became a substitute for official transporta-
tion research and planning systems (used for surveys for transportation plan-
ning), which do not take into account attitudes or life-styles etc. in their survey
design.

- A computer learning model of the cities (MOBIDYN) combines three modules:
transportation networks; allocation of numerous types of different housing areas
and work places; and mobility behaviour. It helps planners to understand how
such parameters influence the results of their city and transportation planning
projects. This model has been enhanced to become a regular planning tool for
planning engineers. It is also a new tool for researchers.

- With the aid of the newly developed information system called Least-Cost Trans-
portation Planning (LCTP) planners and politicians were able to receive com-
prehensive information about all expenses (including hidden expenses) for the
transport sector and its sources. This is a new comprehensive information base
on which to make project decisions. It was further developed, in later research
projects carried out in cooperation with representatives from the planning depart-
ments of a number of German cities, as a standard planning tool for communities,
especially as an interdisciplinary information tool for transportation and budget



100 M. Bergmann, T. Jahn

planners. This project result therefore became an instrument for further research,
as well as for concrete urban planning.

- The ‘Action Impact Assessment’ (‘Handlungsfolgenabschätzung’)was developed
and put to the test as a new integrated method for the ex ante evaluation of
transportation projects and their ecological, economic and social impacts, and the
problems faced when putting them into public policy. This instrument is primarily
a useful scientific tool. It was designed and used to assess the developed results,
strategies and measures under the two different heuristic research perspectives
‘target group behaviour oriented intervention’ (‘Zielgruppenorientierte Verhal-
tensintervention’) and ‘systemic mobility management’ (Bergmann et al., 1999).

- Most of the 28 measures for a new mobility management in cities were scruti-
nised in an interdisciplinary organized description course – the ‘Action Impact
Assessment’. This assessment takes into account topics such as ‘The transport
company as a user oriented mobility provider’, ‘The integration of the bicycle’,
‘The strategic mobility management – the C:M2 process’ and ‘The assessment
of impacts of planning action’.

6.6 Recommendations

First of all, one of the main recommendations resulting from this project may sound
slightly banal but is nevertheless extremely important for successful complex trans-
disciplinary research: success or failure in the research process with its transdisci-
plinary integration requirements depends on the fundamentals being established in
the initial phase of planning, formulation and construction of the project. This is
essential for achieving a common conception of the work with its cognitive, social,
communicative and technical aspects. It will be difficult to straighten out mistakes
or omissions made in the initial phase during the later research process.

The success of a project depends largely on an awareness of the importance of
defining achievable project goals and being conscious not to measure project success
solely on the implementation of its results in the real world. To measure the success
of transdisciplinary projects it is more practical and effective to define project goals
oriented with the three phases of transdisciplinary research processes and the en-
visaged integration level. The CITY:mobil project, owes its success to the intense
cooperation within the research team (about 20 individuals) from the start and to
their distinct integration skills. The results were achieved due to the degree of inter-
est in collaboration and the newly developed methodological integration procedures.
Implementing the measures would need a period of 10 or 20 years because mobility
is a highly ‘charged’ topic in our society, so an evaluation of these measures would
be hard to achieve in the short term.

Moreover, the cooperation of science and practice requires a consciousness of
the problems faced by others, which has to be kept alive during the whole research
process. It would need another article in this handbook to reflect on the reasons for
the problems that arose in the cooperation with the model cities. The impacts of this
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project are more an influence on planning tools, methods and policies, than artefacts
in the model cities. This is due to important reasons such as: political changes dur-
ing the five years of the project; a lack of readiness by the city governments and
departments to cooperate across the department boundaries; and the researchers’
preoccupation with overcoming a lack of appropriate research methods. There were
considerable consequences in the scientific fields engaged in planning, measuring
and surveying in the areas of transportation and ecology. The knowledge base for
planning sciences and their curricula has changed as a result of this project.

By the way: the integration in the project was to such an extent that an indi-
vidual’s contribution to the main publications at the project’s conclusion were not
acknowledged: they were published in the name of the research network CITY:mobil
[1998, 1999]. It was difficult for participants to be denied adding a named publica-
tion to their list. The system of reputation in the scholarly world relies on revised
articles but does not acknowledge highly integrated papers published under a group
name.
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Chapter 7
Shepherds, Sheep and Forest Fires:
A Reconception of Grazingland Management

Bernard Hubert, Michel Meuret and Joseph Bonnemaire

Abstract New research relating to Mediterranean grazingland management issues,
e.g. fire hazard control, biodiversity conservation, vibrant rural areas, etc. addresses
the role that livestock farming systems can play. Established technical knowledge
about livestock farming cannot contribute to these issues because it relies on stan-
dardised animal feeding techniques, focusing on cultivable forage areas and distri-
bution of feed. These have led to the decline of the herders’ knowledge of grazing
management and of herding practices. Thus original research works were needed.
The works have been carried out by an interdisciplinary team of researchers in
animal sciences, ecology and social sciences, from an INRA laboratory in Avignon
(France).

The research focuses on how the herders interact with ecosystems and land-
scapes through the management of their flocks, and investigations deal with the
question of ‘how can one steer grazing for animal production and environment
maintenance?’ (i.e. control scrub development, maintain biodiversity and promote
the habitat of particular populations of plants and animals in need of protection).
The paper presents the chronicle of this research over twenty years. It asks how
the problematic evolved as a result of the accumulated scientific knowledge and the
shift in societal questioning in relation to the rise of environmental concerns and the
changes in rural and residential issues. Field observations, surveys and inquiries,
public policies analysis, farm monitoring and systems modelling were used, com-
bined or successively, in the course of five different research stages.

The authors lead up to an analysis of the different epistemological standpoints
of disciplines and types of actual action representing a transdisciplinary approach.
This approach is founded on a distributed view of knowledge, articulating different
forms of scientific knowledge – according to the set of involved disciplines – and
lay person knowledge and know-how in order to produce relevant categories and
rules of action.
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Keywords: Problem oriented research · Knowledge and action · Forest fire
hazards · Grazing and herding practices · Mediterranean areas

7.1 Introduction

A knowledge production activity such as research, when carried out outside the
boundaries of conventional academic frameworks in order to deal with complex
‘objects’, challenges the forms of organisation that commonly define this activity.
This is a dynamic that furthers science by inducing a reflexive process in the research
activity. This type of situation, i.e. research on issues relating to practice, is carried
out through partnership work between researchers and other, non-researcher, actors.
Contemporary issues generate such situations in abundance!

The ‘reflexive modernity’ approach (Beck, 1992) invites us to deal with such
issues by learning to be reflexive together. This includes the people who pose the
problems, those who are implicated in the problems and those who help deal with
them. Many environment and farming related issues are closely tied to current or
past practices and founded on considerations of risk and accountability. Can one
fight scrub encroachment on pastoral areas without questioning the livestock sys-
tem models developed over the past 40 years, i.e. standardisation of animal feeding
techniques, concentration on cultivable forage areas and feed distribution which
attended the decline of herders’ knowledge? This is a major change of perspec-
tive which fully justifies systems approaches and actions: the purpose is not, or no
longer only, to analyse systems but to act systemically. A move advocated by Peter
Checkland (1993) and Jean-Louis Le Moigne (1983) many years ago.

In conventional approaches, researchers start with the tools and concepts of their
discipline, which they will then try to adapt and extend. For instance they will seek
to define the nutritive and feeding values of plants so that livestock farmers may
feed their herds or flocks by grazing them on lands whose forage value is better
known, while at the same time better controlling invasive scrub vegetation. In short,
the issue tends to be reduced to discipline-specific ‘objects’, e.g. ‘animal feeds’,
which refers back to problems of fibrosity, digestible nitrogen, essential amino-acid
rates, etc. through nutritional physiology and microbiology. Outputs are expressed
as ‘Tables of Feeding Values’ of feeds for domestic animals and partly reflect present
French livestock systems. However, in the case of complex plant covers, which offer
animals simultaneously several dozen grass species, lianas, and a range of tree and
shrub leafage during each meal; and when at the same time management objectives
grow more complex depending on whether the primary aim is to restore, protect or
preserve habitats; researchers are progressively driven to develop and define new
objects, starting with a rigorous analysis of the situation or of the issue as it appears
to the field actors.

This unavoidably means identifying the objects which are the focus of action
on ecosystems or landscapes, i.e. the categories used by the livestock farmers.
The problem then reformulates as: how can one use a herd or flock to act on an
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‘environment’ – or subsets of an environment – in order to boost herd or flock
production, control scrub development, maintain biodiversity and promote the habi-
tat of particular populations of plants or animals in need of protection? As a result
the research question is transformed from ‘producing knowledge on the use of an
environment’ to ‘how can one steer grazing for dual objectives’, i.e. animal pro-
duction and environment maintenance? The question has shifted from the relatively
conventional objects of a discipline (‘intake behaviour in animals’) to the objects of
action and management (‘steering intake at grazing’).

In addressing such issues, research must therefore unavoidably engage with other
occupational sectors who have their own (political, economic and social) objectives,
their own concerns and constraints, different emergencies and paces, and more often
than not, different interests, standards, norms and values from those of researchers
irrespective of their discipline. Problematics such as ‘decision support’ associate
researchers who produce models and tools and actors who implement them in real
situations in order to solve their own problems.

How complex problematics lead to testing the disciplinary frameworks is illus-
trated by a 20-year research programme on grazing in rangeland areas of southern
France. We shall then analyse research attitudes and standpoints raised by coopera-
tion between researchers and non-researchers and among researchers from different
disciplinary backgrounds. Finally we introduce an epistemological representation
of trajectories in transdisciplinary research.

7.2 Background

To illustrate our purpose we selected the example of research on grazing in the
Mediterranean rangelands of southern France subject to scrub encroachment. In the
course of these studies we attempted to apply scientific methods to new objects in
which biological processes are coupled with the strategies farmers apply to manage
these processes. The material foundation of such objects is clearly biological, but it
assumes new ‘qualities’ all along the processes which organise production. Rather
than recording facts that have been evidenced, these studies aim to highlight the
interconnections that give sense to the production systems and the objectives of the
people who manage them. This enables the identification of categories that are both
relevant for action and scientifically meaningful.

This research programme has been carried out by a multidisciplinary research
team, the Ecodevelopment Unit of INRA in Avignon, in collaboration with farm-
ers, cooperatives and technical advisory bodies. The Ecodevelopment Unit was es-
tablished in 1982 to participate in research on the contribution of small ruminant
husbandry to the prevention of forest fires in Provence. The research problematic
has evolved over the past twenty years as a result of (i) the accumulated scientific
knowledge produced both in individual disciplines and as a result of confrontation
and interaction between disciplinary fields – animal sciences, ecology and social
sciences, (ii) a shift in societal questioning, the rise of environmental concerns, the
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growing concern for the biodiversity of Mediterranean rangelands and for an envi-
ronmental rather than purely technical approach to issues linked to forest protection.

For brevity’s sake and to illustrate our approach, the only results presented here are
those relating to our study of herding practices. Other studies explored the technical
livestock systems in extensive situations, their management and outputs, the design
and implementation of public policies regarding the environment and forest fires,
the methods of controlling fuel biomass and the forms of collective action among
heterogeneous stakeholders concerned with a shared problem on these various issues.

Table 7.1 shows the main stages in the construction of this approach which was
initiated some 20 years ago and in which we individualised 5 stages, each charac-
terised by different study objects. For each stage (related to a time period in Column
1) we indicate in six columns:

- the issue as identified in the field
- its translation into a research question and its expression as a study object
- the main disciplines involved
- the research objects designated as ‘Level 1’ around which transdisciplinary

research organises itself
- the main outcomes of these studies
- the ‘Level 2’ research objects, which express a more formal return of the ques-

tions raised within the corresponding conventional disciplinary fields.

Table 7.1 illustrates the process by which a complex issue (Column 2) is translated
into a collective and multidisciplinary research question – the central stake of such
research programmes – through the construction of a ‘study object’ (Column 3)
detailed into several research objects (Columns 5 and 7) that are relevant from the
standpoint of each discipline (Column 4), sometimes even of discipline couples.
Outputs, including scientific results (Column 6), issued from interactions between
the research team and stakeholders (Hubert and Bonnemaire, 2000). What matters
is the return contribution of these different outputs to the original issue through
the development of new action categories and rules. These cannot be formulated
without some interaction with the ‘result users’, i.e. the actors who contributed the
initial question from which the research problematic was derived. Having been thus
collectively identified (Column 3), the research question corresponds to types of
objects that have been co-constructed, shared, and dealt with in interdisciplinary
programmes. Sub-phases outputs within each stage (as used in Fig. 7.4) are quoted
within brackets in Column 6.

7.3 Problem Investigation

Broadly, these five stages succeeded one another, albeit with some overlapping
since the beginning of the research by INRA’s Ecodevelopment Unit. The first
stage embraced the beginning of the programme, which was initiated at the request
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of the various stakeholders of Mediterranean forests (foresters, local councillors,
livestock farmers, etc.). It focused primarily on the role that domestic herds and
flocks could play in controlling excess inflammable forest undergrowth biomass
where fires generally start. This stage involved animal scientists and ecologists who
first sought ways to measure the daily intake of flocks in such environments, a step
never attempted before in animal feeding science (Meuret et al., 1985). The results
confirmed quite early the value of grazing for controlling scrub – showing the im-
portance of flock management patterns and therefore of the farmer’s role – and not
only the efficiency of one or other animal species or race (Etienne et al., 1990; Joffre
et al., 1991). It also highlighted the very high intake capacity of domestic animals
used to feeding in such environments where they constantly consume a wide di-
versity of plants. The recorded intake levels were considered to lie far outside the
standards established in experimental situations (Meuret and Giger-Reverdin, 1990).
These field observations were subsequently validated by tests in digestibility cages
specially designed to partly mimic the diversity of food the animals were used to
grazing in the field (Meuret, 1988). The results showed that the feed value of these
scrub-covered stretches of land was double that expected until then! At the time
the plant aspects could not be adequately dealt with, dominated as it was by the
‘Pastoral Value’ dogma (Daget and Poissonet, 1971). The Pastoral Value (PV) is
actually unable to take into account the relative nature of food preferences which
animals express, according to the state of the offered food, its diversity (diversity of
species, of plant organs, of phenological stages, etc.) and proximities. Besides PV
ignores the feeding value of most shrubs to which it attributes a null value.

The lack of disciplinary knowledge of biological processes, i.e. an exceptional
and daily intake of plant mixes by the flocks, triggered the second research stage,
which began with enquiries to the practitioners used to manipulating the feeding
motivation of their flocks, i.e. the shepherds. These declared from the outset that
‘the everyday challenge is to offer the flock the feeding resources within a sequence
that constantly revives the appetite’, a standpoint on the intake process which animal
nutritionists were quite unable to deal with at the time. Research in this second stage
associated animal scientists and anthropologists who carried out observations and
in-depth enquiries with a wide range of livestock farmers and shepherds. There re-
sulted a first representation of the ‘steering of grazing circuits’, the ‘MENU’ model
(Fig. 7.1), based on the criteria of experienced shepherds. MENU makes it possible
to design, for the length of a bi-daily grazing circuit, a succession of complementary
areas whose coordinated use stimulates intake in a less palatable ‘target area’ (e.g.
an area to be cleared of scrub) (Meuret, 1993). This type of grazing practice confirms
that no individual plant or fenced grazing area possesses an intrinsic value that can
be defined in the absolute and mapped. They all possess a relative, circumstantial
value, linked to the way the shepherd stimulates the feeding motivation of his flock
to a lesser or greater degree (Meuret, 1997). The MENU organisation takes advan-
tage of the heterogeneity of rangeland plant resources and encourages the use of
‘stimulating feed mixes’. On the other hand, conventional experimental data are
based on the evaluation of foods considered individually to produce a metrology of
ingested quantities and feeding value of each food.



7 Shepherds, Sheep and Forest Fires 111

Fig. 7.1 The MENU model enables a shepherd to stimulate intake on a “target-zone” that would
be insufficiently attractive to the herd without a particular organization of the grazing circuit (each
corresponding to a half day or a meal). The shepherd takes advantage of spatial heterogeneity
of the land in designing the circuits so as to give the herd access to an appropriate succession
of contrasting sites (meal phases) in terms of relative palatability and resource abundance (after
Meuret, 1997)

The following two stages were almost concurrent. One sought to investigate in
depth the intake process of animals on rangelands. The approach associated ecology
and animal sciences, in order to better understand and interpret the earlier observa-
tions of grazing practices carried out with the contribution of shepherds, and to make
them intelligible to the increasing number of actors concerned with grazing on areas
designated as remarkable in environmental policies (protected areas, conservatories,
Natura 2000 network, etc.). These actors had progressively noted the relative use-
lessness, in the situations they had to deal with, of the technical recommendations
available in livestock science (Chabert et al., 1998). Beside contributing original
knowledge of the ‘feeding strategies’ of animals on diversified grazinglands, which
required spectacular advances in the modelling of biological processes with the help
of bio-mathematicians (Agreil et al., 2005), this stage also produced a model of the
spatio-temporal organisation of grazing on rangelands for the use of livestock farm-
ers and managers of areas of specific interest: the ‘GRENOUILLE’ model (Fig. 7.2)
(Agreil et al., 2004). This organisation model is based on the categorisation of the
wide diversity of vegetation occurring in the paddocks to be grazed – at times con-
fusing and therefore disheartening for a farmer – into only a few ‘functional foods’
fairly easy to identify on the basis of the distinct plant structure offered to the animal:
‘large’ and ‘small’ foods which allow a higher or lower intake rate (gmin−1).
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Fig. 7.2 The GRENOUILLE method enables a sheep farmer to detect and adjust the “functional
feeds” to offer within a paddock made on a very diversified vegetation. A minimum of experience
or preliminary observations with the same flock are needed for the five diagnostic stages (Nos 1–5).
The one indispensable functional feed is the “Permanent large” food (G2). It enables the sheep to
stabilize their intake within each meal sequence and between days, both in terms of quantity and
quality. The indicator for taking the flock out of the paddock becomes simple: is enough G2 food
available (grasses and shrubs whose format enables the sheep to take easily large eating bites) (after
Agreil et al., 2004)
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The other concurrent stage aimed to better understand the factors underlying
the increasing weight of environmental stakes centring on biodiversity preservation.
These concerns aimed to change rough grazinglands, that had been marginalised
by the technical models developed in the name of agricultural ‘modernisation’ in
the 60s and 70s and ignored by grassland research, into areas of specific interest
listed in international agendas and for which new forms of public incentives were
devised and implemented in order to maintain them in their existing state, thus
avoiding their reversion to an ecologically more banal forested state and contributing
to landscape uniformity that makes them more susceptible to the development of
major forest fires ravaging hundreds or even thousands of hectares (Deverre et al.,
1995; Hubert et al., 1995; Alphandéry and Billaud, 1996). Researchers in sociol-
ogy, agro-economics, management sciences, ecology and animal production science
are currently involved in this work. The social sciences were thus induced to take
into account the facts of ecological functioning, of know-how and skills and of the
devices used to act on certain dynamics and steer them towards states considered
to be more favourable (for the feeding of animals, protection against forest fires,
biodiversity management, landscape conservation, etc.).

Finally, the most recently initiated stage in the research centres on interactions
between grazing and plant dynamics at the level of plant communities, in situa-
tions where feeding herds and controlling scrub species with a strong dominance
capacity detrimental to biodiversity, is the principal objective. This stage, which
capitalises on newly acquired knowledge on the ‘feeding strategies’ of grazing and
browsing animals, involves the participation of ecologists specialising in plant pop-
ulation dynamics. Their purpose is to reconsider accepted views on the diversity
of plant species that compose these heterogeneous environments and the effects
of the animals’ selective feeding choices on the dynamics of this diversity. In this
innovative transdisciplinary articulation, plant ecologists attempt to progressively
approach their biological ‘object’ from the animal’s standpoint and its motivation to
consume complementary plant structures, i.e. ‘large’ and ‘small’ foods, in the course
of a meal. An initial conceptual model, BALPOP, has been proposed (Magda et al.,
2005) which articulates the very short time span of feed choices with the longer
time span of plant community dynamics. As an output it proposes a couple of multi-
annual scenarios of field utilisation patterns. These make it possible to interrupt or
limit the reproductive cycle of over-invasive shrubs through browsing of a series
of ‘target plant organs’, which moreover correspond to the ‘functional feeds’ of
animals.

7.4 Problem Rebuilding

In field recordings emphasis is therefore, logically, on the diversity of the resources
consumed and their organisation within meals (Agreil et al., 2004). One no longer
seeks to fine-tune herding practices on a daily basis food ‘offer’ and ‘demand’, as
is the case in conventional trough ration feeding, or even on artificial pastures, on
the basis of a few parameters selected because they are the only ones that can be
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measured in the paradigm of conventional animal science. The land to be grazed
or browsed having lost its negative qualifier of ‘heterogeneous grazingland’ is now
viewed as a set of potential resources, within which one must encourage interactions
that can improve the animals’ appetite while steering their impact on the plant cover,
given the available knowledge on feeding strategies in animals and the response of
plants to grazing and browsing.

Several types of research outputs have been achieved: organisation models, such
as MENU and GRENOUILLE, developed from the joint modelling of scientific and
livestock farmer knowledge, a commercial feed that boosts intake at pasture ‘Spécial
Parcours R©’ (De Simiane and Meuret, 1994), and handbooks and recommendation
leaflets on the use of different environments according to the objectives assigned to
grazing (Colas et al., 2002). MENU and GRENOUILLE have benefited from recent
theoretical advances in animal nutrition (in particular the concept of ‘instantaneous
palatability’ of foods) and enable livestock farmers and environmental managers, as
well as specialists in ruminant feeding, to discuss innovative management patterns
for herds and flocks induced by environmental issues. By drawing in and organising
appropriate concepts (the successive ‘courses’ of a menu-circuit, the ‘meal’, ‘large’
and ‘small’ foods, etc.) combined with identification in the field of different cate-
gories of functional foods (depending on the species present and their phenological
stages), these models introduce new categories for action (new for both the scien-
tist and the shepherd), which the farmers appropriate by discussing them among
themselves as well as with the researchers.

The rich diversity of such areas defined as ‘environments’ is in fact expressed
as the components of an organised action and not as different categories of plant
covers. As such, it can become a resource to be valorised through innovative herding
practices. Contrary to the notion of ‘heterogeneity’ – a synonym of imposed con-
straints in the eyes of animal feeding science and agronomy – these grazing practices
are designed to ‘build up’ the feeding value of such environments by organising a
feeding context that takes advantage of the herd/flock’s feeding habits, the time
patterns of plant offer, resource encounter over time, and spatial polarisation, etc.

This research dynamics opens the way to developing Level 2 ‘research objects’.
These are closer to the organised disciplines as they give meaning to new ques-
tionings. They provide a base for the current elaboration of new models in animal
feeding through grazing and browsing: plants, plant mixes capable of playing a role
in ‘reboosting appetite’ in the course of a meal as well as for new reflection on envi-
ronmental issues (Meuret, 2004). These Level 2 research objects will cause animal
production science to evolve (Bonnemaire, 2001; Bonnemaire and Osty, 2004) as
they serve as a common working base involving the promoters of the approach de-
scribed above, animal production scientists and animal nutrition specialists (Meuret
and Dumont, 2000) as well as sociologists and management scientists who investi-
gate the forms of representation and styles of management of ecological dynamics
in settings that result from public policies (Deverre, 2004; Teulier and Hubert, 2004;
Hubert, 2005).

As a result, this process may cause disciplines to evolve by having to deal with
objects that have been developed from problems encountered in the field of practice,
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and not only from theoretical scientific frameworks. Under this dual influence,
disciplines will evolve inevitably. We experienced it with animal nutrition science
taking into account the diversity of food items and intake rhythms and with sociol-
ogy taking into consideration the specificities of biophysical processes. The history
of science provides ample examples of how disciplines have evolved through scis-
siparity or through cloning (by changing their theoretical framework for example),
whereas in the process described here scientific disciplines change through their
contact with problems to be solved in the real world. What we witness here is the
joint production of categories that are new for the researchers and of rules that are
relevant for action (as in ‘MENU’ and ‘GRENOUILLE’ models). These differ from
the categories initially formulated by the actors as they are also the result of the
researchers’ work and specific goals, and have been co-constructed through concrete
approaches and cross-learning by the researchers and the stakeholders.

7.5 Problem Structuring

As we can see, in situations involving researchers in partnerships with non-
researchers, the research questions follow actual trajectories during the conception
and the management of the research operations that they generate. These trajecto-
ries express more particularly the evolution of the research programme and of the
partnership situation: they are a constituent part of the objects themselves and of
the research results. But they also are dependant on the diversity of viewpoints that
need clarifying and the scientific postures of the researchers involved.

7.5.1 Problem Structuring According to the Ways
Research Work is Performed

The notion of ‘standpoint’ is used here in the sense given by Legay (1993, 1997),
Pavé (1994), Bonnemaire (2001) and Bonnemaire and Osty (2004) to define re-
search approaches to complex systems, which privilege a specific entry chosen for
its relevance to the objective defined. The standpoint is a scientific one, i.e. a con-
structed, chosen standpoint, contrary to standpoints in our daily life which are not
deliberately constructed. The latter are defined, according to semiologist L.J. Priéto
(1975) by the activities of the subjects and their position in relation to a reality.
Several standpoints are of course possible, as are the different ‘Weltanschaungen’
mentioned by Checkland (1993).

A range of disciplines have thus been brought to play in the different stages of the
programme, each contributing its paradigms, its concepts as well as its theoretical
and methodological frameworks, despite their not being always compatible with
each other. For this reason it was necessary to identify the forms or articulation be-
tween disciplinary postures. A. Hatchuel (2000) identifies three ‘models’ in research
work, each of which corresponds to specific conditions of exercising a professional
activity and of involvement with the different partner categories.
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- the ‘laboratory model’ – most common in experimental research in agronomy,
physics and biology, etc., based on the observation that since the world is wide
and complex, one needs to isolate a part of it in order to investigate it (the re-
searcher will therefore extract a piece of it and separate it from the rest of the
world);

- the ‘field model’ – originating in the ecological, social and economic sciences:
the world cannot be viewed as a closed entity; it is complex and involves a vast
number of interactions. In order to investigate it as it is, be it in nature or society,
the researcher needs to build objects or artefacts to portray it;

- the ‘intervention research model’ – derived from the management sciences and
from ethno-methodological or comprehensive approaches in sociology. This
model assumes that researchers do not stand outside of the world, that they
are stakeholders in the world which they investigate and should therefore place
themselves in situations of interaction by engaging in collective action with the
partners who have called on them.

Hence there exists a direct relation between the researchers’ scientific posture, the
ways in which knowledge is produced and the knowledge itself. The types of knowl-
edge produced will be different according to the work posture adopted, which de-
rives from the disciplinary affiliation of each researcher, as well as their history and
culture. This is an important point, since believing that one stands in a paradigmatic
context, which isn’t the one which one actually stands in, will generate controversies
that lead into impasses (as people can no longer understand each other) or end up
with unacceptable solutions.

In brief, people act according to the way they understand the world and to the
concepts they use to represent it. In this perspective, it is crucial that researchers
themselves have a clear view of the status they assign to their research approach,
to the type of knowledge they generate, to the form of intervention they implement
and to the type of partnership they engage in.

7.5.2 Problem Structuring According to the Perspectives
these Different Standpoints Assign to the World

The diversity of standpoints cannot be piled up on top of one another in the hope this
will provide total understanding of the functionings that are being investigated. Such
an all-embracing vision is unreachable. However, it is crucial to learn to approach
these functionings in a different way, by associating different and complemen-
tary viewpoints through transdisciplinary approaches, as recommended by Richard
Bawden (1997) in a paper on agronomic approaches to sustainable development. He
invites us to break out of the strictly technological and anthropocentric vision that
generally prevails in agronomy, yet warns us against getting trapped in a solely eco-
centric analysis, which, conversely, would privilege a strictly naturalist approach.
For R. Bawden, these options need clarifying in order to both avoid paralysing
confusions and to re-establish the values that convey sustainability to facts within
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their societal context. How then does one change one’s standpoint or create bridges
between standpoints? An analytical grid is needed to find one’s way through this
diversity of perceptions of what appears to be important and the diversity of ways
actors position themselves in order to act.

The grid proposed by Richard Bawden and presented by in Hubert (2002, 2005)
may serve as a basis for designing such a grid. This consists of four sections or
quadrants partitioned by two orthogonal axes: a vertical axis contrasting reductionist
visions of the world in the lower part, with holistic visions in the top part; and a
horizontal axis distinguishing an objectivist (or positivist) vision to the right, from
a constructivist vision to the left (Fig. 7.3). The bottom-left quadrant is not relevant
here and shall not be considered. We shall distinguish:

- a techno-centric quadrant (bottom right) centering on technicity as a means of
developing and valorising nature: at its core lies the notion of productivity. This
corresponds to standardisation, to the production of standards and benchmark
data, as well as to prescriptions as a means of transmitting knowledge.

Fig. 7.3 Three viewpoints on agronomic approaches to sustainable development according to the
grid proposed by R. Bawden (1997). Key words characterizing each of the quadrants and related
action procedures
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- an eco-centric quadrant (top right) in which nature is not solely at the service
of humankind who, therefore, must respect its functionings and dynamics. The
notion of the ecosystem is central to representing the world and its functioning,
cycles, equilibria and dynamics. We are dealing here with coherences, balance
sheets, and not with the absolute objectivation of the things that make up the
world. There is no longer truth per se, about the complexity of the world, but
knowledge that is more or less complete, and therefore uncertain.

- a ‘holistic’ quadrant (top left) where the focus is on social interactions and ‘sol-
idarities’ (alliances as well as oppositions). Besides the functionings of nature,
what is being considered here are the activities, practices, intentions and objec-
tives of human groups who derive their resources from these functionings. There
are no natural systems per se but rather knowledge systems and systems of action
on the world. We need to recognise these different systems and the knowledge
and concepts underpinning these different thought systems (which include the
other quadrants) in order to act on the world: the role of mediation arrangements
and the different representations of these thought systems are to enable such com-
promises. This is a world where emphasis is on coherence rather than objectivity,
so long as we accept the existence of a diversity of viewpoints and that each is
relevant for those people who carry and express them.

In moving from bottom right to top left across this grid one progresses towards
increased reflexivity and recognition of the time span of the temporal processes
involved. Hence reflexivity involves greater awareness of the long term dimension.
Indeed, the differences between the quadrants are the principles and modalities of
the relation to action.

7.5.3 Problem Structuring According to the Resulting
Types of Action

As regards action procedures (Fig. 7.3), when action takes place exclusively within
the ‘techno-centric’ quadrant, the procedures involved are founded on forms of
hierarchical organisation, of standardised knowledge. The model functions on the
basis of planned organisation (in the sense given by Dodier, 1997), in which ‘the
concretization and functioning of objects obeys laws whose designers, the scientists,
detain knowledge ensuring their mastery over networks, in so far as the operators
observe the plans’. Networking procedures are considered to be stable, having been
defined by the designers who possess the necessary functional knowledge in worlds
sheltered from outside intervention. Such has been the case in farming over the
past 50 years resulting in the ‘modernisation’ of French agriculture and the ‘Green
Revolution’. In such contexts, responses to uncertainty or to environmental change
relate to what may be termed ‘first-order changes’ where solving a problem roughly
consists of amending the routines applied, changing the rules or re-adjusting the
bodies of references. For instance one may agree to change regulatory standards
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upwards or downwards on the validated observation that current standards are not
applicable or insufficiently relevant. However the actor networks, the procedures
that activate them and the ways knowledge is generated, remain unchanged.

In the ‘eco-centric’ quadrant, procedures involve non hierarchical deliberative
organisations that foster debates, such as forums. These deliberative organisations
are founded on so-called socio-technical networks in which a great diversity of ac-
tors meet to discuss widely heterogeneous entities such as their individual value
systems, norms and standards and objects related to the ecological systems and
processes in debate (Mormont, 1996; Deverre et al., 2000). Action as well as
confrontations and associations among actors are organised within flexible frame-
works. These forums are open to outsiders to the domain or system being de-
bated: the argumentative framework defines the right of access to the delibera-
tions on the issue in debate and the boundaries, which may generate controversies.
Statements by each participant will thus undergo a translation process within the
group, allowing them to be shared and socialised. The process confers equivalent
status to heterogeneous resources and a priori incommensurable interests that re-
quire adjustments among the actors regarding the very definition of what they are
(Callon, 1989). The process is dynamic, involves power struggle and negotiation
to redirect interests or create alliances on an issue. It also enables the actors to
establish links with other situations they know and thus to steer action and for-
mulate a judgment on its execution (Akrich, 1993). Here, adaptations, changes and
solutions to problems relate to ‘second-order changes’. The whole process does
not stop at just changing the rules and standards, but may also question the prin-
ciples and standards at the source of these rules. In this case the problem to be
solved will need to be formulated within a setting that has been remodelled by the
extended assemblage of actors and in the new terms ensuing from these succes-
sive translations. A given factor or activity examined may prove ineffectual: one
will then need to examine other factors, bearing on other linked processes, which
had not initially emerged. The objects considered have thus altered the network
of actors involved, enabling innovative solutions to be sought for that particular
situation.

The third quadrant is the realm of ‘collective action’, which is more organised
than the forum. Here, organisation forms centre on the social actors. The dominant
concern is no longer an ecology that prevails in the name of ‘nature’, but the analysis
of relationships with nature based on available, tacit as well as explicit knowledge,
and of activities founded on this knowledge and their reciprocal ability to evolve in
situations of interaction with other forms of knowledge and other types of activities.
Central to this is the in-depth transformation of the knowledge of each party – and
not only of their statements as in the above situation – through cross learning pro-
moted by formal interaction arrangements. They are distributed-type organisations
in which a degree of uncertainty as to the functioning of ‘objects’ is acknowledged
as inescapable and an intrinsic part of the technical networks and which accept that
uncertainty is managed locally and publicly as events occur by operators considered
to be the holders of heterogeneous knowledge that cannot be reduced to an only
central body of knowledge (Dodier, 1997). The forms of knowledge, concepts and
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activities of the arrangements will allow rapid responses to ceaselessly changing
situations by confronting viewpoints: emphasis here is on adaptation capacities to
change.

In this quadrant, strong emphasis is laid on design, i.e. construction of the reason-
ing frameworks that underpin the understanding of the world, learning processes,
and the production of new emergent knowledge resulting from interaction among
participants. In dealing with problems in this type of setting and with such princi-
ples and procedures, changing routines and rules as in the techno-centric quadrant
becomes irrelevant, as does challenging the reasonings that underlie these routines
as in the eco-centric quadrant: often challenged are the values at the origin of these
reasonings, and their underlying principles. This involves changing the value sys-
tem, i.e. the problem as posed initially may no longer be relevant and the situation
which had been posed as a problem must then reconsidered from different stand-
points. The problem may no longer exist, or may have shifted to other questions. For
instance solving problems posed by biophysical functionings may require inventing
and implementing new forms of organisation of the activities that generated these
malfunctionings. This involves imagining and implementing novel arrangements
charged with managing new objects developed critically in relation to the processes
examined initially (see for instance Couix and Hubert, 2000 on prevention of forest
fires). The actor networks change along with the forms of their organisation and the
state of shared knowledge, producing novel solutions.

7.5.4 Research as a Situated Activity

Figure 7.4 displays the trajectories followed by the different stages of our research
programme in these four quadrants. Each stage is signalled by its main outputs
referenced as in Table 7.1 (Column 6, within brackets). Most of this research is
seen to have combined approaches situated in several quadrants, producing fairly
different types of outputs. Some of these are situated at the border between two epis-
temological standpoints as a result of disciplinary and methodological interaction.
These borderline areas are where the social sciences will meet ecology or where
animal production science will learn to consider the diets of animals feeding on
rangelands. Our initial work was clearly positioned in the techno-centric (zootech-
nical performances, intake capacity) and eco-centric quadrants (diet diversity). The
second stage, made possible by the contribution of social sciences, started with in
situ interviews and observations to produce quantitative data that could be com-
pared with accepted norms and standards in order to keep in touch with the animal
science community. Thus in the following stages aspects raised in the first stage
were explored in greater depth by mustering new resources in ecology and social
sciences in order to deal with new, shared study objects: the grazed ecosystem, the
‘individual’ actors, the collective dimension of public policy implementation and
new institutional arrangements for field studies.

In measuring the feeding value of forage resources using animals in digestibility
cages, the researcher is clearly positioned in a techno-centric approach
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Fig. 7.4 Trajectories followed by the different stages of the research programme in the three
quadrants according Fig. 7.3 setting different viewpoints on agronomic approaches to sustainable
development. Each stage is signaled by its number and main outputs as referenced in Column 6 of
Table 7.1

(the laboratory model), even when the forage includes holm-oak branches and the
animal is a lactating goat, instead of the conventional model in animal production –
the castrated male sheep – what is being sought is comparability with zootechni-
cal data. Inversely the ‘MENU’ model starts from livestock farmer knowledge and
seeks to make it intelligible to researchers and technicians. The objective here is
to produce generic knowledge from a range of knowledge by mobilising concepts
and methods drawn from several quadrants in an intervention research approach.
Likewise, whereas in Stage 4 the focus is on knowledge and forms of organisation
mobilised in agri-environmental schemes, Stages 3 and 5, concentrate efforts on the
processes underpinning the dynamics of grazed ecosystems and use the field model
to this end, conscious that these ecosystems are managed by people who mobilise
their knowledge in historically and geographically situated contexts.

Collaboration among disciplines thus enables the objects investigated to be stud-
ied without reducing their complexity by combining forms of knowledge aris-
ing from different epistemological postures in a transdisciplinary approach. In our
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opinion, this provides a way to manage the tension between scientific exigency and
societal relevance of the issues we are ambitious to deal with. The former, demands
knowledge outputs that can be validated by the scientific communities concerned
(animal, ecological and social sciences), as they have been produced within their
respective epistemological frameworks but have been approached with the help of
novel research objects and have resulted in original knowledge. The latter expects
knowledge outputs applicable to actual situations, i.e. appropriable by several types
of actors who question their own knowledge in the face of an evolving context that
changes their usual objectives.

7.6 Recommendations

7.6.1 Research as a Capability to Combine Different Forms
of Knowledge Production Activities

The purpose is not to give pre-eminence to the ‘holistic’ standpoint (especially as it
acknowledges the other standpoints): what matters is at least to clarify and recognise
the differences in standpoints and consequently in the related forms of knowledge
and types of stakes. They need clarifying so that they can be mobilised in a comple-
mentary way, as well as knowing where each fits, in order to move from a short- to a
long-term perspective, thus increasing our reflexivity on what is being implemented,
or even challenged. The same goes for research postures, which are also included in
this categorisation.

In the laboratory model output occurs chiefly within the ‘techno-centric’ quad-
rant. The knowledge produced is not readily usable in the ‘eco-centric’ quadrant as
the criteria and modalities in which knowledge is produced in the first quadrant are
not directly compatible with ecological approaches. Taking account of ecological
processes in an approach that would remain strictly experimental, as in agronomy,
requires considerable reductions – if only temporal. The duration of an experiment,
for instance, and the moment it represents in wider dynamics – with the risk of over-
looking ill-identified but crucial interactions, that is, unless one is content with mea-
suring the effect of a few targeted factors whose contribution to an encompassing
functioning would have been explicated earlier. Even in this case work modalities
will need changing and shift to observation protocols in the field and to modelling.
Likewise, dealing with issues in the 3rd ‘holistic’ quadrant can only be achieved by
getting involved as a researcher, in a collective action with the other partners con-
cerned with a problem, which this situation poses to them. Callon (1998) qualified
this approach as a pragmatic communication model linking research and decision
processes, which he differentiates from the ‘diffusionist’ and ‘imperfect knowledge’
models, both of which are not very distant from our two preceding models. In this
model interactions between knowledge systems – the actors among themselves and
the actors with the researchers – open new action and relational fields and foster the
emergence of new ‘communities’ of individual and collective actors linked together
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by scientific and practical knowledge, techniques, standards, cultural preferences
and natural realities; causing knowledge, involvements and exchange networks to
evolve simultaneously.

Our purpose is not to declare a particular posture to be superior to, or more
scientific than another. What matters is to acknowledge that different objectives
cannot be reached by just any research posture and that each posture relies on its
own rules that must be respected: this is the basis of scientificity. That which makes
a difference in the research work are not the objects, but the approaches, which
researchers apply, and the methods they use to investigate these objects. This means
that at a given time along the research process, some researchers at least will need
to engage in interactive approaches with their partners in the projects, thus enabling
the identification and construction of socio-technical objects which will then be
approached by each researcher from the angle of their disciplinary competencies.
The interactions that engendered their construction will guarantee that these objects
make sense for both the researchers and their partners. Each one of the quadrants
aims at specific outputs, all of which are useful in studies whose objectives are to
better take into account the stakes of sustainable development in environmental or
agricultural problematics sensu lato. We need to be able to recognise the relevance
of each posture and its limitations in order to agree on working modalities that will
produce specific and complementary outputs through a transdisciplinary process.

7.6.2 Research as a Dynamic Exploratory Process

In fact the relevance of the study objects and of the questions that they convey rep-
resents a significant driving force in discipline evolution. Research excellence is to
be grounded in the quality of the trajectory, which starting from a complex issue
taken as such, enables the identification of relevant study objects, then of research
objects that hold promising results in each discipline. Hence the importance of mak-
ing explicit the contents of Columns 2 and 3 of Table 7.1, i.e. the process through
which an issue is transformed into research questions and objects, e.g. from how to
control scrub encroachment to how to motivate flocks browsing. The dynamic that
transforms these objects contributes to shifting the boundary between objects and
between disciplines, e.g. animal science, ecology and anthropology (Columns 3 and
4). Disciplinary boundaries are thus put to the test and shift through confrontation
with new objects and their investigation. Such an approach consolidates individual
disciplines whereas excessive compartmentalisation weakens them.

A collective of researchers should report on this progression and, for their part,
scientific bodies should be capable of assessing it and not focus evaluations solely
on contributions to the disciplines as is the general practice when keeping to con-
ventional assessment patterns. Neither is it useful to dig out ‘mythical’ syntheses
when at best one will find activity reports or research contracts. Their evaluation is
quasi impossible and so is their generalisation. The necessary references are lack-
ing when these are aggregates of results forming assemblages of knowledge which
are specific to individual situations and not necessarily easily articulated and made
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explicit. These assemblages of knowledge are unavoidably embedded in different
disciplinary paradigms and can be viewed from different standpoints. They therefore
can be interpreted simultaneously within different disciplines. The outputs of this
kind of contextualised interdisciplinary research are assessed both with reference to
the disciplines concerned and to action in terms of relevant categories and rules of
action.

Modelling, as a rigorous procedure, provides a particularly appropriate and fer-
tile tool in object construction and formalising, owing in particular to the heuris-
tic value of formalised representations in interdisciplinary dialogue (e.g. ‘MENU’,
‘GRENOUILLE’ and ‘BALPOP’). It also enables a simulation of alternatives as
well as the exploration of wider timescales and the legitimisation of implementation
conditions by specifying the validity domain of results. Because of the abstraction
procedure involved, modelling allows the generalisation of the results obtained in
each case study and the formalisation of time dimensions beyond the knowledge
produced in situ in the course of the observation period (Legay, 1997; Hubert, 2001).

A fundamental change is introduced by the reworking of research questions
regarding a societal issue into an ‘object of study’ and its detailing into research
objects (move from Columns 2–3) explicitly situated within an interdisciplinary
framework that is both operational and coherent. It leads to working with processes,
modes of intervention, interactions, coordinations, and flow transfers rather than
with descriptions, stocks or balance sheets. In other words the researcher is invited
to focus on objects relating to management and action, e.g. to set stock a paddock, to
decide to move stock to another one, to organise a grazing ‘circuit’, etc. No longer
can the knowledge produced be separated from the activity concerned.
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Chapter 8
Fischnetz: Involving Anglers, Authorities,
Scientists and the Chemical Industry
to Understand Declining Fish Yields

Patricia Burkhardt-Holm

Abstract The Fischnetz project was initiated for two reasons: fish catches, especially
ofbrown trout, havedecreased by60%over the last20 years in many riversand streams
and the health status of numerous brown trout populations has been found to be im-
paired. Several cantons and members of the public requested that the Swiss Federal
Institute of Aquatic Science and Technology (Eawag) and the Federal Office for the
Environment (FOEN) identify the causes and propose measures for improvement.
This bottom–up initiative led to the transdisciplinary project Fischnetz, which started
out as a nationwide network and lasted 5 years – from the end of 1998 to January
2004. The name of the network, ‘Netzwerk Fischrückgang Schweiz’, abbreviated
‘Fischnetz’, indicated the integrative and communicative nature of this approach. Its
main objectives were (I) to document the health status and the fish decline, (II) to
identify their reasons and (III) to suggest corrective measures. It was hoped that the
fostering of networking would help ensure continued collaboration and information
exchange after the end of the project. Broad public acceptance was, in part, reflected
by the considerable financial support from all 26 cantons, the Principality of Liecht-
enstein, federal authorities, the chemical industry, and the Fisheries Association.

In this article emphasis is placed on how the different stakeholders (fishermen
associations, national and cantonal authorities, researchers and representatives of the
chemical industry) were involved. In particular, building up a network was central
to the integration of the already existing data and know-how of all participants. This
was a prerequisite for identifying knowledge gaps and initiating research projects.
The collaboration throughout the project ensured an efficient exchange of results,
ideas and conclusions enabling the setting of new priorities and agreement on further
procedure and proposed measures.
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8.1 Background

Over recent years evidence has shown that fish populations in many Swiss rivers
and lakes have experienced serious decline. Corresponding data are primarily based
on the yearly records of angler catch, and point to a decrease of up to 60% since
the 1980s (Fischnetz, 2004a). Catch decline was recorded for brown trout, roach,
grayling, nase and many other species, to varying degrees depending on geograph-
ical distribution (Friedl, 1999). However, most data were available for the na-
tive brown trout since this is the preferred angler species and most common in
Switzerland.

The unexplained decline in fish numbers has caused considerable concern, not
least due to the large number of anglers in Switzerland. Approximately 240,000
persons, which is equivalent to 6% of the Swiss population between 15 and 74 years
of age, practise angling at least once a year (Klingenstein et al., 1999). Furthermore,
the income from selling licenses is important for the cantons. With a decrease of
23% in the numbers of angling permits for rivers and streams and 46% for combined
permits for rivers and lakes sold between 1980 and 2000 a significant reduction was
already noticed (Fischnetz, 2004b). In addition, fish are a powerful bioindicator.
Accordingly, concern was raised regarding fish disappearance as humans fear for
their own health. This is underlined by the fact that many Swiss inhabitants obtain
their drinking water from water filtered through riverbanks (including, for exam-
ple, 400,000 people in the canton of Bern). Therefore, an action plan needs to ad-
dress, at least indirectly, questions of relevance to human health. For example when
pathogens or chemicals are detected in fish, the risk of transfer of these compounds
via drinking water to humans has to be considered.

The project was situated at Eawag, and defined as a cross-cutting project. This
type of project is established at Eawag to address multidisciplinary issues, which
are often brought up as a public need. Eawag’s mission statement is to bridge the
gap between science and society by excellence in research and collaboration with
experts outside of academia. In addition, Eawag takes a neutral position and is thus,
favoured as a leader in this types of project (cf. cross-cutting project ‘Ökostrom’,
Truffer et al., 2002).

In this study, firstly, some background knowledge on brown trout is given;
secondly, the phases of the project are presented; and thirdly, methodological
approaches are described.

8.2 Brown Trout Life Cycle

Stream-dwelling brown trout migrate upstream during late autumn or early winter to
headwaters and smaller rivers in order to deposit their eggs in gravel bed structures
where the eggs incubate over winter. Unpolluted water, oxygen-rich water and clean,
coarse gravel are a prerequisite for successful spawning and reproduction. The num-
ber of eggs produced and deposited per female is an increasing function of body
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size (a 30 cm female produces between 800 and 1,300 eggs/year). In Switzerland,
brown trout do not migrate long distances to spawn, but may prefer to move up-
stream to smaller rivers that provide more suitable spawning habitat. To survive
the incubation period deposited eggs must receive sufficient dissolved oxygen. In
Switzerland, oxygen concentration in the running water is generally high. How-
ever, transport of oxygen to eggs will be impaired if fine sediments accumulate over
the spawning site or if the gravel is clogged by fine sand. Additionally, very high
river floods involving sediment transport may uncover buried eggs, washing them
away or destroying them. The eggs hatch in early spring, and the so-called ‘alevins’
remain in the gravel until their yolk-sac is exhausted and then emerge and begin
to take external food (∼April, May). Accumulation of fine sediments also impairs
the ability of alevins to emerge from the gravel after hatching. Soon after gravel
emergence, these fry disperse locally and establish territories, which they defend
vigorously against other fry, and from which they gather their food (Elliott, 1994).
The availability of territories is closely linked to the quality and quantity of available
habitat. Suitable territories are provided by pools, riffles, boulders, undercut banks,
logs, and a sinuous stream bank (high variation in width). Food resources (e.g. prey
fish, insects, drift) are more readily available in streams that provide a diverse river
bank and bed structure, overhanging vegetation, low levels of suspended sediment,
and low levels of micro-pollutants. Poor water quality, especially high concentra-
tions of nitrogen compounds, can also lead to increased mortality of fry. Similar to
eggs, young fry may be washed away by high flows. Young fry are also especially
vulnerable to disease and parasites, which are more prevalent in polluted water and
warmer temperatures. While in many parts of the world, particularly in lakes, eu-
trophication (excessive nutrient inputs leading to algal growth) has caused fish death
associated with low oxygen, this has not been a problem in Swiss rivers because of
low ambient nutrient levels and generally high flow velocity. Since all streams are
ultimately limited in their ability to provide territories and food, there is an upper
limit to the number of fry that can survive this stage. This upper limit is called the
‘carrying capacity’ of the stream and is believed to be an important factor in limiting
populations. After their first year of life, brown trout are less vulnerable to disease
or competition for territories, but their demand for larger territories increases. After
about two to three years, depending on the growth rate, juvenile trout become re-
productively mature and begin to spawn. It is worth mentioning that brown trout in
Switzerland rarely live longer than 5–7 years (Fischnetz, 2004b).

The natural distribution range of brown trout in Switzerland can be estimated
according to the fish zone designations of Illies (1978). This designation system
uses characteristics such as slope, flow, substrate size, and temperature to estimate
the naturally dominant fish species for a stream reach. In addition to designated trout
zones in areas of high slope and low temperature, other species’ zone designations in
Switzerland, including grayling, barbel and bream, may be found in lower densities.
In Switzerland almost all rivers, especially those popular with anglers, are stocked
with trout. Stocking of fry is most common and may occur in either the spring or
autumn. If the densities of native and stocked fry far exceed the carrying capacity,
competition may become so severe that the chance of survival of all fry is greatly



130 P. Burkhardt-Holm

reduced. This will result in a final number of surviving fish that is actually lower
than the carrying capacity. Anglers in Switzerland are required to document, and
submit to the appropriate canton, records of the number, size, location, and date
of all fish caught and retained. However, the number of unsuccessful trips and the
duration of trips are not generally recorded; therefore we do not know whether or
how angler catch behaviour has changed in detail over the last decades.

8.3 First Phase of the Project: The Start and Formulation
of Objectives

In March 1998 representatives of all cantonal fisheries administrations, of the fed-
eral administration and of research institutions came together to discuss the extent
of the decline in fish numbers and the often quoted impaired health status. Stating
the inability to detect the causes at once resulted in the declaration of intent to build
up a nationwide network. The objectives of this network were:

1. To collect, synthesise, and critically evaluate the existing data on fish catches,
population abundance and health status of fish in Swiss rivers over the last 20–30
years; to develop a basis for standardised field monitoring of fish abundance and
health; and to prepare for future investigations on the abundance and health of
fish (monitoring of success).

2. To search for causes/causative factors; to identify the most important causes
of the present situation; and consider their significance. To approach this aim,
twelve hypotheses on potential causes were formulated.

3. To develop and propose options for correction.
4. To provide continuous and unbiased information on the project to the public and

the scientific community.
5. To foster synthesis and networking.

8.4 Second Phase: Raising of Hypotheses and Putting
Them into Research Questions

To structure the search for the causes, twelve hypotheses were developed. These
were raised first, in a preliminary form, in March 1998 at a meeting of several can-
tons (Berne, Aargaue, St. Gallen, Zurich, Vaud), the Centre for Fish and Wildlife
Health, the FOEN and the Eawag. Participants ranked the hypotheses individually
according to their own personal assessment of the importance of these factors for
brown trout decline and fish health impairment. After the start of Fischnetz, these
hypotheses were later discussed and partly modified by the project management
team. They included cause-effect relationships at multiple levels, with some overlap
and interaction between them (Fig. 8.1).

As a consequence, the first four hypotheses comprise effects, the latter eight
address potential causes:
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Fig. 8.1 Hypotheses: relationships between the hypotheses and feed back loops. Hypothesis No. 1,
the integrative hypothesis is not indicated by a single box since it is represented by the whole
network of relationships. Primary causes, for which control measures are possible, are indicated by
rectangles; intermediate causes by rounded rectangles and end effects are represented by hexagons.
Arrows indicate the directional influences of one factor on another

- The declining fish catches are due to more than one factor, each possibly having
a different regional significance;

- The fish population is affected by reproductive failure of adult fish;
- or from reduced recruitment of young life stages;
- The health and fitness of the fish are impaired;
- Chemical pollution (both nutrients and micro-pollutants) is causing harmful

effects;
- Poor morphological quality and longitudinal connectivity of rivers affect fish

survival and recruitment;
- The relative amount of fine sediments has increased and led to sediment clog-

ging, which reduces spawning success and disturbs the embryonic development
of brown trout;

- The amount or quality of food is insufficient;
- Fisheries management, i.e. stocking and angler behaviour are causing the declin-

ing fish catches;
- Excessive removals of fish by birds is responsible for apparent declines;
- Water temperature has changed to the disadvantage of the fish, especially trout;
- High floods in winter and corresponding sediment transport have changed

detrimentally.

However, for reasons of transparency and demonstration of our respect for the pre-
ceding compilation by the participants of the first meeting, which put the hypotheses
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together for the first time, we stuck to these hypotheses to a large extent. The
hypotheses were put into specific research questions and compared to existing
knowledge. Knowledge gaps were filled with results from new projects. The proce-
dure was as follows: According to disciplinary and professional background, each
member of the project team was appointed as an expert and was responsible for one
to three hypotheses. For some hypotheses two or three persons were responsible. For
each hypothesis, a detailed research plan was developed according to the business
plan, answering the following questions: Why is this hypothesis reasonable? How
important do we judge this hypothesis to be (and why)? What knowledge is already
available? What are the open questions and which of them are most important to
confirm or refute the hypothesis? What would be the best and most feasible way
to raise and collect data? How could this be done and who has the knowledge (re-
garding data or regarding methodological know-how) and capacity to do this? When
should this be done? Which questions are of the highest priority as well as in con-
text to the other hypotheses? What would this cost? At a two-day retreat, all project
members came together to discuss and further develop this detailed research plan. In
particular, the intention was to put the hypotheses together in a context, to prioritise,
to build links between the suggested sub-projects, and to decide on the budget and
responsibilities. Decisions were made and out of 22 suggested sub-projects, 13 were
initiated for the current year, the others planned to start the following year.

8.5 Third Phase: Addressing Research Questions
on Documentation and the Search for Potential Causes

The longest phase took almost 4.5 years of the whole project duration. During this
time sub-projects were carried out, connections between them were drawn and syn-
ergies were created. Fierce debates and discussions on the background, traditional
knowledge and interpretation of the results of sub-projects shaped this phase.

The decisions about the type of study and how the studies were conceived were
based on feasibility (time, money, personnel resources), the priority given to the cor-
responding hypotheses and the already available knowledge. Besides internationally
distributed knowledge available in the literature, we were aware of the additional
knowledge that was not published or only available in grey literature, in particular
regarding the Swiss situation. This comprised knowledge of existing problems on
one hand (studies on problematic rivers and streams, selected due to unusual low
numbers of fish, fish health problems or extreme habitat situations) and on remedia-
tion measures on the other hand and rarely, from rivers and their biocoenoses which
had been continuously studied with the same methods for a longer time duration.

Accordingly, questions were addressed by Fischnetz research studies that were
of high priority, but for which scientifically sound knowledge was rare: for example,
there is considerable concern about the potential of both natural and man-made en-
vironmental substances which affect fish health and reproduction. In particular, the
issue of hormones and hormone-like substances in the rivers found to cause intersex
in fish (a mixed gonad, comprised of both, male and female gonadal elements in
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the same organ) or the synthesis of female egg yolk proteins in male fish raised
concern among the scientific community, the policy makers and the public at large –
many thousands of research papers in the last 10 years and a great number of news-
paper articles have dealt with this issue. Such phenomena were not yet studied in
Switzerland and public concern had to be met as well as scientific interest. Con-
sequently, a research programme was started in Switzerland, initiated by the Swiss
National Science Foundation (SNSF) and FOEN (http://www.snf.nrp50.ch/), aimed
at assessing the hazards and risks that arise when endocrine disruptors are processed
through ecosystems which in turn cause human and animal exposure. The fish catch
decline and the potential role of loss of habitat and endocrine disruptors were stated
reasons for its initiation (nrp50, implementation plan). Accordingly, in the frame of
Fischnetz, we started the project ‘Endocrine Disruption in Switzerland: Assessment
of F ish Exposure and Effects’ (SAFE) investigating the exposure to and effects
of oestrogen-like substances in the surface waters of Switzerland on brown trout
and its potential contribution to population decline. First results showed a low, but
consistent exposure of fish in our rivers to oestrogenic activity, and a synthesis of
the egg yolk protein vitellogenin in male fish (Burki et al., 2006; Vermeirssen et al.,
2005). As more data on the effects of exposure to oestrogenic activity of critical life
stages, such as alevins and maturing fish are collected they will be integrated in a
population model, paralleled by a population study to assess potential population
effects in an oestrogenically polluted river.

Former studies pointed to a potential contribution to the proliferative kidney dis-
ease (PKD) having a considerable effect on the brown trout population. This disease
is caused by the single-cell parasite Tetracapsula bryosalmonae, which proliferates
in the kidney and other organs and eventually leads to death of the host. No treat-
ment or cure is currently available. PKD-induced mortalities in brown trout, of up
to 90%, occur when water temperatures surpass 15◦C for 2 weeks or more (Wahli
et al., 2007; Schubiger, personal communication). Young fish are especially affected
and as a consequence fish stocks lack offspring. Under the auspices of Fischnetz the
distribution of PKD among river trout was examined at several hundred river sites
and fish farms and at more than half of the river sites PKD-positive brown trout
were found (Wahli et al., 2007). It was shown that PKD occurred particularly in
the waters of the Swiss lowlands where water temperatures higher than 15◦C are
common in summer. Since the presence of PKD in rivers correlates with reduced
fish catch (Fischnetz, 2004b), PKD appears to be a significant factor contributing to
the fish decline in Swiss rivers.

Literature reviews (on fine sediments and effect of siltation, on fisheries manage-
ment or synthetic compilation of former studies on macrozoobenthos) were regarded
as adequate to confirm or refute our hypotheses when a vast amount of knowledge
was available but not yet compiled in a way to answer our questions. Available
studies either monitored selected parameters (e.g. occurrence of specific diseases
or changes in water temperature), studied a representative river, or synthesised
several projects focussing on the same question or the same geographical region.
For example, at the beginning of Fischnetz consequences of global climate change
for our native fish populations were even less clear than they are today. Various
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studies pointed to an increase in water temperature (Bader and Kunz, 1998). Experts
from the federal authorities share this view (A. Jakob, Bundesamt für Wasser und
Geologie (former name), expert hearing for Fischnetz, May 2002). Such an increase
could specifically affect brown trout, due to the requirements of the different life
stages: the egg stage is the most temperature sensitive, with optimal development
occurring at 5◦C, whereas below 1 and above 9◦C an increased mortality is observed
and temperatures above 12◦C are lethal. Maximum growth rates of juvenile and
adult brown trout occur at 13◦C, while growth ceases below 3◦C and above 19◦C.
River water temperature change was monitored automatically at 1 minute intervals
since the 1960s at 95 sampling stations in a Swiss wide project Nationale Dauerun-
tersuchung Fliessgewässer (NADUF) (www.naduf.ch). Daily mean discharge data
were also available for the same time period. For the purposes of our study, other
physical data, brown trout catch data, data on the occurrence of the temperature-
dependent kidney disease PKD and results on preferred temperature range were
integrated and served to assess the consequences of climatic change for water tem-
perature and brown trout populations in alpine rivers and streams. We showed that
regionally coherent warming of ∼1.5◦C occurred abruptly in 1987/1988 in the rivers
and streams resulting in an upward shift in thermal habitat. Due to physical barriers
restricting the longitudinal migration of brown trout, an upward shift of habitats im-
plies an effective habitat reduction. The overall consensus suggests that the decrease
in brown trout population is at least partly, a consequence of this change, accelerated
by PKD (Hari et al., 2006).

In several cases, the results received did not sufficiently answer our questions.
This led to the extension of some projects beyond the project duration (sub-project
SAFE, www.snf.nrp50.ch). In other cases, the selection of rivers to study took so
much time, due to necessary preceding checks that projects were started with much
delay and, thus, extended beyond the project’s duration (sub-project test areas).

8.6 Fourth Phase: Synthesis and Development of Measures

Results from various studies helped to rule out several of the hypotheses (Burkhardt-
Holm et al., 2005). To evaluate the data and consider the aforementioned inter-
actions and feedback loops between the projects, a well-structured synthesis was
necessary. In a first approach, we developed a Bayesian probability network as a
means for summarising both the qualitative and quantitative information. This type
of network has the advantage of making causal assumptions explicit. It is based on
a dynamic representation of the brown trout life cycle and is extended to include
the effects of natural and anthropogenic factors. Furthermore, conditional proba-
bility distributions were also based on carefully elicited judgements of scientists
and experts in this field. The relative importance of the various stress factors was
assessed by comparing various model scenarios. In four river basins with varying
characteristics to represent the range of conditions in the Swiss lowlands, major
stress factors have been identified. Selection criteria for the river basins included
evidence of a significant brown trout catch decline over the preceding two decades
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and the discontinuation of stocking for the two years under study, in order to be able
to assess the natural recruitment potential. In addition, the river basins are typical in
that three of them exhibit a multitude of potential causal factors. In each basin, the
brown trout population was studied at three sites. These sites were either separated
by barriers or the distance between the sites was great enough that migration was
considered to be of minor importance.

The catchment area of the River Emme is characterised by a steep pre-alpine
region at the headwaters (1,400 m) with seasonally fluctuating flow due to the
melting of snow in spring and where several tributaries and storm events influence
the River Emme’s flow (especially in the midland reach). A history of flooding led
to intensive river management activities in the 19th and 20th centuries with many
barriers placed along the river, resulting in separation of tributaries and poor gravel
transport. Additionally, water is removed for irrigation purposes. In consequence,
the Emme basin exhibits particularly low flow in summer, resulting in low depth
and a decreased number of adequate habitats for brown trout. Natural trout habitats
are mostly found in the upper portion. Two large wastewater treatment plants (STPs)
discharge into the downstream Emme, while a number of smaller STPs discharge
into the river’s tributaries. The catch of brown trout was found to have declined by
60% between 1989 and 1999.

The Liechtensteiner Binnenkanal (LBK) in the Swiss midlands is a channel con-
structed in the 1930s for flood control and land usage with a rather constant flow.
The only prominent barrier at the mouth of the channel was removed and the stretch
was restored in 2000; allowing free migration between the LBK and the Rhine River.
Restrictions of natural habitats are mainly due to longitudinal constructions leading
to poor variability in width and to regulated flow resulting in high levels of fines and
sediment clogging. Only one small community’s (4,500 inhabitants) STP discharges
into the LBK. The catch of brown trout was found to have declined by 94% between
1981 and 2002.

The Necker, a pre-alpine river with natural, seasonally fluctuating flow, has its
source at 1,300 m above sea level. River morphology is hardly disturbed, providing
a variety of habitats for all life stages of brown trout. A small amount of wastewater
discharges into the Necker (input of four small STPs, with treated waste of fewer
than 10,000 people). The catch of brown trout was found to have declined by 58%
between 1988 and 2002.

The river Venoge is located in the western midlands of Switzerland and flows into
Lake Leman. The flow is influenced by melting snow in spring and increased rain
fall at the end of the year. Many vertical barriers were constructed in the last century.
Coupled with natural hindrances, they pose a threat to migration. The fish habitats
are poor in the lower portion but sufficient in the upper portion. The area of the basin
is 231 km2 and land use includes 47% agriculture and 34% forest. Eighteen mostly
small (two are 10,000–50,000 people, others ≤10,000 people) STPs discharge into
the Venoge or its tributaries. The catch of brown trout was found to have declined by
40% between 1987 and 2000. However, due to the classification of the lower sites as
grayling or barbel zone, these reaches cannot be expected to support high densities
of brown trout.
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Fig. 8.2 Location of test rivers in Switzerland with size of their catchments (map c© 2006
swisstopo)

Major stress factors were identified: impaired habitat is very important at all
except the least impaired sites. Sediment clogging by fines and PKD is also very
important at various sites. Wastewater inputs (mostly diluted) are a contributing
factor at three of the 12 sites. In some stretches, effects of stress factors are partially
offset by stocking. Conclusively, the results of the network model calculations in-
dicated that the relative impact of the different causal factors differs between the
locations, depending on the combination of the causative factors found at a specific
site (Borsuk et al., 2006).

Another approach we applied to identify likely causal agents that would explain
the adverse effects is the weight-of-evidence analysis or retrospective ecological
risk assessment (Forbes and Calow, 2002; Burkhardt-Holm and Scheurer, 2007).
It aims at evaluating the available evidence as objectively as possible. Although
we had sufficient data only for the most thoroughly investigated parameters, the
analysis makes the assessment more transparent, and thus significantly facilitates
the discussion of the subject, in particular with experts outside of academia. This
epidemiological approach asks a series of questions about the occurrence, relevance
and interrelationship of potential factors. In our project, these have been answered
for the set of the 12 river sites as mentioned above. According to this approach, PKD
was the most probable cause in some reaches, whereas it was seen as water quality
and temperature for other river stretches, and degraded habitat morphology for other
rivers. Several reaches were affected by several factors, and since this approach does
not tackle the combination of factors, synergistic effects for instance could not be
assessed. Another drawback of this approach appears when knowledge is lacking,
for example, on the effects of chemicals.
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In conclusion, both integrative approaches show that not a single factor is
responsible for the widespread catch decline, but a combination of stressors con-
tribute to the observed negative effects.

Two factors were assessed to be of minor importance for the Swiss wide phenom-
ena: a decline in benthos organisms as food for fish was not confirmed, although,
of course, this may play a role in specific river sections. Secondly, the increase
of high flood in winter in combination with an adverse effect of gravel transport
on brown trout eggs and in-gravel embryos was recorded in only very few rivers
out of 41 studied. Fish-eating birds, especially cormorants and goosanders may
be an important cause of fish loss in some regions, especially where these birds
have increased in abundance. Nevertheless, the hypothesis of fish-eating birds was
refuted as cause for national fish catch decrease. For some factors, the database was
not sufficient for a proper evaluation: an increase in fine sediments and subsequent
increase in siltation harming developing broods of brown trout in the gravel could
not be assessed. Similarly, fisheries management was not shown to have affected
fish populations. In both cases, more research has to be carried out.

8.7 Compilation of Existing Knowledge

In the first phase, the Fischnetz project team appealed to all people who we assumed
might have data. We then collected further data via an announcement published in
our Fischnetz-info brochure (fischnetz-info, No 1). The survey pool was made up of
mainly committed persons from the environment and protection authorities of the
cantons or the federal offices, as well as researchers in this field. In response to our
appeal we gathered much data from 30 projects.

To structure the corresponding data of so many and very different projects, we
developed a catalogue of criteria, which were checked for each project. We decided on
a systematic scheme for presenting all details and numbered every project, later called
sub-projects. One important criteria of Fischnetz stipulated that each sub-project had
to match at least one of the Fischnetz objectives; besides, they had to be sufficiently
large; the results had to be achieved in the course of the Fischnetz duration time;
delivered in writing; and complemented with raw data and scientifically adequate
discussion. The above mentioned sub-projects were relevant to Fischnetz in fulfilling
its aims. The project members had to agree to actively collaborate with Fischnetz, in
particular to help integrate the results in the overall context. Quality criteria had to be
fulfilled to guarantee a minimal standard of scientific reliability. However, since these
sub-projects were financed by other sources, Fischnetz had no direct means to influ-
ence the direction, extent or applied methods in these approaches. As a consequenceof
the corresponding evaluation, the successful projects were invited to join Fischnetz as
independent sub-projects, profiting from exchange of not yet published results, from
networks and from the material – and sample archive. In this archive all material col-
lected by Fischnetz sub-projects was compiled. Sampling was announced in advance,
so that other researchers had the opportunity to collaborate in the sampling or ask for
additional material to be collected at the same place and date. By this, material was
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additionally investigated or sampling was extended in 8 projects resulting in more
comprehensive assessments of the respective rivers.

In return, Fischnetz profited from the incorporation of the results of the indepen-
dent projects and the knowledge of the project collaborators. Further, the list helped
to avoid overlapping when planning new projects.

In addition, wherever significant information gaps were identified, which were not
expected to be closed by running projects, Fischnetz initiated, financed and carried
out new research activities. In total, 19 sub-projects were partly or totally financed by
Fischnetz (calculated for cash flow, without personal resources of project team mem-
bers, which was necessary in all sub-projects). Interestingly, when all sub-projects
were taken together and the percentage of the resources investigated was calculated
for the different categories of research, it can be summarised that mainly field stud-
ies, monitoring projects and synthetic work was funded. In particular the latter was
financed largely by Fischnetz, which reflects (I) the specific goal of this project, and
(II) the difficulty of getting financial support for inter- and transdisciplinary work.

By this procedure, Fischnetz profited from 77 research projects over 5 years.
Each of the members of the sub-projects was coached by a project team member
whose responsibility included the exchanging of results and methodological knowl-
edge with the project team and related sub-projects, the presentation of the results,
and eventually the invitation of the project leaders to the project team meetings.

8.8 Stakeholder Involvement

Stakeholders were involved on all levels of the project organisation, which guar-
anteed a consistent and continuous representation of the most important interest
groups, namely the angler associations, the authorities, the chemical industry and
the scientists.

Fig. 8.3 Participation and evolution of the project; SC: steering committee; PT: project team; SPC:
sub-project conferences; SS: special seminars



8 Fischnetz: Involving Anglers, Authorities, Scientists and the Chemical Industry 139

This involvement was necessary in order to compile the available but distributed
knowledge and to build the basis for later implementation. The financial support
of the project showed the acceptance of, as well as the high expectations for, this
project: all cantons and the principality of Liechtenstein, the FOEN, Eawag, the
fisheries associations and the chemical industry supported this project substantially,
as well as research foundations and the research institutions involved.

The steering committee was composed of six senior members of the civil service
and further representatives of administration, fisheries, the chemical industry, and
science. It confirmed the aims, monitored the success, and was responsible for the
implementation of the relevant political measures. They met once a year and were
especially active to ensure the financial support.

The project management team was in charge of the detailed planning, implemen-
tation and delivery of objectives, the identification of research gaps and the initiation
of complementing scientific studies. It was also responsible for the communication
and the synthesis of the results. This inter- and transdisciplinary team was comprised
of 12 people with expertise in fisheries science, environmental chemistry, ecotoxi-
cology, physiology, population biology, limnology, hydrology and climate change.
They also represented various stakeholders, such as authorities, chemical industry,
fisheries associations and science. It was the priority task of this team to coordinate
the efforts of the different sub-projects, reduce overlaps and use the arising synergies
to reach the aims of Fischnetz.

To facilitate the continuous and efficient aim directed process, a business plan
was established (Burkhardt-Holm et al., 2002). Regular work meetings were carried
out once a month, as well as yearly retreats to review the aims and set up the right
priorities.

To integrate the knowledge of the external experts (namely the sub-project
leader), extra academic and international experts, additional tools were established.

In a first kick-off meeting with the external experts the objectives and the hy-
potheses were discussed and shaped. Sub-projects already collected were presented.
Open questions were collected and a brainstorming of ideas took place on how
to solve the pressing questions. This resulted in an initial, rough outline for sub-
projects. All the ideas were considered when preparing the detailed research plan.
At the same time, all experts and the general public were kept informed of the pro-
cess: the integration, refining or revising of ‘their’ ideas at the various meetings,
conferences, the Fischnetz homepage and via the Fischnetz-info brochure.

Furthermore, a lot of intrinsic knowledge has been collected over time by fish-
eries associations. Here, the main task was to clarify the aims of Fischnetz, define
the project’s limitations and establish a basis of trust, which provides foundation
for further collaboration and information exchange. Consequently, (I) representa-
tives of Fischnetz gave numerous seminars at meetings of fisheries and professional
associations and (II) invited the representatives of these associations as external ex-
perts to discuss specific questions (for example, on the role of macrozoobenthos as
fish food; PKD distribution and counter measures; fish-eating birds; distribution and
harm; modern basics of fisheries management) at six national expert hearings (89
participants). Four international expert hearings (48 participants) were carried out
to address specific questions to selected experts, in order to ascertain the current
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state of knowledge, discuss methodological approaches and gather information and
advice concerning further procedure.

Six regular meetings with the sub-project leaders (‘sub-project leader confer-
ences’), mostly between 25 and 40 persons, provided further platforms for mutual
learning. At the beginning of each meeting, selected members of the project team
or researchers from other relevant or related projects gave thematic input repre-
sentations, mostly referring to specific questions and hot topics due to conflicting
interests. Subsequently, ample time was given for questions and clarifications. In
the second part of each meeting, small group discussions resulted in options for
the further procedure of the projects dealing with the named issues. Finally, these
suggestions were discussed in the session. This procedure was extremely effective
especially for experts with a lot of knowledge but little experience in presenting
their ideas to a broad audience. We also had a contrasting experience with the exter-
nal experts (mostly fishermen) when a project team’s suggestions were distributed
as texts (although explicitly stated as ‘provisional’) in advance of the discussions.
These ideas were criticised and finally suspiciously refused, most probably because
suggestions in cold print were not understood to be a basis for open discussions.

How was the long-term commitment ensured?Facilitating elements were the trans-
parency between partners and the quick information on the progress and outcome of
each of the projects. The latter was provided by the newly created journal ‘Fischnetz-
info’ which appeared regularly every 3–4 months and summarised the most important
results inaneasilyunderstoodform,respondedtofrequentlyaskedquestionsandmade
the planned progress transparent. In addition, we built up a website, where we listed
all finished and running sub-projects and provided the corresponding intermediate
and final reports. We made press releases, press reviews and selected press articles
available; published protocols of our meetings; and announced our sub-project leader
conferences and public seminars. Public seminars were conducted (once a year, about
150–200 participants each) to ensure knowledge transfer.

8.9 Implementation

The measures were proposed at the end of the project, and handed over to the senior
citizens and politicians of the strategic committee. A final public seminar with more
than 230 participants, and a press conference confirmed the high interest and accep-
tance by the public at large.

Major achievements were attained. The synthesis allowed the assessment of the
importance of factors suspected of contributing to fish decline and impaired fish
health: although several long range historical data sets are incomplete and many
relationships between factors are unknown, concrete measures for improving living
conditions of fish were derived from our results. The measures described are of
varying effectiveness and act on different levels. Intervention at the source of the
problem is particularly effective but sometimes difficult to realise. Clearly, at this
stage any proposed measure must be adapted to local conditions and focus on the
list of top priority issues.
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PKD: PKD is more widely distributed than anticipated. As one of the most
important implementation measures with considerable impact, acknowledging the
potential impact of PKD on wild populations, this disease was added to the list of no-
tifiable diseases (Tierseuchenverordnung TSV, 1995, revised 2002), in cooperation
with cantonal and federal authorities. A further consequence was the development
of more sophisticated diagnostic tools to improve monitoring of the disease and
its implications for fish health (Schubiger, personal communication). In addition,
Fischnetz proposed that stocking with fish from PKD-infected waters into PKD-free
or untested waters is to be avoided.

Habitat morphology: the connectivity of rivers and streams has to be improved
along their entire length, as well as with their tributaries. The river banks should
be remediated and the flow discharge should be improved to simulate more natural
situations, wherever possible. These measures together allow an increase in habitat
diversity, necessary for the different life stages of brown trout (see above).

Water quality: we have to abide by water quality standards as defined in the EU
Water Framework Directive (WFD). Water quality should neither acutely threaten
the life of fish or other organisms, nor in the medium or long term induce a neg-
ative health effect on a fish or its progeny. Equally important is better supervision
and consistent application of the Water Protection Regulations in agricultural areas
with an arable area of 10% or more, in order to reduce pollution from pesticides
or other harmful substances. Risk assessment, the substitution of substances that
are not easily degradable, as well as the remediation of inefficient sewage treatment
plants (e.g. increasing the age of activated sludge, improved degradation of nitrogen
compounds) is recommended.

Further aspects of future activities were derived: the network built up during the
time of Fischnetz, was continued by the establishment of an information centre (paid
by Eawag, FOEN and the fisheries associations, established at Eawag) and named
FIBER (Fischereiberatungsstelle). Its main task is to help answer anglers’ questions.
The cantons agreed to pay for the establishment of a further advisory board for
the next three years (Fischnetz+, situated at the University of Basel) to advise the
local and cantonal authorities. Within this, the authorities of the Swiss cantons are
using data from Fischnetz to improve the living conditions of fish in Swiss rivers
(www.fischnetz.ch). We hope that these efforts will eventually improve the quality
of the aquatic environment and restore the fish populations in Swiss rivers.

8.10 Recommendations

The whole project was a response to a societal problem. From this point of view it
could be regarded solely as a public service. However, the problem of the potential
causal factors for the decline of fish catch and impaired health status raised a lot
of questions of basic and issue-oriented research of extraordinary importance for
the whole scientific community dealing with anthropogenic effects on fish. A win–
win situation was enhanced by the multiple outcomes: a catalogue of measures to
implement the raised knowledge on one hand and an extended network between all
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participants, a number of publications, and Ph.D. and diploma theses. Transparency
and fast distribution of results, the planned projects and the consequences of project
experiences were among the most important aspects that demonstrated the credibil-
ity, efficiency and the speed of progress of Fischnetz.

However, certain aspects – and answering specific research questions – would
have to be improved. In particular, the lack of data and the effort necessary to present
the data in a compatible form for evaluation was a problem. The quality and quantity
of data in several cases was too poor to allow explorative data analysis. In respect
to collaboration, shortage of time was a constant problem during the project. Fund
raising for research projects was time consuming for all researchers.

Regarding the transdisciplinary aspects of the project, mutual learning was suc-
cessful. The utilisation of the mentioned methods, in particular the workshops and
the issue groups, proved of value. The knowledge transfer and exchange of ideas
and opinions contributed to a better understanding between the stakeholders with
their different backgrounds. Scientists learned that one of their tasks is to help solve
societal problems and practitioners accepted that research has to follow rules in
order to produce reliable, reproducible and individually independent results.

One year after the end of the project, an external peer review was carried out to
evaluate the project. The project was appreciated as a prototypic transdisciplinary
project due to its approach: of taking on the real world problem of fish decline,
and the emphasis on collaboration between researchers and stakeholders. The peer
review evaluation committee of the project Fischnetz stated in its report that the
participative nature was especially reflected by the incorporation of the external
partners from the very beginning of the project; and the continuous support and
exchange of results, scientific knowledge and the discussions on an equal footing
with the project management team. The formulation of the problem was assessed as
exemplary, addressing the concerns of all external partners and all important aspects
of the issue.
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Chapter 9
Nanoscience and Nanotechnologies:
Bridging Gaps Through Constructive
Technology Assessment

Arie Rip

Abstract In the Dutch nanoscience and technologies research and development
(R&D) consortium NanoNed, an additional ‘Flagship’ for Technology Assessment
(TA) & societal aspects of nanotechnology was created [www.nanoned.nl/TA]. This
has given us an opportunity to experiment in real time with interactions between
nanoscientists and technologists, and build on our earlier work in Constructive Tech-
nology Assessment. The fact that the consortium was prepared to spend some of its
funding on TA and societal aspects is part of larger dynamics: the wish of nanotech-
nologists (in the US and elsewhere) to avoid the impasse around (green) biotech, by
taking into account ethical legal and social issues (ELSI) from the beginning, and
taking them seriously.

I will offer an overall diagnosis of the reflexive co-evolution of science, tech-
nology and society (Rip, 2002), which will allow me to better position the specific
problem structuring that we developed. The ‘doubly-fictional’ character of TA of
nanotechnology is still mostly promise: the societal impacts can only be speculated
about. This has led us to further develop socio-technical scenarios and their use in
interactive workshops with various stakeholders and other actors. Actors involved
in such workshops, or working with the scenarios, are expected to become more re-
flexive. This may lead to the modification (hopefully for the better) of technological
developments and the way these become embedded in society.

Keywords: Constructive TA · Socio-technical scenarios · Reflexivity ·
Nanotechnology · Paths

9.1 Background

At a macrolevel, the co-evolution of science, technology and society can lead, and
has in fact led, to stable patterns or regimes (sometimes including explicit gov-
ernance arrangements). The distinction between technology variation and societal
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selection (which carries part of the argument about an evolutionary approach) is
actually predicated on the existence of an historically evolved regime where tech-
nology development is separate from uptake and use (Rip and Kemp, 1998). Vari-
ation and selection are institutionally separated – and are bridged by anticipations,
experiments, and interactions.

Historically, the separation was part of the industrial revolution. In a further step,
during the 19th century, engineers and other technology actors were given a mandate
to develop new technologies and confront society with them, as long as this could
be presented as progress. This was complemented by the emergence of the idea
of ‘technology’ in general, symbolically linked to ideals of progress (Smith and
Marx,1994). The mandate and its symbolic justification offered a macroprotected
space. It was maintained until the 1960s (when Harold Wilson, the then UK Prime
Minister, could still proclaim a ‘white-hot technological revolution’), but then it
started to break down.

The existence of the mandate, and the macroprotected space for technological
developments, however, had allowed the establishment of institutions and divisions
of labour which could not simply be turned back. While shifts do occur, and there are
contestations, the overall pattern of a gap between promotion and control and atten-
dant division of labour between promoters of new technology and critical selectors
remains strong.

Thus, in our modern societies there is an asymmetry between ‘impactors’ (those
at the source of technological impacts) and ‘impactees’. This can be a difference in
power, but is always a difference in timing. Initiators of technological development
know more, and have invested more, at an early stage, and impactees and spokesper-
sons for society have to wait and in a sense, follow their lead. Collingridge (1980) has
identified the knowledge and (public) control dilemma which follows this situation.
Theproblem isalready visiblewithin ‘innovation journeys’ (VandeVenetal., 1999)as
a flexibility dilemma (Verganti, 1999): one has to foreclose options at a moment when
not enough is known. In fact, assessment is ongoing, and the challenge is to improve
the assessment process by, for example, including more aspects and perspectives at
an early stage as Constructive TA proposes (Rip et al., 1995; Schot and Rip, 1997).

The asymmetry has another component: technology developers are insiders and
do not necessarily know very much about the ‘outside’. However, adoption and
diffusion, is up to ‘outsiders’, who have other interests and expectations. The story
of nuclear energy has been one of struggle between insiders and outsiders since the
1960s. On a much smaller scale, the same storyline is visible in the development of
cochlear implants for deaf people (Garud and Ahlstrom 1997), especially when it
turned out – unexpectedly for the insiders – that the deaf community was negative
about taking deaf people out of their own culture by providing them with implants
(Blume, 2000; Reuzel, 2004). Garud and Ahlstrom (1997) suggest that technology
developers are working in an ‘enactment frame’, and look at the world as a challenge
or barrier to be overcome (while from the outside actors can be selective according
to their various backgrounds). The ‘enactment frame’ then leads to a concentric
approach to product development: get the product right, then look at market and
regulation, and afterwards worry about public acceptability. Deuten et al. (1997)
have mapped this phenomenon for biotechnology products. As they have shown in
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a narrative analysis of one of the cases the ‘enactment frame’ itself evolves, because,
for example, other ‘niches’ emerge (Deuten and Rip, 2000).

For our topic, it is important to note that the asymmetry gives rise to a division
of TA labour where insiders articulate ‘promotion’, and outsiders ‘control’. A sim-
ilar division of labour, at one remove, is visible in the way governments and their
agencies handle technology in society. Government technology policy most often
focuses on promotion of (selected) technologies, as in the case of stimulating the
electronic superhighway. The main challenge for such technology policy is to ‘pick
the winners’, at the level of the society. At the same time, other agencies of the same
government are occupied with reducing the human and social costs of the introduction
of new technology, for example through safety and environmental regulation. This
dichotomy between promotion and control of new technology is thus part of the de
facto constitution of modern industrialised societies, and is reflected not only in the
division of labour between government agencies, but also in cultural and political
views, as in the assumption that there will be proponents and opponents to a new
technology.

The gap is precariously bridged by a variety of instruments and actions, by ex-
isting and emerging nexuses and by division of labour in sociotechnical regimes. It
is in this world full of asymmetries and gaps that Constructive TA (Rip et al., 1995;
Schot and Rip, 1997) is located. Theoretically – it can be seen as a series of bridging
events, and when institutionalised, as a nexus; practically – it organises interactive
workshops supported by sociotechnical scenarios; and normatively – there is an
overall aim to improve technology and society, and a conviction that increasing
reflexivity of ongoing co-evolution will help. Democratisation of technology can be
associated with Constructive TA, but that is a possible effect, not a goal. In other
words, participation is a means, not an end. The key point is to enhance reflexivity
through anticipation, feedback and learning (Schot and Rip, 1997), and translate this
into actions and interactions.

Constructive TA is an attempt to broaden design and development of new technol-
ogy by increasing interaction and reflexivity. It modulates the co-evolution of science,
technology and society from within, as it were (Rip, 2006a); and social scientists,
socio-technical scenarios (STS) scholars, as well as reflexive technologists and medi-
ators, provide support and incentives. It follows that Constructive TA must be trans-
disciplinary, or nondisciplinary. My own definition of transdisciplinarity focuses on
nondisciplinarity: a combination of epistemic goals and distributed locations where
disciplinarity is not relevant (Rip, 2004). A similar thrust is seen in Turpin’s (1997)
evaluation of Australian Collaborative Research Centres: contributions to knowledge
independent of disciplinary knowledge, and diffusion through movement to new prob-
lems and new contexts rather than through publication in disciplinary journals.

9.2 Problem Structuring

There is, by now, a range of approaches to technology assessment. Foresight and
future visioning emphasise the open future, and there are now proposals for ‘vision
assessment’ (Grin and Grunwald, 2000). At the other end of the spectrum there is
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the comparison of existing technological options by firms and R&D institutions in
order to select the promising ones. Within the range of approaches, a cluster of ap-
proaches and methodologies have been developed and piloted over the last 10–15
years, which emphasise real time interaction and learning. There are various labels,
including Interactive TA (Grin and Van de Graaf, 1996; Grin et al., 1997), Real-Time
TA (Guston and Sarewitz, 2002), and Constructive TA (Rip et al., 1995). We prefer
the label Constructive TA to emphasise the goal of contributing to the actual construc-
tion of new technologies and the way these become more or less embedded in society –
rather than simply waiting for the changes and then trying to map possible impacts.

For new and emerging science and technology like nanoscience and nanotechnolo-
gies, Constructive TA has to address what can be called its doubly ‘fictional’ character:
many of the envisaged uses of nanotechnology are still science fiction, and so the study
of possible impacts is social science fiction. In our specific situation – the TA and
Societal Aspects of Nanotechnology Programme, within the Dutch R&D consortium
NanoNed – there isan opportunity:being partofananotechnologyconsortium givesus
easier access to address the general Constructive TA goal of interaction with nanosci-
entists and technologists; and within the ongoing developments of nanotechnology,
wecan makeco-evolution more reflexive.Wehavegained credibility in thenanoworld,
for example in European Networks of Excellence and in international conferences.

In nanotechnology, promises about new technological options abound, but lit-
tle can be said definitively about their eventual realisation, let alone the impacts
on society. As I have already noted, an impact assessment of nanotechnology will
necessarily be speculative: one could call it science fiction (about future nanotech-
nology) combined with social science fiction (about the world in which future
nanotechnology would have impacts). Still, it is important to try and anticipate and
create controlled speculations about possible futures so as to stimulate reflection and
broaden the scope of strategic choices about nanotechnology, and more generally.

While it is too early to expect actual conflicts about nanotechnology (even if
demonstrations are occasionally staged), concerns are being articulated, for exam-
ple about uncontrolled spread of nanoparticles. What happened (and continues to
happen) with biotechnology and genomics is often seen as a lesson. Nanoscientists
have actually called on governments to help avoid the impasse that has occurred
with (green) biotechnology. (An example is Vicki Colvin, in the Hearings of the US
Congress concerning the new Nanotechnology Bill, April 2003; see my discussion
in Rip (2006b)). Genomics stimulation programmes have an ELSI component: Eth-
ical, Legal and Social Issues, modelled after the Human Genome Programme in the
1990s. ELSI is now taken up, in various ways by European and American R&D
stimulation programmes for nanotechnology. To include TA studies in the NanoNed
programme is a similar proactive response to possible societal concerns. In practice,
this need not imply a willingness to interact: it could work as a division of moral
labour, where the scientists can point to the social scientists and ethicists as reasons
why they themselves do not have to think about societal and ethical aspects (as
happened to some extent with ELSI in the Human Genomics Programme). When
there is interaction, it requires ELSI scholars to link up (though not identify) with
the perspectives of the nano-enactors.
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While the actual future cannot be predicted, the occurrence of socio-technical
dynamics and emerging irreversibilities implies that there is an endogenous future.
Embedded in the present are preferred directions, which imply that a trajectory will
be followed (Dosi, 1982). Even if paths are created while ‘walking’ (Garud and
Karnøe, 2001), emerging paths can be mapped, and the dynamics of their emergence
can be analysed (prospective technology analysis) – and the results can be fed back
to actors. This, by itself, is not new. It overlaps with technological roadmapping,
where one reasons forward to desired performances and functionalities, and iden-
tifies barriers to be overcome, and then reasons back to the efforts necessary to
achieve them. In some cases, such activities have become institutionalised, for ex-
ample in the semiconductor industry where an international consortium makes such
roadmaps and uses them for strategic coordination. Predictions based on Moore’s
Law serve as a guideline for strategic decisions, and thus become self-fulfilling.

Socio-technical scenarios, in contrast to roadmapping, are open-ended. They
branch out into the future, and are structured by prospective technology analysis.
An advantage in terms of interaction and reflexivity is the way such scenarios link
up with technology enactors. Actors always work with partial and diffuse versions
of scenarios to orient themselves and others. A social science supported TA will
improve the quality of the scenarios. A structural problem is that enactors tend
to project a linear future, defined by their intentions, and use the projection as a
roadmap – only to be corrected by circumstances. Mapping tools which force actors
to consider the non-linearity of evolution, and accept the complexity, can be devel-
oped to make them more effective (if the actors are prepared to accept such social
science based support).

The approach combines:

- mapping and analysing the ongoing dynamics of technological development, the
actors and networks involved, and the further (and possibly conflictual) embed-
ding of the technology in society, with particular attention paid to emerging pat-
terns, including preferred technological paths and so-called dominant designs,
which will shape further co-evolution

- identifying and articulating socio-technical scenarios about further developments,
possible impacts, forks in development and the possible choices of various actors.
This stimulates technologists and other relevant actors to reflect on their strategies
and choices, making these more socially robust

- organising interactive workshops and other ‘bridging events’ where a (relevant)
variety of actors participate (up to critical NGOs), but always including nanosci-
entists and technologists. Socio-technical scenarios allow them to probe each
other’s worlds in a structured way.

Not only is nanotechnology at an early stage, it is an enabling technology: the
promises of nanotechnology have to be realised through its uptake in other prod-
ucts and services (from faster DNA analysis to improved coatings, sunscreens and
drug delivery). Its impact depends on what happens there, and is in that sense co-
produced, even if one might consider that it is nanotechnology which has made the
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difference – thus, the well-known problem of attribution of impacts to earlier actions
(Rip, 2001). In our recent work, we therefore also consider socio-technical scenarios
for a sector, say food packaging, where nanotechnology might be taken up.

In the past the emphasis was on socio-technical scenarios. We are now develop-
ing socio-technical scenarios as well, e.g. for risks of nanoparticles, for food and
nano (see below). Societal issues, which in the socio-technical scenarios become
visible only at a later stage and which reflect the concentric bias of enactors, and
their implications for the governance of new and emerging science and technol-
ogy will now be at centre stage: risks to health and environment, economic and
distributional impacts, equity issues and sustainable development (particularly in
developing countries), longer term and ethical issues.

Our approach to prospective analysis and assessment of a technology at an early
stage can build on a number of relevant methodologies and pilot studies (including
SocRobust, an EU-FP5 project, see Larédo et al. (2002)), as well on recent ad-
vances in disciplines such as innovation studies (itself an interdisciplinary domain),
sociology of technology, evolutionary economics, industrial economics, industrial
ecology and political science. Interestingly, the boundaries between these disci-
plines are fuzzy, and there is an increasing overlap. It raises challenges for these
disciplines, viz. to analyse processes in real time rather than in retrospect, and to do
so in interdisciplinary collaborations.

9.3 Problem Investigation and Interactive Activities

An initial set of four workshops, addressing the domain of lab-on-a-chip, a micro-
system that uses nanotechnology to improve performance and develop new func-
tionalities were held in February 2006. Individual scenarios of the evolution of the
domain and the challenges had been drawn up before the workshops, based on inter-
views by the CTA researcher (PhD student, Rutger) with various actors (including
but not limited to the eventual workshop participants), and his independent analysis
of the structure and dynamics of the domain. The scenarios provided a platform
for the workshop discussions about future developments and strategic choices. Two
of the workshops had only insiders as participants. The discussion then centred on
the technical challenges that they identified. The other two workshops had insiders
and (professional) outsiders as participants. Although broader issues were raised,
there was still a tendency to focus on the technical aspects. The concentric view of
enactors, and the attendant division of moral labour, dominated. The evaluation of
the workshops showed that participants appreciated the opportunity to hear views
and visions of other actors, and interact with them. This definitely broadened the
strategic reflection of the participants. When asked after two months whether this
had made a difference in their own work, they reported that little was visible yet.
Ongoing projects would have priority, and only when moments of choice occurred,
e.g. a new project, did they expect to be able apply their broader reflection – if still
relevant.
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In another workshop in June 2006, prepared and led by PhD student Douglas
Robinson, the domain of cell (on a chip) analysis was the topic. Insiders as well
as professional outsiders participated. The role of the socio-technical scenarios was
slightly different: Robinson had created three different futures for the domain (on
the basis of his document analysis and interviews), which were circulated before-
hand to provide a platform for the workshop discussion. During the workshop, a
multipath mapping exercise was conducted (as developed by Robinson and postdoc
Tilo Propp) where paths and their related challenges were depicted for the domain,
and participants could identify further issues and discuss strategic choices (Fig. 9.1).
This led to lively discussions, and to further interactions between some participants
after the workshop. One of the participants, the director of a young start-up company
developing sensors to measure electrolytes in the blood in real time (which then al-
lows point-of-care diagnosis), picked up on the diagram and filled in the details for
his company, adding possible futures. Robinson continues to be involved with the
company, and we have been adding to the diagram to show how societal embedment
and issues involved in it could be included (still following the concentric bias).

Our interactions with actors in and around the nanotechnology world (scien-
tists, technologists, entrepreneurs, insurance companies, regulators, NGOs) during
preparation of the workshops and during the workshops will increase reflexivity of
co-evolution of nanotechnology and society. This is further enhanced because the
workshops are partly or wholly positioned as part of the activities of EU Networks

Fig. 9.1 Analysis before workshop



152 A. Rip

of Excellence in nanotechnology (Nano2Life, FRONTIERS). Such direct linkages
with nano-actors enable productive interactions, but can also be constraining when
modernist ‘enactment’ perspectives are pushed. The junior researchers have to
resolve these tensions in their day-to-day work, with support from the senior re-
searchers in the TA NanoNed Programme.

I note in passing that the senior researchers, as well as some of the junior re-
searchers, who move about in the nanoworld speak at conferences, are members
of ethics boards, and have informal conversations with nano-actors (nanoscientists
and policy makers). Such a presence by itself already stimulates reflexivity. This
leads to further, sometimes joint activities. Van Merkerk co-authored an article with
a nanoscientist on the need for broader considerations (Van Merkerk and Van den
Berg, 2006). Robinson was asked to lead the Ethics Board of the EU Network of
Excellence Frontiers, but had to decline – finishing his PhD was more important.
Arie Rip was invited to contribute to the International Dialogue on Responsible
Development of Nanoscience and Technology, organised by key policy makers from
USA, Europe and Japan.

In the TA NanoNed Programme, further interaction is stimulated by inviting
PhD students and postdocs in nanoscience and nanotechnologies to study broader,
societal aspects of the research project or programme they are working in. Trans-
disciplinarity then starts from the science side, rather than the social science and
humanities side. One three month study has been concluded. Working on basic
questions of Scanning Tunneling Microscopy in the liquid phase, the PhD student
(Duncan den Boer) envisaged possible, even if long-term applications, such as the
synthesis of exotic molecules. He mapped out the potential innovation and value
chain for such an application, and interviewed relevant actors about their views
on the necessary structures and activities. Such an approach, explored before by
social scientists (De Laat, 2000), was new and difficult for the PhD student. There
will be an article describing his findings and the experience itself will allow us to
create a support and training package for other PhD students who want do similar
projects.

Our further socio-technical scenario exercises have not yet been used in dedicated
workshops, but they have been part of presentations to nano-audiences of various
kinds, inviting them to become more reflexive. One scenario post-doc Marloes van
Amerom and myself have developed, shows the multilevel dynamics of the emer-
gence of risks of nanoparticles as a legitimate issue, which leads to further research
and proposed regulation, and to further discussion of new types of governance (like
‘soft law’) and of routes not taken (Fig. 9.2).

An interesting finding that helped us to construct this ‘evolving risk landscape’
is the way the intervention of re-insurance company Swiss Re, driven by its own
concerns about possible financial losses, shifted the question of the risks of nanopar-
ticles from a fringe concern voiced by some critical NGOs, to an issue high on the
agenda of national and international authorities. In other words, de facto reflexivity
can be induced by third parties from the outside.

The other multilevel diagnosis and subsequent scenario building is about the
food packaging sector (which is actually the intersection between the food value
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Fig. 9.2 Macro meso micro

chain and the packaging value chain) and its possible uptake of nanotechnology,
and of broader concerns about nanotechnology. The figure (developed by PhD stu-
dent Haico te Kulve and myself for a presentation at Arizona State University’s
Center for Nanotechnology in Society, 23 February 2007), outlines socio-technical
dynamics of the sector in the Netherlands, and in Europe more generally (Fig. 9.3).
For reasons of space, I will not explain the analysis behind the depiction of ongoing
dynamics, nor the reasons for choosing the three scenarios indicated in the picture.
But there is a theory of co-evolutionary interactions and outcomes behind it, includ-
ing recognition of the key role of so-called ‘linking pin entrepreneurs’ (a variation
of ‘institutional entrepreneur’).

There is ‘bounded’ reflexivity in the nanoworld already: nano-enactors are sensi-
tive about public images of, and public reactions to nanotechnology and can some-
times be overly sensitive. They are interested in results of focus group exercises
and willing to experiment with citizen juries, as in the UK [www.nanojury.org]. A
symmetrical approach is necessary, and one entrance point is to trace the perceptions
and problem definitions of the nano-enactors as well (Rip, 2006b). Feedback from
these findings may be unsettling to the actors in the nanoworld, but is necessary to
improve reflexivity. Again, senior researchers with some standing vis-à-vis nanosci-
entists and technologists have to protect the junior researchers, and make sure the
message is heard and appreciated. In general, one should not expect interactions to
be harmonious. Interactions between nano-enactors and (C)TA agents are important,
but their interests are different and may conflict.
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Another type of conflict can arise between the social scientists and humanities
scholars. Economists (esp. neo-classical economists) and sociologists can
collaborate, but can also clash. Increasingly important is the interaction between
ethicists (and other normative scholars like political theorists) and empirical scien-
tists/scholars. Although there are clashes, there is also a willingness to listen to the
other side. This indicates a latent challenge to transdisciplinarity (latent, because it
has not been articulated as such). Transdisciplinarity is linked to real world issues,
and cannot escape addressing normative issues; but it is not clear how this can be
done in an integrated manner and in a way that avoids having normative issues
relegated to the footnotes only, as the personal views of the author(s).

9.4 Recommendations

Key recommendations are to use socio-technical scenarios (the combination is
important) based on analysis and diagnosis, to support and structure what would
otherwise be mainly conversation. Now the focus is on interactive workshops with
a requisite variety of participants and a broader use of scenarios. They can also be
used as a microcosm, to play out and assess various outcomes.

Our focus has been on the interaction between nanoscientists, technologists and
other enactors in and around the nanoworld. Increasing their reflexivity is important
because they are in a position to make a difference. It does require the attention
of the CTA agents to maintain some independence, and not to become (or be seen
to become) public relations officers, or otherwise lubricate the frictions between
nanotechnology and society. There is a trade off: if one wants to bridge the gap
between innovation and ELSI, one has to associate with both sides. A further point
is that there should be a division of labour, with other social science and humanities
scholars starting at the ELSI side, and even more importantly, with societal voices
being articulated and heard. This is actually the case in the Netherlands, where the
Rathenau Institute is focusing on broad societal impacts and the associated debate.

Clearly, the TA and Societal Aspects of Nanotechnology Programme is problem
oriented, and while various disciplines are mobilised, there are no (or only inciden-
tal) disciplinary products. This has to do with the fact that we cannot define and
control our own research object. Instead, we work on the combination of analysis
and diagnosis to support reflexivity of co-evolution. It is also clear that transdisci-
plinarity is more than scholarship unencumbered by disciplines. It is not just one
approach to scholarship among others, it is also a key part of an important change
in science and society. Thus, one has to learn about the approach (‘how to do it’) as
well as position what one does in relation to broader developments.

One can see the emergence of Foresight, TA, and ELSI, and the interest in ‘gov-
ernance’ of science (in Europe and elsewhere) as instances of reflexive co-evolution
in a period of punctuated equilibrium. Viewed in this way, they can be assessed
together, and the question can be raised of whether they add up to a new pattern –
perhaps a new de facto constitution – in which transdisciplinary work would come
into its own.
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Chapter 10
Chimeras and Other Human–Animal Mixtures
in Relation to the Swiss Constitution: A Case
for Regulatory Action

Hans Peter Bernhard and Rainer J. Schweizer

Abstract The progress of the biomedical sciences poses new philosophical, moral
and legal questions. A transdisciplinary approach is ideal for addressing such ques-
tions and achieving a mutual understanding of the underlying biological facts. In this
debate it becomes obvious that biomedical research per se does not provide a useful
terminology for legislation. A transdisciplinary approach is therefore essential to
achieve a common, accepted terminology and reach an agreement on the pertinent
problems; both prerequisites for timely legislation.

The artificial creation of human–animal mixtures for research and therapeutic
purposes touches very sensitive moral and legal issues. The novel procedures raise
the question of the relevance of natural boundaries between species. The extent to
which the species barrier has and will be breached by such experimental proce-
dures which use biological entities at various developmental stages, in particular
in the context of the use of human embryonic stem cells, is a strong challenge for
scientists, ethicists, legislators and society. In view of pending and forthcoming leg-
islation, it is the intention of this transdisciplinary approach to review and analyse
the respective biomedical research agendas which have to be taken into account in
the normative discussion.

First, we present the current relevant constitutional and statute laws of
Switzerland. We then review recent developments in biological research involving
human–animal mixtures, including chimeras, which are likely to become issues for
regulatory action. The compilation covers a broad range of human–animal mixtures,
with a focus on the use of human embryonic stem cells for basic research and ther-
apeutic procedures. We finally address some other recent biomedical developments
that could have an impact on terminology and legal definitions used in the current
Swiss regulations.
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10.1 Background

Since the outset of medically assisted procreation in Switzerland there has been
an awareness of the risks and ethical questions related to the introduction of non-
human germ plasm, germ cells and genetic material into the human germ line. As
a consequence, the Constitutional Article of 1992 on Reproductive Medicine and
Gene Technology prohibits the creation of interspecies organisms. This was further
specified in the Swiss Federal Act on Medical Assistance to Procreation 1998 and in
the Swiss Federal Act on Stem Cell Research 2003. During the preparation of these
bills it became apparent that the ethical and legal meanings of the terms chimera and
hybrid need to be critically evaluated. This task was facilitated by a Federal Execu-
tive Report – Research on Supernumerary Embryos 2002 – and a study by the Swiss
Centre for Technology Assessment – Human Stem Cells 2003. The authors of this
contribution are continuing their support for the Swiss legislatory activities, while
participating as Swiss members of the ongoing EU-Research Project ‘Chimbrids’
(SAS6-CT-2005-0167081MGBChimerashybrids) chaired by Prof. Jochen Taupitz,
Institute for German, European and International Medical Law, Public Health Law
and Bioethics of the Universities of Mannheim and Heidelberg. This international
research project is focused on the compilation and analysis of case studies in order
to develop typologies and ethical and legal recommendations.

10.2 Swiss Constitution and Law

10.2.1 Federal Constitution

In 1992, Switzerland introduced through a vote accepted by the people and the
cantons, a special regulation in the Swiss Federal Constitution concerning medi-
cal assistance to procreation and human gene technology. This regulation has been
adopted in the revised Federal Constitution of 18th April 1999 together with the
different explicit fundamental rights regarding human dignity, the protection of life,
health and personal freedom; and includes regulations for health protection and
transplantation medicine. With respect to research with chimera and hybrids, the
following regulations of the Federal Constitution are decisive:

Federal Constitution of the Swiss Confederation
of April 18, 1999

Art. 7 Human Dignity
Human dignity shall be respected and protected.

Art. 10 Right to Live and Personal Freedom
1 Every person has the right to live. The death penalty is prohibited.
2 Every person has the right to personal liberty, particularly to corporal and mental

integrity, and to freedom of movement.
3 Torture and any other cruel, inhuman or degrading treatment or punishment are

prohibited.
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Art. 118 Protection of Health
1 Within the limits of its powers, the Confederation shall take measures for the protection

of health.
2 It shall legislate on:
a. the use of foodstuffs and of therapeutics, drugs, organisms, chemicals, and objects

which may be dangerous to health;
b. fighting contagious, widespread or particularly dangerous human and animal diseases.

Art. 119 Medical Assistance to Procreation and Gene Technology in the Human Field
1 Persons shall be protected against the abuse of medically assisted procreation and

gene technology.
2 The Confederation shall legislate on the use of human reproductive and genetic ma-

terial. It shall ensure the protection of human dignity, of personality, and of family, and in
particular it shall respect the following principles:

a. All forms of cloning and interference with genetic material of human reproductive
cells and embryos are prohibited;

b. Non-human reproductive and genetic material may neither be introduced into nor
combined with human reproductive material;

c. Methods of medically assisted procreation may only be used when sterility or the
danger of transmission of a serious illness cannot be avoided otherwise, but neither in order
to induce certain characteristics in the child nor to conduct research. The fertilization of
human ova outside a woman’s body shall be permitted only under conditions determined by
statute. No more human ova may be developed into embryos outside a woman’s body than
are capable of being immediately implanted into her;

d. The donation of embryos and all forms of surrogate maternity are prohibited;
e. No trade may be conducted with human reproductive material or with any product

obtained from embryos;
f. A person’s genetic material may only be analyzed, registered or disclosed with the

consent of that person, or if a statute so provides;
g. Every person shall have access to the data concerning his or her ancestry.

Art. 119 a Medical Transplantation
1 The Confederation shall legislate in the field of transplantation of organs, tissues, and

cells. It shall safeguard human dignity, personality, and health.
2 It shall in particular establish principles for the fair distribution of organs.
3 The donation of human organs, tissues and cells shall be free of charge. Trade in

human organs is prohibited.

10.2.2 Federal Act on Medical Assistance to Procreation

In accordance with Art. 119 of the Federal Constitution the Swiss Federal Act on
Medical Assistance to Procreation was introduced on 18th December 1998. Art. 2
of this Act gives the following definitions:

Letter l. to clone: to artificially create genetically identical beings

Letter m. creation of chimera: the combination of totipotent cells of two or more ge-
netically different embryos into a united cell structure. Totipotent cells are
embryonic cells that are able to develop into any kind of specialised cell

Letter n. creation of hybrid: to provoke the introduction of a non-human sperm cell into
a human egg cell or of a human sperm cell into a non-human egg cell
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And Art. 36 of this Act defines thereafter:

1 Those who create a clone, a chimera or a hybrid will be sent to prison.
2 Those who transmit a chimera or a hybrid to a woman or an animal will be punished in
the same way.

10.2.3 Interpretation

The interpretation of Art. 119 §2 letter b is the following:
This regulation can be seen as complementary special norm to letter a; the in-

terdictions sometimes overlap. The aim is to safeguard the integrity of human re-
productive material as the basis for human life. The mixing of humans and animals
damages the dignity of humankind, but also the dignity of a single person and the
identity and integrity of the unique individual. Besides prohibiting the introduction
of non-human reproductive and genetic material into human reproductive material,
this regulation prohibits the creation of interspecies hybrids by combining reproduc-
tive cells of different species and of interspecies chimera (for the terms, see Art. 2,
letter m and n of the Swiss Federal Act on Medical Assistance to Procreation). Art.
36 of the Swiss Federal Act on Medical Assistance to Procreation furthermore pro-
hibits the intraspecies chimera, created from two human embryos. The result would
be a creature with genetic material of at least four parents (Reusser et al., 2002).

In an Explanatory Report regarding its Draft on the prohibitions in the Swiss Fed-
eral Act on Medical Assistance to Procreation the Swiss Federal Government states:

It would grossly offend against human dignity if someone specifically allocates their hered-
itary disposition to a future human being. Each person has the fundamental right not to be
the copy of another individual but an original and unique personality. It cannot be allowed,
that the dignity of a person be marred by an act that just brought them into existence. Those
who artificially create genetically identical (human) beings will therefore be put in prison,
according to Art. 2, letter m in connection with Art. 36 §1.

The creation of chimera (for the term see Art. 2, letter m) violates in a blatant way the
dignity of man and can therefore also be prosecuted under Art. 36, §1. The object to be
protected is the human embryo as well as the totipotent cell.

The creation of hybrids (for the term see Art. 2, letter n) is also illegal according to
Art. 36 §1. The primary barrier between humans and animals is destroyed as a result of
the penetration of the sperm of one species into the cytoplasma of the egg cell of another
species. The generation of an impregnated egg cell using animal or human zygotes across
species is unacceptable. In particular, the “Goldhamster” test to determine the penetration
capacity of human sperm into an animal egg cell for diagnostic purposes, is banned. The
creation of hybrids is not liable to prosecution if human genetic material is introduced into
the DNA of bacteria for the production of insulin, for example.

Liable to prosecution according to Art. 36 §2 is also the transmission of a chimera to
a woman or an animal. But if a clone is implanted into a woman, the right to life pro-
hibits killing this human being. (Paragraph 324.208 Explanatory Report to the Draft of the
Federal Act, 1996)

Besides Art. 119 §2 letter b, attention must also be paid to letter a from Art. 119
§2 with its absolute prohibition of cloning. According to the wording under letter a,
not only is cloning, by splitting an embryo into halves (twinning) prohibited; so is
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the transfer of a cell nucleus into an enucleated oocyte and the parthenogenesis of
oocytes (cf. Art. 35 Swiss Act on Medical Assistance to Procreation).

1 Those who interfere with the genetic material of human germ cells will be punished by
imprisonment.
2 Those who use germ cells whose genetic material has been artificially modified, for the
impregnation of an egg cell which has been modified in the same way, with the aim of
creating an embryo will also be punished.
3 §1 is not valid if the change in the human reproductive cells is the unavoidable side effect
of chemotherapy, radiotherapy or another medical treatment that a person undergoes.

On 19th December 2003 the Swiss Federal Act on Research on Embryonic Stem
Cells included this prohibition of creating parthenotes as well.

According to Art. 3, §1 it is prohibited:

c) to create a clone, a chimera or a hybrid (Art. 36, § 1 of the Swiss Act on Medical
Assistance to Procreation dated 18th December 1998) and to extract or use embryonic
stem cells from such a creature
d) to develop a parthenote, to extract from it embryonic stem cells and to use them

Finally it should be noted that Art. 119, §2, letter c of the Federal Constitution
and the relevant Swiss legislation explicitly prohibit the production of embryos for
research purposes as well as the ectogenesis of embryos (compare Art. 29 and 30
Swiss Federal Act on Medical Assistance to Procreation).

Art. 29 Abusive extraction of embryos:
1 Those who impregnate an embryo with the intention to use it or to allow it to be used

for a purpose other than to start a pregnancy will be punished by imprisonment.
2 Those who preserve an impregnated egg cell with the intention to use it or to allow it

to be used for a purpose other than to start a pregnancy will also be punished.
Art. 30 Development of embryos outside a woman’s body:

1 Those who keep an embryo outside a woman’s body for longer than is necessary to
lodge it in the uterus will be punished by imprisonment.

2 Those who transfer a human embryo into an animal will also be punished.

The main principle of the Swiss constitutional and statutory norms, with regard to
the present matter, is that human germ cells may not be used for research purposes
in order to create a viable human or chimeric being. Accordingly, creating human
clones and parthenotes is prohibited, even if they can not or can hardly be bred, or
are not viable.

Art. 119, §2, letter b (and only if there is no abuse) does not cover:

- the introduction of non-human genetic material into somatic cells of human
beings;

- the introduction of sequences of human genetic material into non-human genetic
and reproductive material, as used in the production of proteins, like insulin or in-
terferon (Parliamentary Report of the State Chamber [2nd Chamber of the Swiss
Federal Parliament] 1990).
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Art. 119, §2, letter a does not cover

- the creation of human germ cells by a redevelopment of human embryonic stem
cells, if there is no genetic interference.

10.3 Experimental Procedures for the Creation of Chimeras
and other Human–Animal Mixtures

Chimeras are organism composed of cells derived from at least two genetically dif-
ferent cell types. The cells could be from the same or separate species. Table 10.1
summarises experimental approaches that could be envisaged in the near future or
have already been embarked upon. The table is not intended as a complete com-
pilation but includes representative examples of ethically and legally problematic
biological constructs that may arise through experiments performed with biological
entities from various biological sources and recipient organisms at different devel-
opmental stages. The procedures cover a broad range, from gene-, chromosome-
and somatic nuclear-transfer to cell-, tissue- and organ-transplantation, and gamete
fusion. Human–mouse chimeras for research purposes were established almost 20
years ago within the field of haematology, e.g. a mouse strain with a deficient im-
mune system, which was designed to tolerate a haematopoetic system of human
origin became extraordinary crucial to the study of AIDS (McCune et al., 1988)
while early therapeutic transplants of foetal neuronal precursor cells of animal origin
into human brain cells of patients with Parkinson’s disease have been performed by
Borlongan and Sanberg 2002.

10.4 Creation of Chimeras Using Human Embryonic
Stem Cells (hES cells)

The recent experimental procedures involving hES cells listed in the overview
‘Chimeras and other Human–Animal mixtures’ are:

- Use of non-human oocytes as recipients of human somatic nuclei in nuclear
transfer with the aim of generating hES cell lines without the need for human
oocytes

- Incorporation of hES cells into non-human blastocysts (Pre-implantation embryo
of 50–250 cells depending on age)

- Incorporation of human embryonic stem cells or their cell derivatives into post-
gastrulation stages of a non-human species

- Incorporation of human embryonic stem cells or their cell derivatives into post-
natal animals of a non-human species
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The novel quality of human embryonic stem cell transplants is due to the pluripo-
tency of the stem cells and their developmental potential which differs from other
cell transplants. The transplantation of human embryonic stem cells is expected to
lead to the formation of a wide range of chimeric organisms with in a quantitative
and qualitative variety of human contributions, because it is assumed that embryonic
stem cells are capable of integrating within a recipient organism at prenatal as well
as at postnatal stages. The degree of evolutionary kinship between the two species,
the developmental stage of the recipient organism and the final localisation of the
stem cells in the recipient organism are considered to be responsible for the extent
and the quality of the mixing and hence the ensuing chimerism.

10.5 Recent Biomedical Developments Which Require
Evaluation with Reference to Their Significance
for Regulatory Action

10.5.1 Altered Nuclear Transfer

In somatic nuclear transfer experiments, cell nuclei of somatic cells are being trans-
ferred into enucleated egg cells. The resulting construct can undergo normal embry-
onic development and eventually proceed to a viable offspring. Nuclear transfer is
at present the preferred technique for cloning. By using multiple somatic cell nuclei
from the same donor the number of obtainable clones is very high in comparison
with cloning by means of embryo splitting. The technique of altered nuclear transfer
(ANT) uses cell nuclei which are genetically modified in order to prevent complete
embryonic development. The product of ANT is a biological embryo construct with
an intentionally restricted developmental potential, which does not allow nidation
and can therefore not proceed into a viable embryo (Meissner and Jaenisch, 2006).

10.5.2 Derivation of Gametes from Human Embryonic
Stem Cell Cultures

With the in vitro derivation of gametes from cultured human embryonic stem cells
the process of gametogenesis and the procurement of gametes could become sepa-
rated and independent from individuals donating oocytes and spermatocytes respec-
tively (Hubner et al., 2003; Toyooka et al., 2003).

10.5.3 Derivation of Gametes from Primordial Germ Cells

Primordial germ cells can be isolated from ovarectomies or from foetal ovaries ob-
tained after pregnancy terminations. In the case of mammals it is possible to mature
such oocytes in culture and achieve fertilisation and normal development, although
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the process is not efficient. In humans the success has been limited and requires an
intermediate transplantation into an animal of the ovarian tissue for oocyte matura-
tion (O’Brian et al., 2003).

10.5.4 Parthenogenetic Embryonic Stem Cells

Parthenotes are organism containing only maternal chromosomes. Preliminary ex-
periments indicate that embryonic stem cells may be obtained by means of artifi-
cially induced parthenogenetic activation of oocytes (Vrana et al., 2003).

These recent procedures and the resulting novel biological products present a
new situation for the evaluation of the moral status of artificially created, partially
non-viable human embryos. In view of the protection of the human embryo in the
Swiss Constitution and Swiss legislation the moral status of such ANT constructs
needs to be assessed in comparison with the native embryo. In this new context the
meaning of cloning may also require a critical examination.

10.6 Recommendations

The protection of the integrity and identity of the human genome, the human
germline and the resulting embryos is an important element in Swiss, European and
International law. As a consequence interventions and modifications of the human
genome or germline using a combination of human and animal components are
not tolerated. However, recent studies show the necessity for a more specific and
differentiated regulatory approach. In particular, restrictions and limitations are also
needed for the protection of animals and animal rights.

Transdisciplinary research on chimeras and other human–animal mixtures should
lead to an evaluation of the current legal sanctions as well as to a review of priori-
ties, and eventually to further specific restrictions for biomedical research. Research
modules such as ELSI should provide a most useful basis for introducing the trans-
disciplinary approach at the very beginning of the research activities. In our country
this could be achieved best, if for example the Swiss National Science Foundation
(SNFS) would, on principle, finance such accompanying research activities as part
of the current granting practice for selected biomedical research applications.

The ongoing biological and medical research on germ and stem cells and on the
early development of human life includes various experiments which mix human
and animal cells and rearrange their respective genomes. Involved researchers from
natural sciences and humanities are therefore challenged to explain their scientific
activities and results to each other and to participate in the public ethical and legal
debates. With our contribution we are following an interdisciplinary and iterative
process between natural and legal scientists who are directly involved in the formu-
lation of legislation. This iterative process, of clarifying definitions and terminology
between biological and normative sciences, needs to start as early as possible and is
imperative for timely legislation.
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Chapter 11
The Development of Multilateral Environmental
Agreements on Toxic Chemicals: Integrating
the Work of Scientists and Policy Makers

Nuria Castells∗ and Ramon Guardans∗

Abstract In this paper we present, first, a brief summary of the historical
development of the main components of contemporary international environmental
agreements. Next, we argue, based on the examples of a few recent international
agreements concerning environment and health, that the procedures established in
the framework of these agreements provide a solid international base for stable and
effective scientific, industrial and political cooperation. Later, we identify some of
the present and future problems and difficulties that should be addressed. In the
final section we underline several points that have been shown to be relevant to
ensure fair and effective action through international agreements on global issues of
environment and public health. In conclusion, the paper argues for strengthening
the dialogue, and the extent of transdisciplinary research, between the scientific
community and policy makers in order to develop synergies from various areas
of knowledge to address complex environmental issues and to coordinate effective
tools to mitigate the impact of anthropocentric activities.

Keywords: Integrated assessment models · Multilateral environmental agreement
(MEA) · Science and policy · Long-range transboundary air pollution · Persistent
organic pollutants

11.1 Background

Multilateral Environmental Agreements (MEAs) are in general the result of a
bottom–up process in societies and countries where environmental problems are of
deep concern to the population and public officials due to serious health or natural
resource problems, such as the impact of the acidification of rivers and lakes on

N. Castells
United Nations Conference on Trade and Development, Geneva, Switzerland
e-mail: Nuria.Castells@unctad.org
∗The views expressed in this article are those of the authors in their personal capacity and do not
necessarily reflect those of the United Nations.

G. Hirsch Hadorn et al. (eds.), Handbook of Transdisciplinary Research, 173
C© Springer 2008



174 N. Castells, R. Guardans

fisheries in Scandinavia during the 1960s (Bölin, 1972). Since the legal framework
of national sovereignty over national resources is often too narrow to resolve the
environmental problem, national authorities bring their concern to the international
arena and raise awareness in neighbouring countries so that, together, they can co-
ordinate efforts in reducing transboundary pollution.

Over the past centuries science, industry and society have had very dynamic in-
teractions. The interplay between these actors has shaped the development of local,
regional and international rules and agreements that deal with the main components
of the process: innovation, development, and commerce. Innovation patterns in pol-
icy making about environment, health and risk prevention follow patterns that can
be compared to innovation patterns in technology (Nijkamp and Castells, 2001).

During the course of history the activity of human societies has always resulted
in the intentional and unintentional diffusion of substances into the environment:
air, water and soil (Martinez-Cortizas et al., 1997). By the end of the 18th century
the environmental and health impact of urban and industrial combustion was well
established and early regulations and norms were proposed (Newell, 1997). In the
early years of the 20th century the work on ionising radiation had started and in
1928 the precursor to the International Commission for Radiation Protection was
established (Lindel and Dunster, 1998) and has produced, over the years, many
of the components of environmental and medical monitoring, global scale assess-
ments and regulations that have been applied to other health and environmental
hazards.

The early nuclear explosions in 1945, the multiple tests and a few accidents in
the following years, showed clearly how long-range atmospheric transport could
occur in short time periods and ultimately lead to the global dispersion of substances
in the atmosphere (Chamberlain, 1953; Pasquill, 1961). The atmospheric models
and operational procedures such as global monitoring networks developed in the
nuclear technology environment were applied to other forms of pollution in the
mid 1960s and established the framework on which the problem of acid rain was
identified (Eliassen and Saltbones, 1975). The theoretical and empirical evidence
gathered between the 1950s and the 1970s demonstrated the importance of long-
range transport of air pollution.

From a theoretical point of view and for practical purposes, atmospheric transport
is divided into: (1) local transport including distances perhaps up to 50 km within
seconds or hours. The main phenomena are mixing within the lower atmosphere
or boundary layer, prevailing winds and deposition, (2) mesoscale transport up to a
few hundred kilometres within hours up to a few days, for which large scale synoptic
weather patterns and chemical processes in the air masses are central, and (3) hemi-
spheric and global transport where the identification of the balance of sources and
sinks and the transport pathways are important. These distinctions are part of the
academic division of labour and are relevant, together with information about the
length of time pollutants stay in the atmosphere (residence time), to practical matters
such as model building and deciding the priorities for monitoring.

The continuity of diffusion and transport processes at multiple scales, from local
to global, and the long residence time of some pollutants made it apparent that the
large scale (air) pollution problems could only be tackled in international, multilateral
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agreements.When theUnited Nationswasestablished in1945theglobewasorganised
in a limited number of geo-political regions. One of them, the Economic Commission
for Europe (ECE) of the United Nations, included the entire European continent,
including the whole area of what was then the USSR, the United States and Canada.
UN-ECE was established to facilitate concerted action for the economic reconstruc-
tion of Europe, for raising the level of economic activity and strengthening the cooper-
ation of European countries. Other analogous regional commissions were established
all over the world. The ECE region included in 1945, and includes today, many of the
wealthiest and most powerful countries in the world. It was in this region, during the
second half of the 20th century, that many of the practical problems of very large scale
industrialisation were addressed for the first time.

The UN-ECE Convention on Long-range Transboundary Air Pollution
(www.unece.org/env/LRTAP), established in 1979, has provided a framework in
which MEAs (e.g. several protocols to the Convention) have been negotiated, agreed
upon, implemented and shown to work (De Vries and Posch, 2003). The work under
LRTAP has benefited over the years from synergies with other processes in the ECE
region. Working groups, laboratories and funding involved in other important insti-
tutional frameworks such as OSPAR (www.ospar.org), MAP (www.unepmap.org)
and AMAP (www.amap.no) have historically played important roles and still do; but
it can be argued that the binding reporting obligations and the assessment methods
developed in the ECE/LRTAP Convention have been particularly innovative in link-
ing policy and science in a long-term dynamic integrated framework. The increased
awareness within some social groups and the political concerns of scientists and
policy makers, led to a unique configuration of transdiciplinary design embedded
in the definition of the agreement itself. Converging concerns focused on issues of
health, environment, social impact (e.g. of loss of traditional means of subsistence
due to acidification of lakes in Scandinavia) and policy definition: leading to the
creation of the framework for the LRTAP Convention.

The political process in the UN-ECE framework (see Figure 11.1), led by the
annual meetings of the Executive Body, provides a unique and pioneering frame-
work for linking science and policy, to mutually enhance the effectiveness of the
research undertaken to fulfil a political mandate based on sound scientific data and
processes. It can be said that the experience gained under the umbrella agreement
of the LRTAP Convention made a seminal contribution to the patterns of making
environmental policy in Europe, and later, on a larger scale, to address complex
environmental problems where solutions would require the collaboration between
science and policy. Network building, scientific work mandated by policy require-
ments, monitoring networks, and research networks beyond political boundaries (at
the time of East and West confrontation) provided an innovative model for other
agreements to follow. The Center for Integrated Assessment Modelling (CIAM)
at the International Institute for Applied Systems Analysis (IIASA) in Laxenburg,
Austria, added the necessary scientific contribution to balance the components be-
tween science and policy and ensured the means and the objectivity required to pro-
vide countries with robust modelling scenarios, while the EMEP network facilitated
the series of meteorological and air quality data on which to base future abatement
strategies for resolving the environmental problem at stake.
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Fig. 11.1 The structure and organisation of the LRTAP convention and its subsidiary bodies in
2006 (Source: http://www.unece.org/env/lrtap/13 January 2006)

11.2 Multilateral Environmental Agreements (MEAs)
and Sustainable Development

Many developing countries have found themselves constrained to adhere to a pro-
cess aimed at international environmental governance in the name of global welfare
and shared responsibilities on global commons, while they have not directly ben-
efited from the economic welfare associated with the industrialisation process of
the pioneering countries. Indeed, environmental policy compliance is often used as
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one of the parameters allowing them to benefit from technical assistance in terms of
technology transfer and investment. Even when compliance is not formally binding,
if they are not part of the agreements, they can find themselves in economic difficulty
since the non-participation in these MEAs can lead to economic consequences in
terms of trade and development goals. For instance, exporting countries increasingly
need to comply with environmental requirements of importing countries, be these
private standards or not, and this can have significant consequences. Countries ex-
porting products not complying with specific environmental requirements can expe-
rience real difficulties in accessing export markets (UNCTAD, 2006). Although the
norms might not be legally binding, in practice the market mechanisms will exclude
them from the international market. This situation can lead, de facto, to a scenario in
which polluting productive processes and products with lower requirements in terms
of health and environment will be authorised only for the local market of developing
countries, while products for the export markets will have to adapt to international
environmental and health related requirements.

The preceding analysis raises the question of ‘which environment for whom’ and
how the trade offs between sustainable development, and environmental protection
and public health, should be addressed. In economic terms, developing countries
cannot afford to allocate the necessary means to regulate, implement and enforce
environmental legislation to comply with international environmental regulations.
Although the global environment can be perceived as an issue of global concern,
developing countries do require more decisive and significant support in economic
and technological terms to enable them to meet the targets and ambition levels in
the agreements. The Rio Declaration took into account the fact that countries have
common but varying responsibilities since they have different reference starting
points. The means to implement this common responsibility has to be given to all
countries, taking into account the role they play in the global environment, and their
own needs, while respecting their sovereignty and policy space. Many MEAs do at-
tempt measures to provide technical and financial assistance to facilitate compliance
by developing countries, and while successfully applied in some cases, they most
often prove difficult to implement due to attached conditions, lack of transparency,
non-user-friendly allocating procedures, and absence of early warning systems to
anticipate and adapt to forthcoming regulations.

The LRTAP Convention, provides an example of effective collaboration allowing
countries to deal with a transboundary environmental problem, despite different per-
ceptions of its magnitude and importance, its causes, and its distributional impact
in terms of harm. The burden sharing of its implementation costs was discussed
within an international framework and addressed by means of integrated assessment
models (IAMs), which attempted to evaluate all these different parameters and to
provide different policy scenarios that enabled abatement strategies to be agreed
and implemented.

Several innovations introduced by the LRTAP Convention have proven to be ef-
fective. These include (i) mandatory reporting and the engagement by parties to pro-
vide the best available information through a network of cooperative research efforts;
(ii) cooperative and consistent monitoring and modelling of atmospheric transport
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and effects on ecosystems and health on a continental scale; and (iii) an iterative
process of assessment and simulation performed by a network of technical groups
including representatives of all countries working with agreed data, on emissions,
transport, effects and abatement costs and using a simulation framework to integrate
the information. This process can identify strategies that, according to the best avail-
able knowledge, achieve maximum environmental effects at minimum costs.

The LRTAP framework displayed in Figure 11.1 was set-up in a stepwise process.
The Convention in Article9 ‘Implementation and further development of the coopera-
tiveprogrammefor themonitoring and evaluation of the long-range transmissionofair
pollutants in Europe’ gave the specifications of what would be formally established,
five years later, by the 1984 ‘Protocol on Long-Term Financing of the Cooperative
Programme for Monitoring and Evaluation of the Long-Range Transmission of Air
Pollutants in Europe EMEP’ (www.emep.int). This agreement established a stable
budget to run the programme shared by a list of mandatory contributions from all the
participating countries specified in the agreement and updated every year. The coor-
dination and intercalibration of chemical air quality and precipitation measurements
are carried out at the Chemical Coordinating Centre (CCC) in Oslo. The storage and
distribution of reliable information on emissions and emissions projections is the task
of the Meteorological Synthesizing Centre–West (MSC-W), in Oslo. The MSC-W
is also responsible for the modelling assessment of sulphur, nitrogen photo-oxidant
pollutants and atmospheric particles. The modelling development for heavy metals
and persistent organic pollutants (POPs) is the responsibility of the Meteorological
Synthesizing Centre–East (MSC-E) in Moscow. In 1999 the Executive Body of the
Convention decided to include integrated assessment into the core activities of EMEP
and to establish a Center for Integrated Assessment Modelling (CIAM) in Laxenburg,
Austria, building on past modelling work, in particular the RAINS model.

EMEP (May 2004) includes 186 monitoring stations in 38 countries working
with the same standards and performing intercallibration exercises. It has developed
and maintains continental size transport models that calculate, based on the best
available information on atmospheric processes and atmospheric conditions, the
movements and transformations in six hour steps of a range of chemical substances
across the European continent, using a grid of cells of 50×50 km and 30 vertical
atmospheric layers. These models include extensive official databases of activities
and estimated pollutant emissions, compiled from the reports submitted by each
country. EMEP provides sound scientific support in the areas of emission inventories
and projections, atmospheric monitoring and modelling, and integrated assessment
modelling. Results from the monitoring network, together with emission data and
atmospheric transport modelling, have shown how air pollution moves through the
atmosphere, and have made it possible to quantify the source–receptor relationships
that attribute different fractions of atmospheric pollutant concentration in a region
to sources in different countries. This science is used by policy makers to design ac-
tions across wider regions such as Europe and North America, as well as to address
emissions in their local areas.

The evidence provided by EMEP was central to the negotiation that produced
the 1985 ‘Protocol on the Reduction of Sulphur Emissions or their Transboundary
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Fluxes by at least 30%’. This agreement underlined the problem with the choice
of 30% (25% may have a similar effect at lower cost; 40% may have a slightly
higher cost but have a much more significant effect) and the necessity to develop
effects oriented strategies that integrated all available information and to try to find
ways of maximising the environmental impact of abatement strategies in the most
cost-effective way.

The effects based approach was established in the 1988 ‘Protocol concerning the
Control of Nitrogen Oxides or their Transboundary Fluxes’ that says, inter alia, in
Art. 6

the Parties shall . . . seek to . . .

(a) Identify and quantify effects of emissions of nitrogen on humans, plant and animal
life, waters, soils and materials, . . .;

(b) Determine the distribution of sensitive areas;
(e) Develop, in the context of an approach based on critical loads, methods to integrate

scientific, technical and economic data in order to determine appropriate control strategies.

The objective of developing effects oriented abatement strategies was described
and formally established in the 1994 ‘Protocol on Further Reductions of Sulphur
Emissions’. This agreement was clearly effect oriented and relied on EMEP and
the Working Group on Effects (www.unece.org/env/wge) to provide scientific back-
ground and to assess the impact of alternative pollution abatement scenarios. The
Working Group on Effects was established to provide the Convention with infor-
mation on the degree, geographic extent and dynamism of the impacts of major
air pollutants on the environment and human health. There are six International
Cooperative Programmes (ICPs). These deal with: (1) the effects of air pollution on
fresh waters – (it runs a continental network of over 30 stations and works in the
language of limnologists), (2) the effects on forests – monitoring is carried out at
thousands of plots, and intensive monitoring at hundreds of sites across Europe and
speaks the language of forestry science, (3) effects on crops (using the terminology
of agricultural science), (4) effects on materials (using engineering terminology ),
(5) integrated monitoring – focusing on measuring mass balances, and ecosystems
science in heavily instrumented research sites such as watersheds, and (6) modelling
and mapping – integrating the main findings of these groups in coherent and con-
sistent geographical databases, graphic representations and modelling procedures.
The Joint Task Force of the World Health Organization (WHO) and the Executive
Body for the Convention on the Health Aspects of Long-range Transboundary Air
Pollution assesses the significance of LRTAP in public health strategies.

The Center for Integrated Assessment Modelling under EMEP is located at the
International Institute for Applied Systems Analysis. IIASA is a non-government
research organisation. It conducts interdisciplinary scientific studies on environmen-
tal, economic, technological and social issues within the context of human dimen-
sions of global change. IIASA is located in Austria near Vienna and is sponsored by
its National Member Organizations in Africa, Asia, Europe, and North America
(www.iiasa.ac.at). It has a central role in the development of effects oriented
abatement strategies in LRTAP. Over 20 years the Transboundary Air Pollution
(TAP) Group in IIASA has developed and maintained an integrated assessment
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modelling framework linking detailed quantitative scenarios, emissions, atmospheric
transport and effects, for several pollutants and types of effects.

The Secretariat of the LRTAP Convention at the UN in Geneva has played a
very relevant role in the timely preparation of the meetings and documents and is
responsible in a significant measure for the overall success of the effort.

The work carried out under the 1994 Protocol was the basis for the develop-
ment of the 1999 ‘Protocol to Abate Acidification, Eutrophication and Ground-level
Ozone’ where, for the first time, several pollutants and several effects are addressed
in a consistent effects oriented strategy, which was negotiated through multiple sim-
ulations and assessments of different scenarios.

The ground work laid out by EMEP concerning methods for building and main-
taining emission inventories and air pollution monitoring networks, has been instru-
mental in the development of other initiatives such the Framework Convention on
Climate Change and its Kyoto Protocol.

By 1990, the evidence gathered in the Arctic by AMAP and others concerning
the long-range atmospheric transport of persistent toxic chemicals confronted the
LRTAP Convention with a new challenge: these chemicals, by their mode of prop-
agation and their effects, could not be dealt with using the existing effects oriented
methods and conceptual frameworks. At the same time it was apparent that there was
a solid argument to include these pollutants in the work of the LRTAP Convention.

The ‘Protocol on Persistent Organic Pollutants’ under LRTAP, signed in Aarhus
in 1998, is not effects oriented and did not make any use of integrated assessment
models due to the difficulty in establishing source–receptor relations of substances
that can be deposited from the atmosphere and revolatilised multiple times. The Pro-
tocol prepared the ground for the global agreement on persistent organic pollutants
under the United Nations Environmental Programme, signed in Stockholm in 2001,
that established reporting obligations and cooperation procedures on a global scale.

The description of this process clearly highlights the benefits of transdiciplinar-
ity, which enabled the definition of multi-effects oriented strategies based on infor-
mation coming from different scientific sources and different policy interests. The
latest LRTAP Protocols are clear examples of the gains that can derive from coop-
eration between the different branches of science, and between the social sciences
and the hard sciences. Complexity cannot be addressed from a narrow knowledge
framework. Global problems require cooperation from different actors: from policy-
makers to scientists and the actors in society. Transdiciplinarity in this case is not
an epistemological question but a result of a real need to ensure an effective design
and an effective implementation of the MEAs.

11.3 Integrated Assessment Models at the Interface
of Science and Policy Making. The Use of RAINS
Model in the LRTAP Convention

The role of integrated assessment models (IAMs) in this process has been instru-
mental in enabling scientists and policy-makers to find common tools for work-
ing together on environmental issues. Relying on the EMEP Programme and the



11 The Development of Multilateral Environmental Agreements on Toxic Chemicals 181

Working Group on Effects to provide the required scientific knowledge and
necessary data, CIAM has developed methods and procedures that enable scien-
tists to address an environmental problem while producing an outcome that can
be understood by policy makers, in terms of policy scenarios, without the need to
understand the complexity in the IAM. Furthermore, by incorporating the necessary
variables and indicators into the design the socio-economic impact of the environ-
mental strategies is addressed and evaluated in the different policy scenarios. The
social impact can then be calculated thanks to the powerful modelling tools that are
available nowadays.

The implementation of the LRTAP Convention and the EMEP programme, as
well as the activities of ICPs and their Task Forces under the Working Group on
Effects, led over some 25 years to the development of a stable network of hun-
dreds of laboratories and thousands of scientists across the European continent and
North America. These regularly exchange information concerning new knowledge,
methods and data, thus providing robust, consistent and comparable information to
modellers and policy makers across a sizable part of the northern hemisphere (Bull
et al., 2001).

It is important to underline the strong synergy between environmental objec-
tives and foreign policy objectives that has been central to the development and
implementation of the LRTAP Convention, as well as to other successful, pioneer-
ing examples of integrated environmental strategies, such as the Arctic Monitoring
and Assessment Programme, OSPAR or MAP. The shared environmental and health
targets described in agreements, and the trust building scientific cooperation efforts
resulting from them, have played a significant role in controlling and mitigating en-
vironmental risks and in establishing procedures aimed at more effective, transpar-
ent and accountable governance. In addition to scientific knowledge from the hard
sciences, a key instrument for linking this knowledge to the policy making process
has been the development of powerful integrated computer models. These simulate
policy scenarios, transport and diffusion pathways, environmental and health ex-
posures and effects, and are based on the best available data compiled through the
cooperation under the agreements.

Among the different protocols developed during the implementation of the over-
arching mandate of the LRTAP Convention, the 1994 Sulphur protocol marked a
turning point in the history of policy making on environmental issues. It was the
first time that negotiators agreed to use an Integrated Assessment Model (IAM), the
RAINS model, as a key tool to elaborate policy scenarios on air pollution abate-
ment strategies. IAMs, such as the RAINS model, have become essential technical
tools used to simulate ex ante the potential effects of alternative air pollution abate-
ment strategies (Alcamo et al., 1990; Sørensen, 1994; Mayerhofer et al., 2002).
Since their results facilitate the negotiations by providing objective data about the
possible consequences, the performance of such tools has facilitated the develop-
ment of more detailed international agreements in terms of the effects, on public
health and the environment, of alternative strategies. They provide alternate sce-
narios for several time horizons in each country, and different emissions abate-
ment hypotheses and their costs. Nonetheless, these IAMs are not able to, and
they are not supposed to, take account of the reflexive properties of the systemic
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issues at stake when defining environmental policies. A scientific tool will not
replace a process of decision taking, which by definition ends up being a political
agreement. The mutual supportiveness of science and policy will pave the way for
policy options to be identified on a sound scientific basis and for negotiations to
be shortened by the availability of better information on which to base the final
scenario.

The RAINS model became a pioneering model for supporting the decision mak-
ing process towards an international agreement. In fact, the literature refers to this
model as the first one that integrated the use of computer tools into the bargaining
process on an international environmental issue. Futhermore, it has been a tool for
learning about the dynamic interplay between scientists and policy makers: sev-
eral seminars, including representatives of both communities, have been organised
around its application, in order to improve the communication. Scientists learned
more about what the policy makers expected from their assessment, while the policy
makers better understood what RAINS allowed them to ask of the scientists. This is
reported by Alcamo (Alcamo et al., 1996):

One lesson learned by the RAINS modelling team was that the interaction between com-
puter modellers and policy-makers was a key ingredient in having RAINS used in negoti-
ations. For example, the modelling team met many times directly with negotiators or their
advisors and responded to specific requests for further analysis.

It can be said that the use of the RAINS model corresponded to the application of the
so-named regulatory science. This implies using scientific knowledge for regulatory
purposes. It diverges from pure science mainly due to the fact that the final values,
based on the updated scientific knowledge and ‘weighted’ by some specific policy
requirements, do not result purely from the application of scientific methods. There
is an interplay between these scientific methods and the policy purposes to which
they are supposed to provide assessment.

The analysis of IA approaches and the related use of IAM has led the discussion
towards fundamental questions that shape the building of environmental policies,
related to the role that scientific knowledge plays in the decision making process.
This is a central point in transdisciplinary research, which discusses – as an im-
portant characteristic of the institutional innovation process in building MEAs –
the role of scientific expertise to support policy decisions on salient environmental
issues.

In the case of the LRTAP Convention, there was an internal debate about which
IAM to use as the basis for defining policy scenarios in terms of abatement strate-
gies. Although the overarching goals and the input parameters would be similar,
the different computer models could provide a variety of abatement options. These
differences could lead to changes in burden sharing among the countries involved in
the overall pollution abatement exercise. This is not the place to discuss in detail the
technicalities, but this discussion provides an example of the subjective dimension
of scientific tools, which must be taken into account when using them for defin-
ing political options. Policy makers are not necessarily aware of the existence of
alternative tools and the implications of selecting one among the possible set of
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options. It is necessary that scientists and policy makers, hard sciences and social
sciences, open a channel for dialogue in order to consider all these soft elements in
the definition process of strategies. (Castells and Funtowicz, 1997)

11.4 Evolution of Tools and Models in Environmental
and Public Health Policy Making

In recent decades, risk assessment methods have evolved significantly in two direc-
tions that are relevant to this chapter. First, the vast improvement in the available
analytical methods, e.g. Mass Spectroscopy (MS), Gas Chromatography (GC) and
the Electron Capture Detection (ECD), have made it possible to identify precisely
very small amounts of complex molecules in small samples of the environment
and organisms (including people). These improved tools were applied in exten-
sive monitoring exercises around the world. In the 1970s these tools demonstrated
the presence of thousands of different artificial chemicals in samples from even
the most remote locations in the planet (Jensen et al., 1969). Second, the research
into these artificial chemicals and their effects on organisms has benefited from
the development of molecular biology, genetics and, of course, computer science.
These changes have made it possible to characterise environmental and health ef-
fects of toxic substances taking into account multiple endpoints: not only tumours,
but also more subtle negative effects such as immune system disruption, endocrine
disruption and developmental impacts, all of which can be identified in cellular and
molecular processes and in their ecological consequences.

A classic example of the changes in the perception of the pathways and endpoints
of toxic chemicals is Rachel Carson’s Silent Spring (Carson, 1962). Carson included
forceful and well documented descriptions of the environmental effects of DDT and
other pesticides and the book significantly raised the profile of this issue. Today,
the detailed understanding of cellular and genetic processes makes it possible to
identify the effects and modes of action of toxic molecules interfering with cellular
and developmental pathways with enhanced precision. This means that potential
effects on immune or hormonal processes can be inferred from activity at the cellular
receptors, such as the Ah receptor. Furthermore, there is now ample evidence of
chronic effects associated with low doses of POPs and mixtures of POPs. Exposure
over long periods, even at relatively low concentrations, can have significant impacts
at particularly sensitive periods in the development of neural, hormonal and inmune
systems.

Risk assessments carried out in the 1990s (De March et al., 1998) identified the
threats associated with volatile, persistent, liposoluble and toxic substances. Be-
cause they are persistent, these substances can remain in the environment and in
organisms for long periods; because they are volatile and persistent, they can travel
long distances in the atmosphere; because they are liposoluble, and thus dissolve
better in fats than in water, they accumulate in organisms and concentrate along
food webs. Some of these substances, identified as persistent organic pollutants
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(POPs) or persistent toxic substances (PTS), can be toxic at very low concentrations,
thus potentially interfering with genetic, immune, endocrine and developmental pro-
cesses.

The mounting evidence about this very relevant component of long range atmo-
spheric transport in the global distribution of these toxic substances, led the coun-
tries of the Arctic to identify the UN-ECE/LRTAP Convention as the most effective
forum to initiate wider international action to control the risk of harm posed by
POPs, to the environment and health.

The recent work on persistent organic pollutants has had several important con-
sequences in the conceptual framework to address the assessment of risk from air
pollution and formulate risk reduction strategies. The way POPs move in the en-
vironment and in organisms is different from the way pollutants such as sulphur,
nitrogen oxides or ozone move or intervene in the environment and in organisms. As
a consequence the models of emission, atmospheric transport and effects for POPs
are different in several aspects from the IAM models developed for acidification and
ground level ozone. POPs are volatile and can thus go back to the atmosphere from
the soil, water or vegetation for hours days, weeks or years following deposition if
the temperature or concentration conditions change. This means that the relatively
simple source–receptor relations that can be used for sulphur, nitrogen and ozone are
of no help for POPs and models based on fugacity or non-steady state assumptions
have been developed. Due to their tendency to accumulate in lipids and to their
mode of action POPs can be a risk to human health and the environment at very low
environmental concentrations. Consequently the lengthy pathways and routes that
lead to exposure and the resulting dose needs to be included into the monitoring and
modelling efforts to identify effective and practicable ways to decrease exposure
and environmental levels.

11.5 International Action on Persistent Organic Pollutants

By the last decade of the 20th century the LRTAP Convention had developed an
elaborate process of consultation and analysis that had been shown to be effective
in decreasing the intensity of the flows of transboundary air pollution. The initial
steps of the process led to the agreement on POPs technical groups. Policy makers
had to develop new approaches to deal, within the LRTAP Convention system, with
a problem that was clearly relevant but could not be dealt with using the existing
assessment framework and expertise. At the same time, however, experts working
on POPs identified the LRTAP Convention as the best way to achieve effective in-
ternational action on POPs. Interestingly the LRTAP process was not only able to
deal with that challenge, and with the help of interested parties, to produce in 1998
an agreement on POPs but, in doing so, it prepared the ground for a global agree-
ment under UNEP and for relevant developments in the European Union legislative
framework concerning toxic chemicals.

The risk assessment process that substantiated the case for an internationally
binding agreement on POPs under LRTAP Convention was taken up by UNEP.
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In 1998, its Governing Council initiated the process to establish a global agreement
that launched the construction of an international framework to provide legal, po-
litical and technical tools to decrease the risk from certain POPs to health and
the environment. The May 1995 meeting of the UNEP Governing Council (GC)
adopted Decision 18/32 on POPs, inviting several UN programmes dealing with
toxic chemicals, to initiate an expeditious assessment process – Inter-Organization
Programme for the Sound Management of Chemicals (IOMC), working with the
International Programme on Chemicals Safety (IPCS) and the Intergovernmental
Forum on Chemicals Safety (IFCS). It initially began with a short-list of twelve
POPs: aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, hexachlorobenzene,
mirex, polychlorinated biphenyls, polychlorinated dibenzo-p-dioxins, polychlori-
nated dibenzofurans and toxaphene.

In February 1997 UNEP Governing Council agreed on Decision 19/13C, which
called for the establishment of an Intergovernmental Negotiating Committee (INC)
to develop a global instrument to address POPs and to initiate a number of imme-
diate actions pertaining to exchanging POPs information, identifying alternatives to
POPs, developing guidance for identifying sources, and managing and disposing of
wastes and materials containing POPs.

The initial list of substances considered by UNEP represented a compromise
aimed at establishing the initial steps of a process within a relatively low budget, and
thus included only substances for which scientific research in the preceding decade
had produced ample evidence of long range transport and toxicity. Importantly, these
substances did not require much further research and were already subject to strin-
gent restrictions and regulations in many countries, thus facilitating compliance in
the initial stages. The Convention includes a procedure to add other substances in
the future.

This process led by UNEP and the Global Environment Facility (GEF), organ-
ised a series of meetings, convening experts and policy makers from all over the
world and elaborated a global survey published in 2002 (www.chem.unep.ch/pts/
regreports). The Convention on Persistent Organic Pollutants was signed on 22 May
of 2001 at the Conference of Plenipotentiaries in Stockholm (www.pop.int). The
agreement came into force on the 14 May 2004 with 151 countries signing and
110 ratifying and thus being parties to it (September 2005), and initating a large
international transdisciplinary and cooperative effort on this issue.

In summary, the methods developed under the LRTAP Convention have estab-
lished a solid base for long-term international action on air pollution relying on
cooperation of scientists and policy makers through a network of working groups
and models. The evolution of measurement and monitoring techniques and the re-
sulting changes in risk assessment and perception has brought POPs to the attention
of scientists, policy-makers and society at large. These then, relied on the work of
the LRTAP Convention, which addressed the problem effectively and had an in-
strumental role in developing a global approach to POPs. By doing so, the LRTAP
Convention enlarged its scope and conceptual framework. In addition to the real
success of many of the protocols born under the LRTAP umbrella agreement, its
main achievement at a more structural level has been to stimulate and drive an
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interactive process between the scientific community and the political community,
translating into policy making language the results and simulations emanating from
scientific models and creating a stable and well-coordinated research network on
key air pollution issues. This dynamic learning process of interaction among pol-
icy makers, scientists and stakeholders concerned by the problems – government
representatives, industry, NGOs, research institutes, academy – has provided an op-
erative model to address complex environmental issues of a transboundary nature
in an effective and collaborative way. This has increased the possibility of mitigat-
ing impacts and minimising risks associated with anthropocentric activities on the
environment and public health (Guardans, 2002).

11.6 Current Challenges

Undoubtedly, the successful implementation of international environmental agree-
ments has resulted in better trends in some specific areas of transboundary environ-
mental pollution. The experience has led to an increased acceptance of the need for
international collaboration to avoid unsustainable trends and damage to the environ-
ment and public health. It has shown the need to improve dialogue and develop trust
between stakeholders and to find common languages to discuss complex issues and
to define policy scenarios in effective terms.

Nevertheless, this success story might read differently when looked at from the
perspective of stakeholders who might feel they are being requested to contribute to
solving a problem and therefore to sharing the costs of implementation: be they real
or simply the costs of not being allowed to follow certain development paths that
they would have followed had they not been obliged to be part of these international
environmental agreements. Transboundary air pollution is a global issue to which
different countries have contributed in substantially different proportions across the
world. The emissions per capita of air pollutants over time and by regions have
been very unevenly distributed. Indeed, industrialised countries accelerated the air
pollution process and launched environmental policies once their industrialisation
process was already consolidated. Being the richest countries in the world, they were
able to shift their priorities and devote part of their economic resources to mitigating
the damage they had been inflicting on the environment for decades, in order to ad-
dress the increased concern of their populations. The situation faced by developing
countries now cannot be compared to the one faced by pioneering countries in the
industrialisation process. New frameworks are required to address their needs while
preserving their development potential and not putting global sustainability at stake.

The methods and experience gathered through these international cooperation
processes in heavily industrialised and polluted countries can help, to some extent,
avoid the repetition of costly and avoidable mistakes, in the contemporary process
of industrialisation of other areas of the world.

Models can tell us about an environmental problem and the alternative scenarios
for policy strategies. They do not shed light on what all the political options for the
countries involved should be. A model is a powerful policy tool, but it cannot be
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better than the data provided or the analytical structure embedded in it. The weight
given to the different parameters in terms of policy options can to some extent re-
flect priorities of those designing the policy tool. More often than not, these tools
have been developed in countries with well-advanced knowledge about technology
and environmental problems. Unless the parameters for these modelling tools are
discussed in a transparent process among the stakeholders in the different regions
and social sectors concerned by the final policy scenarios, and there is a transparent
consultation process for the selection of values in the model, the resulting set of sce-
narios could embed a set of values that might not reflect the priorities of developing
countries (Castells, 1999).

In the future, the process of constructing international policy tools to protect
the environment and public health will have to develop further, in line with the
integrated models described here, to identify common ambition levels and imple-
mentation strategies that take into account the very different baselines or starting
points reinforcing the ex-ante policy process of consultations among the different
countries and sectors involved.

Several features of the POPs issue – such as the multiplicity of sources, including
products, their persistence and long range transport and the multiple effects end
points – make it clear that it is urgent to enhance the transdisciplinarity of the ap-
proach to identify the main aspects of the problem and find effective ways to deal
with it from local to global. This leads to a new generation of integrated models
and other innovations that will have to consider the factors that modulate exposure
(Sexton et al., 1995; UNEP/ILO/WHO, 2000), the dynamic filter that intervenes
between environmental concentrations and the body burdens in wildlife and people.

11.7 Recommendations

Many substances can be harmful at high concentrations but are innocuous or re-
quired at lower concentrations (e.g. metals, sulphur etc.). Radiation and persistent
organic pollutants are potentially harmful at all doses. The probability of negative
effects decreases with the intensity of the aggression but there is no lower threshold
of effect. Below some level the response is not proportional to the dose, it is stochas-
tic, the probability of effects can be established but no deterministic prediction is
possible about precise effects on individuals, locations or times. These differences
are obviously relevant for the design of models, monitoring strategies and policy in-
struments and should be taken into account during the interactive process of building
integrated knowledge for policy making.

Practically, in terms of political and social debate, there has always been a ten-
sion between the identification of pollution problems and the resulting risk to en-
vironment and health, and the implementation of effective action at scales relevant
to confronting the problem. In particular in the Atlantic societies of the northern
hemisphere, over the last century, the means of production and the sectors of activ-
ity in society that produce wealth were lacking a dialogue framework for building
consensus on how to prevent risks without jeopardising the differing interests of the
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parties. Democratic procedures are not equally developed and fully efficient among
the parties. A prosperous democratic society has, in theory, the means to prevent risk
of predictable harm to the environment and public health but the practical balance of
power is favourable to short term benefits. Consequently, in the domain of environ-
mental and public health legislation there is a time lag between the identification of
a problem with enough factual evidence and the implementation of effective action
that is in the range of 20–30 years.

It has been shown that a plural and political process to develop effective strategies
to avoid harm to environment and health is possible but heavy and slow because it
has to harmonise the communication between activity sectors, social groups, ge-
ographical regions and multiple scales of action, from a household to the United
Nations.

The LRTAP Convention has played a central role in creating awareness and con-
cern regarding large scale air pollution and the necessity for fair and effective poli-
cies to handle the problem, involving multiple actors and multiple scales of action.
Factors that made this agreement particularly effective include:

- Involving relevant stakeholders: country representatives – including both pol-
luters and polluted-, scientists, policy makers, international organisations, aca-
demic institutions, NGOs.

- Creating a ‘transdisciplinary framework for dialogue’: The establishment of
mandatory reporting obligations, and the engagement by parties to provide the
best available information made it possible to develop and use Integrated Assess-
ment Models, adopted for the first time in international law as a means to design
policy scenarios on which to base political decisions.

- Institutional innovation: The process by which ambition levels and scenarios
where specified and agreed involved the settling of a micro–macro coordination,
involving national resources; local monitoring and collecting data networks; in-
ternational resources; mediation of international–regional organisations such as
the UN, and the European Commission (Clean Air for Europe).

- Bringing together scientists and policy makers and translating complex issues
into real world policy scenarios through stable networks of working groups and
mandatory reporting procedures.

- Ex-ante estimation of the burden sharing: The use of IAMs enabled policy mak-
ers to take decisions while being aware of estimated costs of implementing the
decisions they would be endorsing. Previous experiences had resulted in policy
commitments that were unbearable in practice by the countries, but the lack of
tools and scientific assessment prior to the policy commitment impeded the esti-
mations being known prior to the implementation phase.

The history of the LRTAP Convention and the definition of some of its protocols
shows that the interaction of scientist and policy makers in the framework of a stable
long-term process can result in win–win scenarios in terms of effective environmental
policy being designed, agreed and successfully implemented in the most effective and
efficient way. For such a pattern to be reproduced, the participatory process involving
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stakeholders and the dialogue between science and policy seems to be a prerequisite,
which does not ensure success but paves the way for it.

The views expressed in this article are those of the authors in their personal capacity and do not

necessarily reflect those of the United Nations.
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Chapter 12
Climate Protection vs. Economic Growth
as a False Trade Off: Restructuring Global
Warming Mitigation

Hermann Held and Ottmar Edenhofer

Abstract The project asks how to derive and then promote a balanced portfolio of
climate policies and technologies currently under discussion as efficient means to
avoid (‘mitigate’), or at least limit, global warming. Thereby, the agenda responds
to the emerging consensus within the climate research community that anthro-
pogenic greenhouse gas emissions – such as generated during combustion – would
induce global warming with serious potential consequences. The ongoing climate
debate about how much global warming should be mitigated serves as a starting
point. While ‘climate environmentalists’ opt for strict emission reductions, influ-
ential economists proposed – at least at the beginning of the project – that the re-
quested reductions would severely hamper the world economy. The ‘metamethod’
of the project disentangles the deterministic and normative arguments of the debate.
Within that setting, the methodology of the project displays two main characteris-
tics. Firstly, robust deterministic knowledge about the climate system and the energy
technology sector is captured by mechanistic models. This ‘deterministic branch’
would allow us to represent the effects of greenhouse gas emissions on global warm-
ing as well as the effects of investment decisions on the competitive advantage of
renewable sources over greenhouse gas emitting technologies. Secondly, the project
distills the present line of normative settings involved in the climate debate – what
impacts of global warming on the one hand, and of strict emission reduction targets
on the other hand, are acceptable. A further normative issue is how to decide, un-
der present-day uncertainties that modulate our knowledge, about the causal links
from potential political actions to their impacts. The approach of the project is to
search for climate policies that would observe the minimum requests of each of
the two major disputing ‘camps’ and to thereby maximise the chance for societal
consensus. The minimum request of the ‘environmentalists’ is to guarantee that
global warming shall not transgress 2◦C. The minimum request of economists is that
welfare loss due to climate protection should be somewhat below 1%. As a primary
result, the project has qualified the systems dynamics, enabling the identification of
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investment paths that are likely to observe the minimum requests of both parties.
Key transdisciplinary challenges of the ongoing project are as follows: distilling the
major epistemic (knowledge on systems dynamics) and major normative arguments,
and alleged disagreements, as the two are intimately entangled within economic
theory; finally, keeping track of assumptions and desires of major players to ensure
that the project’s stylised solutions will in fact catalyse a societal consensus.

Keywords: Climate change · Global warming mitigation · Economic growth ·
Costs of mitigation · Consensus driven approach

12.1 Background

The project attempts to tackle the alleged trade off between global warming miti-
gation and economic growth that has continually been proclaimed in the scientific
as well as the public debate over the last years. While environmental NGOs tend to
focus on the former aspect, most large energy suppliers are more concerned with
the latter. Furthermore, both points of view are strongly supported, if not shaped, by
members of the climate and economic research communities, while the engineering
community is split depending on whether they work on renewable or non-renewable
sources. Due to the importance of fossil fuels in discussions of climate change, geol-
ogists also have a strong impact on the debate about the costs of climate protection,
and are themselves divided into two camps. One camp predicts that the extraction
of conventional fossil fuels will reach a maximum within a decade; the other camp
claims that fossil fuels will remain cheap and abundant for the rest of this century.
The latter view is strongly supported by the majority of economists who argue that
price signals will induce substitution processes so that potential bottlenecks in the
extraction of conventional oil can be overcome. If fossil fuels are relatively cheap
and abundant, then the costs of mitigation are relatively high because any limits
set on CO2 emissions effectively devalue assets invested in the fossil fuel sector.
The specific role that researchers play within the debate on climate policies is char-
acterised by a delicate entanglement of target knowledge and systems knowledge
arguments. Hence, a significant proportion of resources within our project is devoted
to clarifying not only the validity, but initially, the category of those arguments.

Furthermore, our assessment requires the integration of various disciplinary
paradigms: while the natural sciences strive to extract the key dynamic mechanisms
of the system under study, and attempt to be as neutral as possible regarding norma-
tive settings, economic growth theory traditionally proclaims to illuminate which
future paths (in our case, which investment paths) should be chosen to maximise
welfare. As we will outline in the following sub-section, this seeming clash of an
‘objective’ versus a ‘normative’ discipline is easier to tackle than is achieving a
balanced view of the uncertainties involved in the individual disciplines together
with the further complications caused by looking at issues from the engineering
perspective. We have to clearly state that any attempt to comprehensively compare
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the validity of results derived by various disciplines goes beyond the scope of any
individual project and rather represents a long-term enterprise. However, we strive
to make the assumptions upon which our assessment is based as explicit as possi-
ble, while at the same time trying to develop schemes that either bypass pertinent
uncertainties or shift the burden of reducing those uncertainties from the research
community to powerful market based institutions. We emphasise that these market
based institutions have to be embedded in a broader regulatory framework enabling
not only economic but also social and ecological sustainability.

In the course of our project we have found it necessary to massively invest in
several of the disciplines involved before we could use their results for integration:
each community had defined its own priorities, which were not optimised for later
integration.

Finally, we attempt to integrate social attitudes by striving for new solutions
that satisfy the minimum claims of the mitigation side while leaving global wel-
fare roughly untouched, thereby satisfying requirements for a conservative welfare
function as proposed by opponents of strong mitigation measures. We represent the
minimum mitigation conditions by the requirement that global warming remains
within the ‘climate window’ defined in WBGU (1997): the increase of global mean
surface temperature shall not transgress 2◦C (compared to its pre-industrial value)
and the rate of change shall stay below 0.2◦C per decade if large-scale ecosystem or
climate system disruptions are to be avoided. The significance of this climate win-
dow has been renewed in WBGU (2003). We frequently check the potential of our
iteratively substantiated solutions for consensus by informally contacting various
opposing stakeholders.

On 16th February 2005, the Kyoto protocol, that for the first time implements
an emission cap for carbon dioxide, was put in operation. However, the emission
reduction achieved by this framework represents only a small fraction – markedly
below 10% – of the reductions necessary to achieve the climate window. Therefore,
at present, a ‘post-Kyoto regime’ is under heavy negotiation. Our project shall con-
tribute to the development of a powerful ‘post-Kyoto regime’ resulting in significant,
yet politically realistic mitigation measures.

12.2 The Climate Debate

The overwhelming majority of climate scientists expect that the Earth’s mean sur-
face temperature will increase in response to anthropogenic emissions of green-
house gases in ways unprecedented over tens of thousands to millions of years.
More specifically, in 2001 the Intergovernmental Panel on Climatic Change (IPCC)
established as a scientific consensus that the temperature would rise between 1.5 and
6.2◦C (Houghton et al., 2001) by the year 2100. This rather large temperature spread
is due in roughly equal parts to the considerable uncertainty in intrinsic properties of
the climate system and to the span of future greenhouse gas emission scenarios. The
latter implies that climate policies would in fact have a strong influence on the ex-
tent of global warming. In fact, several global players such as governmental bodies,
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NGOs and energy suppliers (European Commission, 2000; Browne, 2004) have
stated that global warming must be constrained to an upper limit of 2◦C to avoid
potential massive, or even irreversible, impacts. Although an increasing number
of statements have been made in the past few years asking that significant mea-
sures be taken to mitigate global warming, a consensus on which options may fa-
cilitate an ambitious climate goal has not been established. Typically, individual
options such as massive implementation of solar power or life-style changes are
considered as either economically inefficient (Nordhaus and Boyer, 2000; Lomborg,
2004), impractical in engineering terms on a large scale, or politically implausible
(Lomborg, 2004). At the same time, supporters of these measures disseminate num-
bers suggesting an enormous potential for mitigating global warming.

Our project aims at clarifying these somewhat contradictory and non-integrated
assessments of mitigation options. We expect that an intelligent mix of options
rather than one optimal solution will facilitate mitigation (of massive global warm-
ing) and analyse the following major options accordingly:

- Transformation of the worldwide energy system to renewable energy sources
- Enhancement of energy efficiency
- Carbon capture and sequestration (CCS)

We aim to determine for the economically optimal mix of investment streams for
these options. The optimisation is performed under the boundary condition that the
WBGU climate window as defined above (Section 12.1) is observed. For our opti-
misation, business as usual (in particular usage of fossil fuels) is treated as a fourth
option. While the first two options have some tradition within the political debate
on a decadal time-scale, carbon capture and sequestration is only now entering the
public discourse. The latter technology suggests leaving the infrastructure based
on fossil fuels intact, while extracting carbon dioxide from the stream of effluent
gases emitted from large point sources such as power stations, and compressing,
transporting and injecting it into geological formations (Edenhofer et al., 2005a;
Held et al., 2006).

Such an assessment is typically called integrated as several options are analysed
in a joint manner, and several disciplines are involved: climate science (for the im-
pact of emissions on global mean temperature), engineering and economics.

The procedure outlined so far would qualify as an integrated assessment, accord-
ing to the state of the art. However, we would like to take seriously the fact that major
deterministic properties involved in the analysis (such as the climate dynamics) are
uncertain, and ask for policy recommendations that are optimal under uncertainty.
In a formalised setting, the latter is the topic of decision theory. Furthermore, as
various mitigation options are characterised by significant potential for undesirable
side-effects typically not represented in economic terms, we plan to nest our eco-
nomic investigations into a qualitative risk assessment using the terminology of risk
classes (WBGU, 1998).

Finally, we would like to extend the analysis further towards the actual needs
of climate policy. First, our recommendations shall take the view of present-day
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global actors (such as the EU, the US, India, China, NGOs, corporations) rather
than the view of a single global planner (such as a fictitious world government).
Second, the social optima derived from such economic analyses still do not tell much
about how policies shall be implemented in the existing economic system, and in
particular, which financial instruments would induce the desired development at the
private enterprise level. Our project aims at developing such financial instruments
that shall bridge the gap between abstract policy recommendations and the room for
maneuvering that actual policy makers have.

For these reasons, our project involves representatives from climate science, eco-
nomic growth theory, systems theory and statistics. We import engineering expertise
from external partners. Research progress is informally communicated to the German
Federal Ministry of Economy, to the Ministry of the Environment, to German energy
suppliers and to the NGO Greenpeace. We attempt to shape the scientific information
such that a societal consensus on a mitigation policy can be catalysed on rational
grounds, and attempt to distill the deterministic from the normative issues involved.

12.3 The First Iteration of an Integrated Assessment

How do we position ourselves as interdisciplinary researchers within the fields
spanned by the climate–economy debate? As a key motivation for our project
we comply with the above mentioned statements by the climate community on
anthropogenic emission induced global warming. While we accept their systems
knowledge on the expected climate dynamics in the sense of a most plausible range
of behaviours, we note that the last IPCC report suppresses major sources of uncer-
tainty. We will come back to this issue in the following sub-section. Furthermore,
the goal of limiting global warming to 2◦C arises from a composite of both systems
and target knowledge: the former refers to the impacts of global warming while the
latter states that those impacts ought to be avoided. Although the relevant systems
knowledge is less certain than the link between emissions and global warming, we
still regard the accumulated evidence as sufficient to continue on that basis. In fact,
the 2◦C target has been further supported in a symposium held in 2004 (European
Climate Forum, 2004). Finally, we find the normative position that aims at avoiding
those impacts to be highly plausible.

For these reasons, to design a first iteration of assessment we restrict our explo-
ration to those paths that are compatible with the 2◦C climate window, noting that
our analysis may adjust to lower or higher targets once more comprehensive knowl-
edge on impacts of global warming are produced in the future. We even comply
with the stricter climate window that also restricts the rate of warming to 0.2◦C per
decade (WBGU, 1997). By observing such a strict climate window we expect to win
over the stakeholders in the climate and environmental communities to the stylised
compromise we attempt to derive.

Bruckner et al. (1999) have argued that on the basis of the precautionary principle
one must simply derive the funnel of emission paths that fall within the climate
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window (as they did), and that analysing the costs of corresponding climate policies
should be a secondary priority. However, commercial use of coal, oil and gas since
the end of the 18th century has tied industrial society so closely to increases in
anthropogenic greenhouse gas emissions, that wealth and carbon dioxide emissions
due to the use of fossil energy have become almost synonymous terms. Therefore,
anyone demanding a reduction of greenhouse gas emissions in the name of the
precautionary principle with regards to the climate system provokes fears about
whether, and how soon, a zero-emissions capitalist economy is possible. This is
exactly the reasoning used by some economists in the past, calling upon an ‘eco-
nomic precautionary principle’ and warning against ‘excessive climate protection’
(Nordhaus and Boyer, 2000).

In order to also win over the stakeholders within the economic community for our
stylised compromise we adopt their main tool of evaluation: cost-benefit analysis
(CBA). Before we make explicit the way in which we comply with their tradition,
and the way in which we deviate, we would like to briefly sketch CBA in its stan-
dard form.

As Fig. 12.1 shows, three information bases are fed into the CBA: a first mod-
ule describes the dynamics of the climate system, a second module represents the
dynamics of the economy and the third module includes instruments such as taxes
and certificates used to achieve control paths. The economy influences the climate
system via emissions, which in turn, through an increase in global mean tempera-
ture, induces damage to the economic system. The aim is now to determine future
emissions in a way that yields an optimum balance between costs of CO2 avoid-
ance and of climate damages. The amount of emission reduction is therefore deter-
mined simultaneously with the policy instruments (taxes, certificates) that should
be applied for achieving the calculated emission target. CBA attempts to integrate
complex knowledge (meaning here: ‘not easy to see through at the negotiation
table’) on climate and, economic dynamics by a method of weighting goods –

Fig. 12.1 Cost-benefit analysis (CBA) as the standard tool within environmental economics that is
supposed to deliver optimal control paths over the coupled economic and climate dynamics
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based on an intergenerational order of preferences, along with ancillary dynamic
conditions – so that a consistent ‘social optimum’ is derived. This optimum, how-
ever, can only be determined with the help of an evaluation function – it is usually
assumed that the utility function of present and future generations can be derived ex-
clusively from per-capita consumption. Thus, standard CBA presumes the predomi-
nant liberal economic paradigm preference order: absolute (monetary) calculability.
This ensures CBA a high degree of compliance with the economic model dynamics
it tries to incorporate, and has eased its access to the political level so far.

When asking about integration of disciplinary paradigms one should note that
CBA accomplishes such integration by a subtle cut in the way it represents the
socio-economic sphere. At the level of aggregation that is required by the problem-
setting, it defines some economic system dynamics that are the emergent, quasi
non-normative behaviours of a system made up from multiple actors, each poten-
tially optimising according to their individual welfare functions. However, by in-
terpreting historical developments on decadal to secular scales, economic growth
theory extracts such an economic deterministic kernel (left ellipse in Fig. 12.1) for
the purposes of CBA. That kernel can then be coupled to further deterministic dy-
namics such as the climate dynamics (right ellipse in Fig. 12.1). The joint systems
dynamics is then treated as a boundary condition for intertemporal optimisation via
control paths (rectangle in Fig. 12.1) according to the economic welfare function.

We follow this standard approach in the sense that we adopt the ‘predominant lib-
eral economic’ welfare function; one that does not respect non-monetary categories
such as moral or aesthetic qualities. That way we maximise support from the present
day economics community. However, in contrast to our analysis, standard CBA does
not utilise the concept of a climate window. Instead, it monetarises global warming
damages and optimises without being restricted by a climate window. We deviate
from standard applications of CBA because of our impression that the necessary sys-
tems knowledge (coupled economic/climate) as to future impacts of global warming
beyond the climate window, is inadequate for such an analysis at present. Also, the
auxiliary assumptions in climate models (in particular for the older, more estab-
lished ones) are generally oriented towards current climatology; we therefore ex-
pect that they, in general, underestimate the potential for abrupt climate changes on
the continental or even global scale (Schellnhuber and Held, 2002) when operated
beyond the climate window. Protagonists applying CBA often use damage functions
based on even smoother input–output relations and hence overestimate the relative
costs of mitigation. By restricting our optimisation to the climate window (‘cost-
effectiveness analysis’) and conservatively (from the point of view of mitigation
sceptics) disregarding warming damage costs, we bypass those conceptual traps.

We involved a further deviation from standard CBA of the climate problem
that refers to the economic systems knowledge: in standard analyses technological
change is modelled ‘exogenously’, i.e. by a fixed rate (typically of 1% per year).
That way, newer technologies (renewable sources) will by definition always lag
behind their well-established counterparts (fossil fuels) in terms of cost-efficiency,
no matter how much one would invest in the former. In our model we cured this
apparent defect by explicitly ‘endogenising’ technological change to be driven by
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Fig. 12.2 Discounted economic costs of climate protection until 2100 for a climate protection path
(CPP) in the model MIND (developed in this project), compared to other macroeconomic models
(such as AIM, MARIA, MiniCAM for emission scenarios A1B, A1T, A1Fl that observe, among
other items, stabilisation levels as indicated; see Edenhofer et al., 2004; Morita et al., 2000). A
stabilisation level of 400 ppm – as against higher levels – allows the system to stay within the
climate window, assuming the most plausible of the uncertain climate system parameters. Our
model suggests drastically lower costs of significant mitigation than other models do, due to the
endogenisation of technological change

investment decisions. First results (Edenhofer et al., 2005a) show that the conclu-
sions of traditional CBA need to be revised quite fundamentally: induced techno-
logical change drastically reduces the costs of climate protection (Fig. 12.2) to a
level that seems acceptable within economic circles. Subsequently, the climate win-
dow requirement can be met by a change in investment strategy. The results of this
first iteration indicate that the often proclaimed trade off between global warming
mitigation and economic welfare is a mere construct of deficient modelling and
that, quite to the contrary, policies are possible that would satisfy both mitigation
protagonists as well as sceptics.

12.4 Towards a Practical and Robust Assessment

In the following we would like to outline why these results must be further sub-
stantiated as well as extended, and which preliminary, although not yet integrated,
results we have obtained along those lines so far.

- While we eliminated a major source of uncertainty in climate systems dynam-
ics by using the climate-window approach, significant further uncertainties were
not tackled in our first iteration. Among those is the sensitivity of the climate
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system to greenhouse gases. Not only do different state-of-the-art climate models
predict diverging warming trends when driven by the identical emission path
(Section 12.2), but any climate model also contains several uncertain tuning
parameters. The effect of the latter was not tackled in the last IPCC report. To
close that gap, several research groups undertook Bayesian learning on climate
sensitivity. Bayesian learning represents a branch of statistics that synthesises a
posterior belief on an uncertain entity out of subjective prior knowledge and new
objective information. Within the paradigm of standard decision theory, the so
derived posterior belief represents an optimised basis for taking rational deci-
sions (Berger, 1985). Climate sensitivity encapsulates most of the uncertainty in
climate predictions that are conditioned on a prescribed path of carbon dioxide
concentration. It is defined as temperature response after increasing the atmo-
spheric content of carbon dioxide from 280–560 ppm. Bayesian learning on cli-
mate sensitivity then resulted in roughly twice as large an upper limit for climate
sensitivity per model (Stainforth et al., 2005) than that stated in the IPCC report
for the whole group of models. This result would be important since it implies
great difficulty assessing climate policies as one can no longer define a ‘safe’
upper limit of emissions. We performed such a Bayesian analysis ourselves, and
included paleoclimate information from the period of the last glacial maximum,
which displays a much better signal-to-noise ratio than the weak warming signal
of the 20th century. Preliminary results (Schneider von Deimling et al., 2006)
show that the range for climate sensitivity published in the last IPCC report can
be re-established, this time on much more objective grounds. Uncertainty about
climate sensitivity could be further reduced if fluctuation properties of the climate
system are also taken into account (Held and Kleinen, 2004).

- On the economic side, in future work major uncertain parameters will be sub-
jected to Bayesian learning, replacing the current best guess values. As a final
goal, stylised decisions on optimal paths under joint climate/economic uncer-
tainty can be derived. In this context, another innovation appeared as neces-
sary: Bayesian methods imply a somewhat automated weighting of potential
futures that we regard as helpful, since a purely subjective assessment of the
‘high-dimensional space of futures’ would be too demanding. However, Bayesian
methods require the inclusion of subjective, prior, expert knowledge on the uncer-
tain entities. As the modelling effort itself constitutes a form of expert knowledge,
we basically consider that drawback as acceptable. Nevertheless, the Bayesian
approach will meet its limitations if an expert has few a priori preferences for
concurring parameter constellations due to a lack of experience. In this case,
the Bayesian method subtly suggests to the analyst, apparently firm information,
which, however, underestimates and plays down (from the point of view of a
pessimist) the probability of generically critical regimes. Modern approaches
to imprecise probabilities (Kriegler and Held, 2005; Held and Schneider von
Deimling, 2006) offer a valuable compromise between the Bayesian approach
and overly conservative, hence mostly non-informative interval methods.

- An Integrated Assessment that aims to take into account the whole portfolio of
avoidance options, including carbon capturing and sequestration (CCS), requires



200 H. Held, O. Edenhofer

taking one more step back. We consider it impossible that any modelling effort
will ever be able to take into account all possible impacts of mitigation measures.
The diverse options should therefore be pre-evaluated by applying qualitative
metacriteria. Environmental chemistry has developed an interesting proposal for
avoiding the problem of a highly complex chain of impacts (Scheringer, 1996):
one proposal for the pre-evaluation of environmental chemicals is to draw upon
their spatial range (which can be measured rather easily) as a metacriterion. The
existing minimal statistical-deterministic knowledge – that is, that substances dif-
fuse at certain rates – is optimally used and transformed into practically relevant
knowledge. First considerations indicate that this concept could constitute an
important building block for a semi-qualitative analysis of CCS options. For a
complementary approach that attempts to delegate risk assessment to the captial
market, see Edenhofer et al. (2005b).

- Regionalisation should be conducted in a way that identifies potential conflicts
of interest and possible compromises between important emitters: main actors
like Europe, China, India, USA, corporations, and NGOs should be included in
semi-qualitative modelling. First attempts to systematically incorporate issues
of distribution and justice systematically into CBA were undertaken by Uzawa
(1995, 2003). In this context it will become necessary to assess whether stan-
dard economic modelling requires fundamental changes in order to maintain
coherence between differing orders of preferences in the optimisation of CBA,
within the optimisation and preference order based economic modules. A main
issue will be to explicate and relate historical and future orders of preference.
Practically, such preference orders will have to be established iteratively because
actors are likely to become aware of their own preferences only in the context of
calculated ‘optima’ with an asserted value.

- Finally, one cannot be content with taking all possible uncertainties into account;
one also has to aim at reducing them, at least in part. Here ‘one’ refers to the
view of one of the actors named above; for example, Europe as represented by
the EU Commission. This reduction can be achieved by granting research funds,
but we would also like to urge that market forces, the most powerful actors in the
current world theatre, be considered in integrated assessment efforts: Edenhofer
et al. (2004) make proposals to transfer parts of the – regionally manageable –
risks onto the beneficiary of a certain energy technology. By so doing, liability
does not remain only with the state, but is shared substantially by the company
that is actually making profits. Market instruments can contribute to taking into
account the public’s desire for environmental safety in manifold ways – maybe in
a more democratic and efficient way than an indispensable environmental agency
alone could ever achieve.

12.5 Implementation

Our project has been defined as an enterprise of analysis rather than implemen-
tation. Moreover, it would be premature to report to what extent our project has
been responsible for the implementation of climate policy, which is in a very early
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state. Nevertheless, environmental diplomats, policy makers and NGOs are very
aware of the fact that the future of the Kyoto process depends on setting up a
reasonable accompanying architecture (‘KyotoPlus’). Members of our project are
involved in these discussions and we can report the kind of debates our project is
already influencing:

- Together with other research institutes like FEEM (Fondazion Eni Enrico Mattei,
Milan), DIW (Deutsches Institut für Wirtschaftsforschung, Berlin) and the Tyn-
dall Centre, Norwich, we have founded the Innovation Modelling Comparison
Project (IMCP). Within this project we launched a modelling inter-comparison
exercise to improve the understanding of how technological change determines
mitigation costs and mitigation strategies in different modelling frameworks. It
turns out that induced technological change reduces mitigation costs substan-
tially (Edenhofer et al., 2006; Giles, 2006). We are now exploring the implica-
tions of these results for a ‘KyotoPlus Architecture’. The German Environmental
Protection Authority and the EU Commission are at present supporting follow-
up projects assessing new ideas for a climate policy regime beyond 2012. The
proposition that, costs of climate protection are overestimated by models without
taking into account technological change has attracted the interest of different
stakeholders, such as the Duma, the CEO of BP, large electricity suppliers in
Germany, NGOs and journalists.

- Members of our project have been involved in high level debates about the reg-
ulatory framework of CCS and about the promotion of renewable energies. In
our project we are now starting an in-depth analysis of climate and energy policy
instruments.

- The research agenda of a major proportion of the climate research community
will reflect an intensifying of attempts to assimilate paleoclimate information, as
we do (PMIP, 2006). This could further substantiate the desirability of avoiding
most risky engineering-type mitigation options (Keith, 2000).

- We promote imprecise probabilities within decision theoretical analyses of the
climate problem; this will result in improved climate policy recommendations,
as the current downplay of extreme events will be replaced by more adequate
representations of uncertainty.

12.6 Recommendations

This chapter sketched our transdisciplinary project on the integrated assessment of
global warming mitigation options. The project began by observing that the debate
about climate policies seemed to be somewhat stuck between opposing views, which
were substantiated by a misleading admixture of normative settings and systems
science arguments, with the latter often implemented below disciplinary standards.
For those reasons the pool of potential climate protection policy paths to which most
opposing views could subscribe was yet to be scanned in an appropriate way. We
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showed that this could be achieved by a series of improvements at the disciplinary
level, combined with some serious disentangling of systems versus normative argu-
ments. After two years, we then identified policy paths with the desired property. At
present, we modify these paths to make them robust under uncertainty and poten-
tial side-effects of mitigation measures. In follow-up projects we will incorporate
a frequently observed demand by stakeholders into our analysis and replace the
one single fictitious global optimiser perspective with that of interdependent actual
global actors. We regard this as a way to address, in a stylised manner, what in-
centive schemes could attract the main emitters to join a KyotoPlus policy regime
observing binding warming mitigation targets.

- One could ask in what sense is our approach transdisciplinary? The answer lies in
the very fact that we develop stylised solutions to the climate problem that have
a fair chance of catalysing political decisions in favor of the very decision paths
we derive. Our impression is that such catalysis is not unlikely for the following
reasons: we integrate paradigms of opposing actors in such a way that any of
those actors views the boundary conditions of the field in which he or she is a
stakeholder (economy or climate) as being represented in a scientifically sound
way. At the beginning of our project, the two authors, in some sense represented
the first iteration of a stakeholder dialogue: one of us was in touch with the – often
implicit – normative background of climate scientists, while the other understood
the normative assumptions underlying standard economic theory and influential
economists. Therefore, within our framework, we have been able to identify
pathways that at least satisfy the minimum requests of those opposing groups
of actors. Our iterative informal stakeholder dialogues ensure and successively
qualify these aspects.

- To what extent could our experiences be transferred to other transdisciplinary
projects? Starting with a theoretically trivial, however practically most demand-
ing item, we addressed a publicly debated science–policy issue whose solution
had been hampered by approaches too much oriented along disciplinary lines –
and from that we distilled one single researchable question to be answered within
three years. We tried to work with the simplest rather than the most advanced
representations of the involved fields whenever possible, e.g. worked with the
most reduced climate model in the first iteration of our analysis.

- At the same time we advanced disciplinary fronts when necessary, such as en-
dogenous economic growth or upper limits of climate sensitivity. For that, a
profound disciplinary background or at least a supportive environment proved
crucial.

- Before bringing the disciplines together the team leaders had to develop a joint
language across disciplines in order to decide which categories and terminologies
would enable the disciplines to interact. A deep understanding of the conceptual
foundations and limitations of the involved disciplines, proved far more crucial
than is usually the case when tackling standard disciplinary research questions.

- Finally, iterative informal stakeholder dialogues provided a key to whether we
adequately represented the preferences of conflicting actors in our analysis and
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whether we in fact made significant statements about decision options – and not
on a too stylised quantity – a decision maker really had at their disposal. An
evocative example of the latter point is that it seems much more influential in the
climate policy debate to formulate our results in terms of investment strategies
rather than desirable emission paths.
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Chapter 13
Policy Analysis and Design in Local Public
Management: A System Dynamics Approach

Markus Schwaninger, Silvia Ulli-Beer and Ruth Kaufmann-Hayoz

Abstract The purpose of this article is to draw lessons for transdisciplinary mod-
elling endeavours in social contexts. The chosen approach is to explore a research
project that was part of the Swiss National Science Foundation’s ‘Swiss Priority
Programme Environment’ (SPPE). The project focused on ecological issues and
was realised in collaboration with local actors from a Swiss municipality. The case
study design is used to analyse methodological issues related to the study of complex
dynamic challenges. For example, for the purpose of policy design and learning,
pertinent examples of the roles of heuristic frameworks and of simulation models are
examined. Another challenge is to involve problem owners in the inquiry process.
Furthermore, the transdisciplinary approach, in order to gain a better understanding,
is addressed. These issues will be illustrated by means of system dynamics mod-
elling and analysis of current challenges in the realm of solid waste management.
Finally, the chapter makes several recommendations to researchers who want to
investigate multifaceted, dynamically complex issues together with practitioners.

Keywords: Policy design · Policy analysis · Recycling management · Model-based
theory-building · System dynamics

13.1 Background

This chapter refers to a research project, which is presented as a case study. The
project originated within the ‘Swiss Priority Programme Environment’ (SPPE) of
the Swiss National Science Foundation (SNSF).

The work we are referring to is called ‘Citizens’ Choice and Public Policy’. In
this research project, the general issue of citizens’ choice is related to the study of
environment related behaviour of citizens and exemplified by a modelling and sim-
ulation study to identify effective public policies. The concrete study object chosen
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was the management of solid waste at the local level. The objective of the study
was to explain the dynamic interaction between public policies and environmentally
relevant behaviour of citizens, and to provide solutions for environmental manage-
ment in communities.

In the following, we will elaborate on the research design of the project under
study. A report of the different phases of the project with an overview of the heuris-
tics and instruments used will ensue. Finally, several lessons for researchers will be
drawn from the analysis of the project.

13.2 Research Design

In view of the purpose of the research project, the main questions to be answered were:

- What are the factors triggering citizens’ environmentally relevant behaviour?
- How can actors be influenced towards an environmentally friendly behaviour

pattern?

To answer these questions, the specific objective was to build and explore a simula-
tion model, which should lead to better decision making.

Given the complexity of the issue under study, the basic orientation of the project
had to be a transdisciplinary one. It was clear from the outset that the knowledge
necessary to accomplish the project reached beyond one single field of study. The
relevant knowledge had to come from different disciplines and included system ex-
perts, i.e. persons who were knowledgeable about the system under study. Also,
several constituents had stakes in the inquiry, i.e. they were affected by or interested
in the inquiry. Therefore, we needed more than a merely multidisciplinary proce-
dure, by which a number of specialists would be consulted: we required mutual
communication that would cross boundaries not only between different disciplines
but also between science and practice.

Transdiciplinary processes of inquiry or design are characterised by one essential
feature: they unite experts from different fields – usually disciplinary – to cooperate,
the interaction being facilitated by a common framework or code enabling effective
communication across different disciplines and perspectives. The common code is,
in principle, a formal language provided by sciences such as system theory, cyber-
netics or mathematics. In our case, the System Dynamics methodology was the core
device for integrating concepts from different disciplines in a simulation model and
analysing the issues.

System Dynamics (SD) is essentially a system theory based methodology for the
modelling and simulation of complex systems, which provides an effective platform
for a transdisciplinary dialogue in policy design and learning. It is a widely used
methodology developed by Prof. Jay Forrester at MIT-Massachusetts Institute of
Technology (Forrester, 1961). SD models are made up of closed feedback loops
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and the systems modelled are simulated as continuous processes; the mathematics
of the models are based on differential equations and integration (Sterman, 2000;
Barlas, 2006). SD is particularly useful for discerning a system’s dynamic patterns
of behaviour, which may be ‘counterintuitive’ (Forrester, 1971).

The research strategy chosen is one of action science. Argyris et al. (1985)
define action science as a research approach that combines the study of practical
problems with research that contributes to theory building and testing. The au-
thors start from two premises. Firstly, it is necessary to understand the world in
order to manage or transform it in a desired direction. Secondly, in order to un-
derstand the world, an attempt should be made to change it. Consequently, the
protagonists of action science advocate issue- or problem orientation and favour
the participation of exponents of different disciplines, and practitioners. Hence,
this kind of research implies a transdisciplinary approach to strengthen the inquiry
process.

Action science aims at improving social and human systems. Many applications
have been documented, including cases where researchers and decision makers
cooperated to address issues of organisational learning (Argyris and Schön, 1996).
As this literature reveals, a crucial concern of action science is the development of
strategies for sustainable change. Efforts to reveal defensive forces that try to main-
tain the status quo play an important role, as does understanding the consequences of
actual and potential interventions, in the light of context dependent action of human
beings.

The research project was composed of two parts:
Part I: A research methodology was developed, and a conceptualisation of

the issues under study – environmentally relevant behaviour of citizens and ef-
fective public policies – was accomplished. The method followed in this part
was essentially a study of literature and the deductive development of a heuristic
framework.

Part II: The development of a dynamic theory. The object of the study was
the interaction between policies and environment related human behaviour. The
management of solid waste was the concrete setting for studying these issues. The
process of theory development was guided by the System Dynamics (SD) method-
ology (Schwaninger and Hamann, 2005). An initial understanding of the system in
question was developed applying the Group Model Building (GMB) methodology
(Vennix, 1996; Andersen and Richardson, 1997). It delineates the model building
procedures involving both researchers and problem owners – people affected by
and experts knowledgeable about the issues under study.

The vehicle for the policy analyses, which was developed, was a differential
equation model for Solid Waste Management (SWM model). The quality of the
model, and the policy analyses realised with the help of that model, were of crucial
importance to reaching the objective of the project.

We expected to gain valuable insights from this research design, enabling the
formulation of a dynamic theory about citizens’ choice and public policy, in the
context of environmental management.
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13.3 Part I: Problem Structuring and Conceptualisation

In the following, we will describe the activities undertaken and the results obtained
during the phases of the project. To begin, the researchers conceptualised a design
for a guiding framework. In parallel, and throughout Part I, a literature review and
three Group Model Building (GMB) workshops were undertaken. These events
brought together researchers, experts in environmental management, and the client
group, i.e. a set of ‘local system experts’ who were knowledgeable representatives
of the system under study. They were familiar with the system, and therefore in a
position to judge the utility of whatever was developed in the project. Workshop
participants were chosen according to two criteria. The first was a willingness to
participate and cooperate in transdisciplinary research dealing with issues of sus-
tainable development at the local level. The second was experience with projects
aimed at promoting sustainable development. The workshops were facilitated by
one of the authors (S. U.) and technical supporters. The objective of the workshop
was the elaboration of a conceptual framework which would orientate further re-
search. The main inputs to that event were the results of a higher level project of
the SPPE, the Integrated Project ‘Strategies and Instruments’ (Full title: ‘Strate-
gies and instruments for sustainable development: Bases and evaluation of applica-
tions, with special regard to the municipality level with nine subprojects’ SNSF no.
5001–48826.

The main outcome of these efforts was a ‘Policy Framework for Solid Waste
Management’ (Fig. 13.1). It focuses on the determinants of environmentally

Fig. 13.1 Policy framework for solid waste management (Ulli-Beer, 2004, 79)
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responsible behaviour: the interaction between contextual constraints and
opportunities on the one hand and personal, motivational and cognitive factors on
the other (Kaufmann-Hayoz, 2006). This framework reflects the main assumptions
underlying the ensuing work of model building and use in Part II.

According this framework, policy makers can alter either the internal or the exter-
nal structure in order to induce changes in behaviour (Kaufmann-Hayoz et al., 2001).
Different types of policies, such as economic interventions, service and infrastruc-
tural measures, as well as budget constraints, can alter the external structure. On the
other hand, communication policies and collaborative agreements can modify the
individual factors. A more comprehensive description of this framework is given by
Kaufmann-Hayoz (2006).

13.4 Part II: Developing a Dynamic Theory

Part II involved developing a dynamic theory. It made use of a specific case study,
the subject of analysis being the management of solid waste in a Swiss community.
The interaction between policies and environment related human behaviour was to
be examined. The core of the process of theory building was the construction of a
System Dynamics model and its use for policy analysis.

This part of the project was designed along the lines of four phases: Model –
Test – Design – Change, and the respective steps. These phases and steps correspond
to Integrative System Methodolgy (ISM), a heuristic methodology developed for
management in complex settings (Schwaninger, 1997). The researchers made use
of ISM as a metamethodology in their project because it allows the combination of
different methodologies and focuses on dealing with complexity. In Table 13.1 the
four phases are translated into the language of the System Dynamics (SD) method-
ology (Richardson and Pugh, 1981; Sterman, 2000).

Table 13.1 Phases and steps of Part II

Phases Tasks/steps Corresponding activities in the SD
modelling process

Model Ascertaining relevant perspectives, the goals and
factors critical for attaining them

Problem recognition

Surfacing issues System conceptualisation
Elaborating models Building model

Test Apprehending the dynamics of the system Exploration and evaluation of
model behaviour

Simulating and exploring scenarios
Interpreting and evaluating simulation outcomes

Design Ascertaining control levers Policy analysis
Designing strategies/action programmes

Change Realising strategies Model use
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The municipality chosen for the action research was Ittigen. This is a community
located in the agglomeration of Berne (Switzerland). It has about 11,000 inhabitants
and is recognised for taking an innovative approach to its environmental poli-
cies. For example, Ittigen participated in the light electro mobiles (LEM) pilot and
demonstration programme and in the Global Action Plan (GAP), an international
environmental initiative. It also was the first municipality in Switzerland to imple-
ment the environmental norm ISO 14001. The authorities of Ittigen were willing to
gain a deeper understanding of factors that determine the environmentally relevant
behaviour of their citizens. They provided abundant information about their munic-
ipality for the investigation. The authors greatly appreciate the commitment and the
support of the authorities of Ittigen in this research project.

13.4.1 Model

As reported above, the modelling phase started with a literature review on envi-
ronmentally relevant behaviour, and environmental policy. In addition, one of the
two ‘gatekeepers’ of the client group, the environmental manager of Ittigen (the
other gatekeeper was the mayor of Ittigen), helped to determine the relevant actors
that should participate in the model building process. Gatekeepers came from the
client organisation and were responsible for the project. They acted as ‘liaison’ be-
tween the model builders and other people involved in the project. An important
role of the gatekeepers was to motivate people in the client organisation, enhanc-
ing their commitment and participation (Vennix, 1996; Andersen and Richardson,
1997).

Three Group Model Building sessions were held in order to map the causal chains
and feedback loops of interest, as observed in the municipality. At that point the
modelling was of a qualitative type, i.e. no quantification took place yet. This kind
of modelling is often called ‘Qualitative System Dynamics’.

Ten experts, representatives of the local government, the local administration
and consulting firms responsible for local management and policies in the realms of
energy, transport, water/waste water, solid waste and consumption were involved.
They shared their mental models about problems of environmental policy making
to elicit patterns of policy resistance and compliance. The objective was to explain
and reach consensus about causes and consequences of environmentally harmful
behaviour of citizens, as well as the factors conducive to favourable behaviour. Al-
though the interactions and processes still remained unclear it became obvious that
policy intervention would influence different variables and subsequently change the
various preconditions.

It was at that point that the ‘Policy Framework’ (Fig. 13.1) developed in Part I,
showed its value in guiding the model building process. The driving forces specified
in the framework (e.g. relative prices, number of recycling streams) could now be
linked with the phenomena observed in the system (e.g. change in the amount of
waste, purity of recyclable material).
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To sum up, the framework enhanced the efficiency of the model construction and
facilitated theory building. It was also crucial to the policy design phase, helping
to widen the problem focus to the extent that preconditions for action choices were
systematically considered.

Early on in the modelling phase, discussions were held with the authorities re-
sponsible for local solid waste management. The focus was on specific aspects of
solid waste management. These discussions helped identify and clarify the main
issues concerning solid waste management in the community, as seen by the authori-
ties. Subsequently, the objectives of the modelling study were further refined. Hence
in the system inquiry, both kinds of environmentally significant behaviour could
be addressed: waste separation behaviour of citizens, i.e. behaviour that directly
causes environmental changes; and solid waste management policies that shape the
context in which citizens’ waste separation behaviour takes place; and their interac-
tion. Reference modes of the crucial variables of the local solid waste management
system were mapped. A reference mode is a set of graphs and descriptive data that
shows the development of the issue or problem under study, over time (Sterman,
2000). Figure 13.2 gives an example of such a reference mode showing both the
past development path and a hypothesis about future developments – of the fraction
of waste separated for recycling and the number of streams of the different recy-
cled materials. As shown, a continued stepwise increase of the number of recycling
streams, could lead to an inefficient logistic (excess capacity), a pattern known as
overshoot behaviour.
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Based on the heuristic framework and the reference modes, a dynamic hypothesis
was stated (see the description in the following box and the causal loop diagram in
Fig. 13.3). To show how the dynamic hypothesis and the reference modes link up, let
us, for example, take the time series of the ‘number of recyling streams’ in Fig. 13.2.
It is then hypothesised, as shown in Fig. 13.3, that these time series are controlled by
the two loops: ‘limiting propensity from time cost’ and ‘deficit limits investment’.

13.5 Problem Description and Dynamic Hypothesis

A dynamic hypothesis is a problem description made transparent by fleshing out
causes and consequences of system behaviour. As a starting point for improvements
the focus is mostly on a diagnosis of dysfunctional behaviour. In a nutshell, the
picture was as follows (see also Fig. 13.3).

Since citizens in the case community were failing to separate various streams of
solid waste for recycling, the local authorities gave price incentives in the form of
a garbage bag charge (implemented in 1991). The intended effect was to promote
the desired separation behaviour. As a consequence the fraction of separated waste
increased and the relative amount of solid waste for burning (variable ‘fraction to
be burned’) decreased. The unintended effect was that not only the relative amount
of waste disposed for burning decreased, but also the revenue generated from the
garbage bag charges (‘revenue from burnable material’) declined. Therefore, the
municipal budget deficit started to grow (via declining ‘profit from solid waste man-
agement’). A further increase in the price for burnable material had almost no effect

Fig. 13.3 Dynamic hypothesis for local solid waste management (Ulli-Beer, 2004, 88)
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on the separation behaviour, since the number of recycling streams remained nearly
constant. The citizens had no real legal option to avoid higher costs for disposing
of burnable material. Another unintended consequence was that the quality of the
separated material decreased as citizens started to put burnable material into the
recycling streams. However, this effect was only occasionally observed and could
not be exactly quantified. The model calibration was substantiated by the data avail-
able for the 1987–2001 time period, which revealed the historical pattern of the
development of budgets and the amount of separated material.

The illustration of this dynamic hypothesis in Fig. 13.3 makes the features of
feedback, delays, closed loops and multiple causes visible.

Feedback is symbolised by the arrows. Arrow polarity between two variables
(say X → Y), which is denoted as ‘+’ means: all else being equal, if X increases
(decreases), then Y increases (decreases) above (below) what it would have been.
Arrow polarity which is denoted as ‘−’ means: all else being equal, if X increases
(decreases), then Y decreases (increases) below (above) what it would have been
(Sterman, 2000). Furthermore, referring to Fig. 13.3, a ‘+’ at the centre of a loop
signifies self-reinforcement (reinforcing loop), while a ‘−’ denotes self-attenuation
(balancing loop). A delay, i.e. a retardation of consequences, is visualised in this
diagram by the bar on the arrow from ‘citizens’ propensity . . .’ to ‘number recycling
streams’.

The next step specified the concrete concept of the model, including its boundary.
Thereupon, one of the authors (S.U.) developed the quantitative SWM model with
the support of experienced modellers. The model building process started with a
simple first order ‘concept model’, which was a crude representation of the dy-
namic hypothesis (Richardson, 2006). The modelling process was not linear but
rather a winding search for the right focus and approach – culminating in a promis-
ing structural representation of the system, which properly described the observed
phenomena. From that point on, the model development process was guided by the
dynamic hypothesis and the sector diagram of the solid waste management sys-
tem. The model was made up of the following sectors: household waste separation,
household decision making and local solid waste management. Sector by sector, the
modules of the SD model were formulated and iteratively tested (Ulli-Beer, 2003).
For the quantitative modelling process the Vensim software was used. Vensim is a
software program and a registered trademark of Ventana System, Inc. Co., Harvard,
Massachusetts.

The hypotheses were developed in conjunction with the gathering, coding and
analysing of data. The resulting dynamic theory, therefore, is grounded in both
theoretical frameworks and empirical data.

13.5.1 Test

In order to ensure the quality, strength and utility of the model for reliable policy
analysis, the validation procedures adopted were a crucial aspect of the testing.



214 M. Schwaninger et al.

Validity, in this context, is the level of confidence one can have in a model. The
quest for proper validation resulted in a number of steps (Forrester and Senge, 1980;
Barlas, 1996; Sterman, 2000). These take into account direct structural tests (reviews
of model structure), indirect structural tests (computer-based tests of model struc-
ture) and behavioural tests (in the sense of behaviour replication, i.e. the fit of data
resulting from the simulation model and the empirical data from the real system).
The boundaries of this chapter would be overstretched, if all of these validation tests
were described. We shall limit ourselves to an overview.

The broad theoretical background and the intensive exchange with experts who
understood the system helped to build a dynamic theory about the mechanics of
the solid waste management systems. Specifically, it helped to build the hypothe-
ses about causal relationships that are captured in the model. Besides knowledge
about the real system, theoretical frameworks also guided the modelling process,
resulting in a model structure that was grounded in the relevant knowledge of
the system. As model building progressed, each new structural module was eval-
uated with respect to the plausibility of its behaviour (reality check): Does it pro-
duce the right behaviour for the right reasons? Is it consistent?, etc. The model
building and testing processes were helped by the reference modes as patterns of
model behaviour could be checked in relation to these modes, during the differ-
ent phases of model construction. By applying the behaviour reproduction test,
flaws in the structure and mathematical functions were discovered and corrected.
The final model showed a good fit with the reference modes. Testing the model
was an iterative process by which an increase in confidence in the model was
achieved in a stepwise manner. Once the basic model structure had been elabo-
rated, different test procedures were conducted in order to fully understand the
dynamics of the system and to test its robustness, consistency and correspon-
dence with real data. In the middle of this phase an expert validation was held,
in the form of a further meeting with the core audience – the knowlegeable rep-
resentatives of the system. Their feedback was quite encouraging since the model
structure, its assumption, its dynamics and the derived insights seemed plausible
to them.

This group pleaded that the audience for the next meeting be expanded to in-
clude representatives from other municipalities as well as state and national agents.
Like quality management, validation is a never ending process. Therefore, such an
expansion would be a beneficial exercise in the next round.

13.5.2 Design

In this phase, two distinct classes of policy questions were addressed (Zagonel
et al., 2004). Firstly, policy analysis experiments addressing ‘What If’ questions
were conducted. A typical question was ‘What might happen if we were to make
such and such policy change?’ With the model as a virtual laboratory, policy ex-
periments were set up that looked back at previous policy initiatives (backcasting)



13 Policy Analysis and Design in Local Public Management 215

or forward to untried future policies (forecasting). Secondly, scenario analysis
experiments were set up addressing questions such as ‘What might happen if some
parameters or variables not under our control were to change dramatically?’ The
behaviour patterns resulting from the different policy experiments, using similar and
different scenarios, were compared and explained. Furthermore, sensitivity analysis
was used to explore the effects of uncertainty in the system. Figure 13.4 shows a
simplified version of the model structure. The diagram is in the original SD notation
with stocks (symbolised by boxes) and flows, which change the stocks (denoted by
the valves). The picture represents a core aspect of the model – the diffusion process
by which people become willing to separate their garbage into different streams
of waste. The policy intervention points for influencing (‘steering’) the diffusion
process are depicted by hexagons.

Detailed results of the different policy and scenario analysis experiments can be
found in Ulli-Beer (2004, 2006) and Ulli-Beer et al. (2007).

During the policy design phase we reverted to a ‘Practical Guide for Facilitating
Environmental Policy Compliance’, which was one of the by-products of the frame-
work building phase (Ulli-Beer, 2006) This was essentially a checklist of possible
measures for facilitating environmentally sound action, which helped us to enrich
the policies indicated on the grounds of the quantitative computer simulations. All in

Fig. 13.4 Condensed diffusion model of people becoming willing to separate and intervention
points for steering the diffusion process (adapted from Ulli-Beer, 2004, 120)
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all, the policy programmes were designed so that not only the obvious problems
were addressed. Rather, the approach aimed at strengthening the preconditions for
desirable environment related behaviour of citizens and to overcome policy resis-
tance in the system, i.e. increase policy compliance.

13.5.3 Change

In line with action science, this project has been executed together with two groups
of collaborators. Firstly, those interest groups that would be most affected if there
was a change in the environmental policies applied in the community under study.
Secondly, the involvement of those decision makers who would be most effective
in changing structures and rules in order to improve the situation. The task of the
system inquiry was to understand how real world behaviour emerges out of real
world structure. Understanding the crucial processes that explain undesirable pat-
terns are important preconditions for influencing actors’ motivation and knowledge
and for implementing the most promising policy measures. Hence, the commitment
of these collaborators was crucial for the acceptance of the policy recommendations
and ultimately for the success of the project.

However, it had not been planned that the project include the implementation of
the policy measures being developed. So where is the change?

The intended immediate change was not directly observable, i.e. a change of the
collaborators’ mental models due to a better understanding of the problem structure.

Furthermore, the logic of the System Dynamics methodology suggests a paradig-
matic change. As the modelling and design progresses, the mindsets of the partic-
ipants will change. At some point, instead of thinking in terms of simple cause
and effect schemes, they will change to a more sophisticated rationale – thinking
in feedback loops. They will assimilate a new understanding of the environmental
issues, learn to look at the system from a feedback perspective, focusing on closed
loops, delays and multiple causalities. This is seen as an important step towards a
new management approach aimed at enforcing desirable developmental trends and
avoiding undesirable ones.

Although this paradigmatic change is hard to substantiate we could observe some
delayed change in the community indicating the probability that the mental model
of the collaborators evolved. The mayor of Ittigen reported that an educational
programme about municipal solid waste and recycling management was started at
the local primary schools. Although we do not know definitely if this initiative is
a direct consequence of our study, it directly reflects one of the main findings of
the project: economic instruments are not sufficient to yield an efficient and robust
policy outcome; further educational and service interventions are indicated.

However, in order to enhance the transformation of knowledge into action in
other communities, further modelling workshops could have been rolled out. That
way, the usefulness and adequacy of the developed model and theory could be
further tested and extended. The action science approach would call for such a
continuation.
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13.6 Recommendations

The objective of this article was to draw lessons for transdisciplinary modelling
endeavors in social contexts, based on an in-depth study of a complex process of
inquiry. The case was profoundly characterised by an involvement of ‘problem own-
ers’ and other stakeholders into the research process.

The described approach resulted in a dynamic theory that explains observed
behaviour patterns of a local solid waste management system and provides policy
recommendations for its improvement. Model interfaces and policy experiments can
also be used, in the future, as a scientifically grounded decision support system that
informs the debate on policy design in solid waste management.

Having reviewed the phases of the whole project, a puzzling phenomenon
emerges, which can be coded in one polarity, the polarity between plurality and
unity. It leads to questions of the following kind:

- ‘How could a coherent body of knowledge come about under these circum-
stances?’

- ‘How could inputs from different stakeholders with distinct disciplinary back-
grounds and interests result in a consistent model?’

- ‘How could a process of change in a dynamic social context be induced?’

The key to these questions is transdisciplinarity. The different views of all the peo-
ple involved were integrated and condensed using the SD model. Such a model is
essentially a language based on system theory. It allows for variables originating
from different domains, e.g. economic, social, ecological and technological, to be
connected to form a consistent picture. The system theory language was the key
to transdisciplinarity. Initially, it was owned by the facilitators. As the dialogue be-
tween the different constituencies of the project evolved, the systemic thinking and
the command of the new language spread among participants, enabling genuinely
transdisciplinary conversations. To conclude, without such a transdisciplinary ap-
proach, it would not have been possible to develop a model such as the one outlined
here or induce a policy learning process.

We would like to conclude with a set of recommendations for researchers who
want to explore and investigate multifaceted, dynamically complex issues together
with stakeholders. We underline that this is pragmatic advice rather than scientific
teaching. Here are seven points, which appear to be very important.

According to these assumptions, the flow of human action is regarded as part
of the continuous interaction – through the processes of perception of action – be-
tween the internal structure of the actor (personal factors and processes) and the
external structure (contextual factors and processes with cultural, socio-economic,
institutional, and physical aspects). The external factors offer options but they also
constrain human behaviour. They are the result of a multistage decision making
process in the political/administrative, technological and economic domains. As far
as they are perceived by actors, they influence actors’ actions, but actors can also
change the external structures through their actions.
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Design the project for a transdisciplinary inquiry. The traditional disciplinary
and even multidisciplinary approaches are in principle insufficient for adequately
dealing with complex issues. Therefore, a transdisciplinary setting for the inquiry
must be created. The interaction between the holders of different kinds of expertise
must be facilitated, and it should rely on a common, integrative language.

Use frameworks to manage the relevant body of knowledge. Identifying relevant
knowledge, e.g. helpful disciplinary concepts, is an iterative research process. In
this process, scientifically grounded frameworks can serve as heuristic devices of
great importance. They help to integrate different disciplinary perspectives and to
organise blocks of insights, as well as to structure the issue in a transdisciplinary
mode. Most notably, they are apt to trigger a systematic process of modelling and
learning.

Apply a unifying perspective when structuring the issues under study. The sys-
tems view is a powerful conceptual approach to complex projects such as the one
reported here. In this case, it proved most helpful in determining the field of in-
vestigation and then in integrating the different perspectives. It was also crucial for
the exploration of relationships between the different system components, i.e. the
essential factors that had to be represented in the model. For example, the ‘Pol-
icy Framework for Solid Waste Management’, is an essentially systemic model. It
visualises the basic controlling loop between actors and their context. Equally, the
SD methodology of modelling and simulation embodies a systems theory, which
enables unifying distinct perspectives in one and the same model.

Choose a proper methodology for dealing with dynamically complex issues. A
diagnosis, a system design and its implementation can only be as good as the un-
derlying methodology. The Integrative Systems Methodology applied in this case
offers a reference methodology that allows for combining complementary research
approaches with a focus on dealing with complexity. Group Model Building and the
qualitative System Dynamics approach proved to be useful for the development of
an insightful dynamic theory on recycling dynamics. The quantitative model build-
ing process helped identify and integrate useful disciplinary concepts and findings
so that the dynamic theory could be consolidated and a useful decision support tool
could be developed. Another significant result was that microprocesses that explain
macrobehaviour could be modelled and analysed.

Customise the policy mix. A model such as the one developed here gives evidence
that the interaction and impact of different policies are situation-dependent, i.e. they
vary with the contextual and personal factors of the concrete behavioural setting.
When sensitive policy parameters of the system are identified, knowledge of the
mode of functioning of different policy instruments is extremely important so that
the most effective policy package will be chosen. Adequate policy making tools
such as a System Dynamics model can allow the policy mix to be customised close
to an optimum.

Master the crux of policy implementation and policy resistance. The represen-
tation of both internal (personal) variables and external contextual variables in the
decision rules of the model provides a broader basis for policy analysis. For local
authorities, it opens up richer options for intervention and implementation. This is
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fundamental for coping with complexity, in the sense of Ashby’s Law of Requisite
Variety (Ashby, 1956). Furthermore, focusing on the interplay between contextual
and personal influences is crucial in order to understand the phenomenon of policy
resistance. In addition, it points out important system requirements vital to achieving
high policy compliance. There may be a lot of ‘sand’ in the ‘mechanism’; however,
in order to be effective, it is important to understand the dominant processes guiding
policy compliance.

Effective system change requires a participative research design. One must add
that the set of participants in the process of inquiry should include different stake-
holders, and that these should be included throughout all research phases. The col-
loquial term ‘audience’ is often used for the participants who are not researchers
or moderators. Figure 13.5 suggests one template of a research design that sys-
tematically includes practitioners in the inquiry process. It is built on the ISM
and SD modelling phases and is inspired by Beer’s methodology of topological
maps and scientific modelling (Beer, 1984). Also, the modelling steps and Group
Model Building scripts offer crucial stimuli for improved learning in complex de-
cision making situations. Finally, the perceptions of participants should be moni-
tored carefully so that the interventions can be improved and collective learning be
achieved.

Fig. 13.5 Template of a transdisciplinary approach to modelling and policy learning (Ulli-Beer
et al., 2006b)
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Chapter 14
Constructing Regional Development Strategies:
A Case Study Approach for Integrated Planning
and Synthesis

Alexander I. Walter, Arnim Wiek and Roland W. Scholz

Abstract This article presents a transdisciplinary research approach illustrated by a
casestudy on sustainable regionaldevelopment in theSwisscantonAppenzellAusser-
rhoden (AR). The canton is a typical central European rural landscape, struggling with
problems of structural change and migration. Different industry sectors (timber, dairy
farming and textile production), as well as different aspects of regional development
(land use, mobility, landscape protection and tourism) were analysed in a two year
transdisciplinary research project. Its goal was to generate cross-sectoral long-term
development strategies based on different scenarios for future land use. The study
shows that current development strategies will not lead to a desirable future state.
There are several desirable developments, but clear political decisions are necessary
for targeting a specific scenario.

The project was jointly led by a professor of ETH Zurich and the governing chair-
man of AR. The study involved numerous officials and inhabitants of AR, as well
as scientists and advanced students from different research institutes (Scholz, 2002;
Scholz et al., 2003). The study combined teaching, research and application.

The case study is presented as an example of the Transdisciplinary Integrated
Planning and Synthesis (TIPS) approach (Scholz et al., 2006). TIPS is an approach to
embed a formal, scientifically based, integrated planning approach into a real world
setting, allowing for mutual learning among scientists and practitioners. It starts from
a faceting of the case, then uses system analysis and scenario construction for the
problem investigation procedure. In the problem transformation (or ‘implementa-
tion’) phase, the preferences of the stakeholders are evaluated through multi-criteria
procedures and area development negotiation. The results from the different facets are
integrated, and cross-sectoral development strategies for the case are formulated.

The chapter gives an overview of the organisation, methodology and epistemology
of theTIPSapproach.The following threesectionsdescribe the transdisciplinary TIPS
approach: problem identification, problem investigation and problem transformation.
Each step of the TIPS approach is explained and illustrated by examples from the
case study. Special emphasis is put on the integrated project architecture and on the
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linkage between problem investigation and problem transformation, these being the
main challenges from a transdisciplinary point of view. The last section draws some
conclusions on the applicability of the TIPS approach and presents recommendations
for similar projects.

Keywords: Mutual learning · Integrated project architecture · Methodology ·
Multi-criteria assessment · System analysis

14.1 Background

The TIPS approach presented in this paper strives for a planning process suitable
to initiate and foster sustainable development (Ravetz, 2000). The approach can be
applied from urban and rural cases to business cases, all dealing with complex,
ill-defined problems concerning human–environment interactions. It combines a
scientific analysis of the problem with an extensive transdisciplinary process of
knowledge integration, mutual learning and joint research. It relies on an elabo-
rated ontology, epistemology, methodology, and project management (Scholz and
Tietje, 2002; Scholz et al., 2006). From a broader perspective, the TIPS approach
contributes to the emerging field of ‘Sustainability Science’ (Clark and Dickson,
2003; Bammer, 2005).

Since 1994, ETH has conducted one large-scale transdisciplinary case study each
year. The TIPS approach has also been applied in other universities internationally
(Scholz et al., 2006; Steiner and Posch, 2006). The result of TIPS is the formulation
of development strategies based on a common system understanding, a spectrum
of possible future developments, transparent preference structures and shared future
visions of all key agents. TIPS is expected to lead to societally robust decisions
as opposed to ‘top–down’ planning approaches, because it explicitly combines and
integrates developments of the different sectors and layers of the system (Meppem
and Gill, 1998).

At ETH, the TIPS approach is used in different projects, including project-based
teaching applications. It has proven to be an efficient instrument to teach gradu-
ate students the art of complex problem-solving. Direct contact with a case greatly
enhances a student’s learning experience and motivation. Nevertheless, case study
learning is a demanding task, especially in a transdisciplinary context, since the
goals of teachers, stakeholders, and students have to be balanced (Stauffacher et al.,
2006).

14.1.1 The Societal Context: Regional Development
in Appenzell Ausserrhoden (AR)

With an area of 24,000 hectares, AR is one of the four smallest cantons in
Switzerland. A Swiss canton has its own constitution, law-making, and government,
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and corresponds to a state. AR lies in the north-eastern part of Switzerland. It is a
sub-alpine area with the altitude ranging from 400 m (shore of the Lake Constance)
to 2,500 m above sea level (peak of the Säntis mountain). In 1999, AR had a popu-
lation of 53,800 inhabitants. Land use was 56% agriculture, 33% forestry, and 11%
settlements and unproductive area. About 8% of the employees worked in the first
sector. AR consists of 20 municipalities structured into three administrative parts.
The Mittelland is located close to St. Gallen, the Hinterland is the most remote part
of the canton and the Vorderland faces the Bodensee and the Rhine valley. Only the
capital Herisau has a semi-urban structure. AR is an example of a complex rural
area located in the immediate vicinity of an urban sub-centre (St. Gallen), and at
the remote periphery of a major urban centre (Zurich). These rural areas are distant
from inter-regional traffic infrastructure and major centres and have to cope with a
decrease in population, labor opportunities, and wealth.

The canton suffers from structural economic problems caused by changes in the
local economy. There has been some early industrial development in the canton,
especially in the textile sector. In the 18th century, AR had one of the highest
proportions of industrial workers in Switzerland. But there has been a constant,
high fluctuation in economic performance and, consequently, in the number of
inhabitants. Today, the urban sub-centre of St. Gallen plays a major economic
role, which has a positive impact on the number of inhabitants, especially in the
municipalities close to it. There is an ongoing loss of inhabitants in the other
municipalities.

14.1.2 The Scientific Context: Transdisciplinary Integrated
Planning and Synthesis (TIPS)

The TIPS approach is based on a strong understanding of transdisciplinarity, which
goes beyond classical interdisciplinary or participatory approaches. In our under-
standing, transdisciplinarity is based on a sociocultural–constructivist paradigm
(Stauffacher et al., 2006), which emphasises that individuals and organisations ac-
tively construct knowledge in a specific social setting (Resnick, 1987), according to
existing knowledge and experiences. This understanding of science differs strongly
from a positivist and rationalist perspective. We follow the position that science
can no longer prefabricate solutions to upcoming complex problems, but must set
‘aside the idealised context of science in order to produce practically relevant knowl-
edge’ (Pohl, 2005). This leads to the insight that mutual learning between science
and society (Thompson-Klein et al., 2001) and between stakeholders (Meppem and
Gill, 1998) is necessary to produce relevant knowledge. The most advanced learning
paradigm which respects these insights is the sociocultural-constructivist paradigm,
the core idea of which was developed by Berger and Luckmann (1966), claiming
that ‘reality is socially constructed’. This has some important consequences if sci-
ence tries to tackle real world problems in multi-actor contexts:
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- The situational context becomes important: knowledge of concrete real world
problems has to be produced in exactly the same or comparable contexts in order
to be meaningful. This is a strong argument for a case based approach. It also
implies that transdisciplinary research becomes a goal oriented process rather
than a knowledge production process per se.

- The active involvement of the concerned individuals and institutions (stakehold-
ers) is important. Only by letting them participate in the knowledge production
process is it possible to include their specific expertise, and view of the problem,
in the process. In the TIPS approach, stakeholders are co-leaders of the case
studies, contributing to it with financial and human resources, and sharing the
responsibility for the results of the study. In this way they can develop a sense of
‘problem ownership’, which is crucial for their motivation.

- Interaction between the participants plays a crucial role: one of the major goals
of such a process has to be to develop a shared view of the situation, the problem,
and the utility of possible solutions/developments of the case: ‘construction of
meaning is tied to specific contexts and purposes. People develop shared ways of
responding to patterns and features in particular contexts.’ (Wilson and Myers,
2000). The TIPS approach is designed to support this interaction process.

- An important differentiation has to be made regarding the role of scientists in
transdisciplinary research. In order to meet scientific standards, there have to be
two kinds of scientists involved in transdisciplinary projects: disciplinary experts,
who are responsible for contributing their disciplinary knowledge and methodol-
ogy, and transdisciplinary scientists, whose expertise lies in methods of knowl-
edge integration. The latter are responsible for the overall research design, the
embedding of the project into the real world context, and the successful integra-
tion of disciplinary and real world knowledge through a scientific methodology.
At the same time, their research focuses on evaluating and improving these meth-
ods (Bammer, 2005; Tress et al., 2005).

Starting from these insights, we derive the following principles for transdisciplinary
research on complex human–environment problems. Firstly, transdisciplinary re-
search is the scientific treatment of a real world problem. Therefore the major
challenge is the ‘embedding’ of the research design into the real world context.
Secondly, integration of knowledge from different actors is crucial for the success
of transdisciplinary research. Insights from science have to be combined with values
and knowledge from society in a mutual learning process to ensure validity, objec-
tivity and reliability of the results on the one hand, as well as utility, applicability
and relevance on the other.

In order to meet the stated requirements, the TIPS approach is comprised of an
epistemology, an organisational structure and a detailed methodology. The organ-
isational structure and the methodology provide the framework for the knowledge
integration process, while the epistemic model allows for a de-composition and re-
composition of the problem in an analytic process. This also defines the interface
between scientific and societal spheres (Scholz et al., 2006).
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Figure 14.1 illustrates the epistemic model with the case of AR: on the one hand,
the systemic sphere of the case is embedded into the normative sphere of the pref-
erence structures of the stakeholders. This embedding has to be taken into account
in the research design. On the other hand, in the systemic sphere, the case can be
described on different cognitive levels. The level of ‘understanding’ is the most
encompassing. This is where the case study starts and ends. During the process of
problem investigation, the case is conceptualised and analysed with disciplinary sci-
entific methods, reducing the complexity of the case but increasing the concreteness
(Scholz et al., 2006). The achieved results have to be integrated up to the level of
understanding, in order to be of value for the stakeholders. A successful implemen-
tation process largely depends upon this synthesis process.

Regarding the project methodology and organisation, transdisciplinary projects
usually differentiate between three phases: problem identification and structur-
ing, problem investigation and problem transformation (or ‘implementation’, see
Abstract). The project architecture of the TIPS approach is further elaborated, but
these three phases can be distinguished as the basic framework (Table 14.1). Special

Fig. 14.1 The epistemic model of the TIPS approach (Scholz et al., 2006, p. 234)
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Table 14.1 The different steps of the TIPS approach

General project
framework of
transdisciplinary projects

Related steps in the TIPS
approach

Knowledge types mainly
involved in the specific step

Problem identification and
problem structuring

Case definition Target knowledge
Case faceting System knowledge

Problem investigation System analysis System knowledge
Scenario construction System knowledge

Implementation (referred Area development negotiations Target knowledge
to as problem transfor- Facet integration System knowledge
mation in this chapter) Development strategies Target knowledge

Transformation knowledge

attention is paid to the integration of different types of knowledge. System
knowledge, target knowledge, and transformation knowledge are required to support
sustainability transitions (Hirsch Hadorn et al., 2006; Chapter 1). Therefore, each
step of the TIPS methodological framework uses specific methods to integrate these
different types of knowledge with appropriate methods (Fig. 14.2).

To ensure that the different planning steps of TIPS lead to a meaningful result,
a sound methodology, which relies on a functional perspective, is necessary (Wiek
et al., 2006). In order to ensure that TIPS meets the expectations of scientists and
stakeholders alike, and that the whole complex process is orientated towards the
goals of the study, we rely on a backward planning approach in structuring the

Fig. 14.2 The TIPS methodology as applied in the AR case study (Scholz et al., 2006, p. 238)
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process. All steps and procedures are functionally defined in relation to the goal
of deriving operational strategies for the case (Holmberg and Robèrt, 2000; Scholz
and Tietje, 2002). This aids in keeping the process aligned to the goals of the
study.

Figure 14.2 illustrates the TIPS methodological framework. Starting with the
intended goals and products of the study, each methodical step is defined in the
planning phase according to the functional, formal and content related requirements
of its successor. During the operational phase, the steps are completed in the other
direction. As shown in Fig. 14.2, the case is first divided into a number of separate
thematic facets. The following steps are undertaken for each one of the facets. After
a systems analysis of the case facet, scenarios are constructed. The scenarios are
assessed in two different multi-criteria assessment procedures, combining an expert
and a layperson based approach. After that, the results and models of the different
facets are reintegrated to subsequently derive development strategies for the case as
a whole. The following sections give a more detailed insight into this process.

14.1.3 The Institutional Context: Organisation
of the Transdisciplinary Case Study

As the case study is organised as a transdisciplinary process, actors and institutions
from the case are involved in establishing, leading, and conducting the case study.
Transdisciplinary research has to rely on a multitude of interfaces between science
and society to enable mutual learning processes and facilitate knowledge integra-
tion. Therefore, the TIPS approach comprises a complex organisational structure
in order to bring together adequate representatives of society and science. The or-
ganisation of the case study reflects the position of the case study between science
and society (Fig. 14.3). For each board on the science side there is a corresponding
group on the case side, and vice versa. All responsibilities, rights and obligations of
the groups have to be agreed upon in the preparation phase of the case study.

In the AR study, the two co-leaders from ETH and the canton presided over the
steering group consisting of representatives of the scientific disciplines involved in
the case (scientific committee) as well as representatives of the canton. The makeup
of this group was determined during case faceting process. The case working group,
which is a subgroup of the steering group, consisted of the governing chairman
of the canton, the director of the cantonal business development, the secretary for
agriculture and forestry, the director of the environmental protection agency, the
regional secretary, private planning agencies, the cantonal planning agency, farm-
ers and local politicians. The case working group met roughly every four weeks,
while the steering group came together only roughly every two to three months. The
operative leaders of the case study were the case study office (TdLab, ETH) and
the Pivot (AR). The Pivot is a person that has to liaise between the scientists and
the stakeholders. The scientific work takes place in project groups, of which there
are as many as there are case facets. The project groups are counterbalanced on
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Fig. 14.3 The organisational structure of the second year of the AR case study (Scholz et al., 2006,
p. 243)

the case side with so called reference groups, i.e. committees of stakeholders, who
are involved in the analysis of the case facets. The reference group meets regularly
(every three weeks) with its corresponding project group to discuss the results and
subsequent steps of the work. In terms of numbers, the different categories of agents
involved in each project year are listed in Table 14.2.

One of the transdisciplinary requirements of the TIPS approach is the joint fund-
ing of the projects (materials and personnel). The canton agreed to bear a substantial
proportion of the costs of the case study (ca. 30%), while the rest was funded from
the university teaching and research budget. The canton also agreed to supply the

Table 14.2 The agents involved in the Appenzell Ausserrhoden case study

Case study 01:
Landscape
development

Case study 02:
Economic
development

Students 38 36
Tutors 14 7
Headship 3 3
Administration 2 2
Steering Board 12 11
Reference Groups 30 40
Experts 11 30
Reviewers 24 29
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case study with the necessary data and expertise. These agreements were held down
in a contract between ETH and the canton.

14.2 Problem Identification and Problem Structuring

As explained before, the TIPS approach deals with this phase in two steps. The
next two sub-sections will deal in detail with the phases of case definition and case
faceting.

14.2.1 Case Definition

A case has to be selected from the viewpoint of science, which aims at deriving
generally valid insights from a number of representative cases (Yin, 1984). At the
same time, the case also has to be relevant from a societal perspective (Scholz and
Tietje, 2002). Therefore, a case represents a general problem, but in a specific and
unique shape. The question of the transferability of the results has to be part of the
scientific research.

At the beginning, there is no ‘case’ and no interrelation between practitioners
and scientists. Most often, an informal contact initiates a ‘case’. Based on this, the
next step in establishing a transdisciplinary research project is to determine whether
transdisciplinarity is the appropriate method. Ill-defined problems (Scholz and Ti-
etje, 2002), which touch upon societal norms and values but which are still at least
partly treatable with scientific methods, are predestined for a transdisciplinary ap-
proach.

At this stage it is important that the rights and obligations of scientists and stake-
holders are clarified. Both sides have to profit in some way from the project, other-
wise collaboration will not occur in a goal oriented way. The kinds of ‘products’,
which the case study will produce, has to be agreed upon. The result of this phase
is a ‘willingness to cooperate’ between the stakeholders and the scientists, which
should be formally recorded in letters of intent from both sides. It has to include a
first definition of the problem to be worked upon. It is important, in this first phase,
that all relevant decision makers are included in the process, to foster a development
of problem ownership.

Subsequently, the main thematic areas of the case have to be identified, in or-
der to prestructure and allow for the scientific handling of the case. Departing
from the issue formulated in the letters of intent, important aspects of the prob-
lem are analysed applying problem structuring methods (Mingers and Rosenhead,
2004) to form a ‘problem landscape’. The main direction of the case study is set
in this step, which should not be subject to change in later stages of the pro-
cess. Based on the problem structuring, the goals of the study should be identified
and agreed upon. This procedure also leads to a clearer perception of the prob-
lem itself and forms a first common knowledge base of the problem that is sup-
ported by all stakeholders. The result of this phase is a first draft of the guiding
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question, which defines the issue and goal of the case study in a clear and gen-
erally understandable way. The guiding question connects a complex, real world
problem to a societal goal system and can be seen as the basis for transdisciplinary
cooperation.

In the case of AR, the team from ETH was looking for a case to use for its
yearly transdisciplinary case study, while the canton of AR was struggling with
the typical problems of peri-urban and rural regions: decrease of population and
workplaces, level of service and quality of life. ETH had preselected a number of
regions in Switzerland as being suitable for a case concerning sustainable regional
development, and AR was one of them. In several meetings between the government
of AR and ETH, a cooperation contract as well as a general project outline were
defined. Both sides agreed that the TIPS approach would serve their needs. The
canton agreed to take over the co-leadership and to co-finance the study. The village
of Urnäsch was selected as a focal case area due to its representativeness for the
Hinterland of AR and for other Swiss regions in a similar situation. There is no clear
methodological procedure for this process, because the form of cooperation between
the project partners is too informal to allow for structured methods. The operative
procedure is most similar to ‘setting the scene’ in consensus building approaches
(Susskind, 1999).

Two guiding questions were formulated during intensive problem structuring
processes. For the first case study year, the guiding question was: ‘How can the
landscape of the canton Appenzell Ausserrhoden be preserved or improved in its
ecological quality, while at the same time increasing the economic added value?
For the second year, the guiding question was: What are the prerequisites for the
regional economy in Appenzell Ausserrhoden in order to operate in a sustainable
way and in harmony with the environment and the socio-economic needs?

Based on these questions, the goal of the case study was defined: to provide
strategic orientations for the future development of the canton regarding the issues
addressed in the case study. In the following preparatory phase, a cluster of theses
and small explorative projects prepared the case study. Relevant sources of data were
identified or newly acquired, e.g. through material flux analysis or psychological
surveys. To model the influence of external factors on the canton, special context
scenarios were constructed through a formative scenario analysis. They served as a
joint reference point for all working groups.

14.2.2 Case Faceting

In order to treat the problem in question in a scientific way, the case and its guiding
question have to be scientifically framed in addition to being agreed upon by the
stakeholders. The case has to be embedded into a theoretical model of the situation,
which draws from existing (and mostly disciplinary) scientific knowledge. There-
fore, in cooperation with the stakeholders, the scientists create a general model of
the problem situation, which allows for the application of relevant fields and their
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theories. This structure is then translated into different facets. These facets are used
to divide the case on a conceptual level. The different facets have to be designed in a
way that makes them scientifically treatable, but still allows for later synthesis of the
results. It is important to plan the re-integration of these facets at the time of creating
them. Moreover, there are always dependencies among the facets, which have to be
carefully considered throughout the process by a cross-sectoral integration group.
The goal of the faceting is the formulation of a rough research concept, which is
written by both scientists and practitioners.

In the AR case, using a functional approach to landscape and regional research,
a facet model was developed on the basis of the guiding questions. This facet model
(for the first year) differentiated the three facets ‘Settlements’, ‘Nature and land-
scape’ and ‘Leisure and tourism’ as main aspects of the case according to the guid-
ing question. The cross-sectoral integration group as a fourth group had the task of
accompanying the process and ensuring an orientation towards the final integration
of the results. The actual methodical procedure of re-integration was also a task of
the cross-sectoral integration group (Wiek and Walter, submitted).

By following this procedure, at the beginning of the main project phase, the ori-
entation of the project is already defined. A guiding question for the whole project
exists as well as a facet model, dividing the subject area into interconnected facets,
each of which is analysed by one facet group. A case area has been selected which
is considered representative for the region and also offers the structural and organ-
isational possibilities for conducting a case- study. Most importantly, a research
concept clearly sets out the methods to be used and how these methods feed into
each other to create a final result.

In the AR case study, it was decided to conduct a system analysis of the prob-
lem situation, to identify the most important impact factors. The identified impact
variables were then used to extrapolate the current state into the future, with the
help of a scenario construction method. The resulting scenarios were then to be
rated by the stakeholders as well as by the scientists to deliver results in the form of
preference structures for different developments of the case. This methodology was
to be conducted in each facet group. In the end, the results were integrated between
the different groups, to form the base of a strategy derivation process for the whole
canton (Fig. 14.1).

14.3 Problem Investigation

During the problem investigation phase, knowledge of the case is gathered from
scientists and stakeholders and integrated into a general system model, which is
based on the guiding question and on the facets. In the TIPS approach, a system
analysis is used, based on soft operations research methods. The resulting system
model is used to construct scenarios, which describe the possible future states the
case could develop into. These scenarios are then assessed in a multi-attributive
evaluation process, which already forms a part of the problem transformation phase
(Section 14.5).
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14.3.1 System Analysis

The goal of this step is to come to a representation of the problem situation via a
system model (Checkland, 1999). The system model integrates the heterogeneous
knowledge of the stakeholders into one abstract representation of the case. In trans-
disciplinary workshops with stakeholders, the main impact variables of the model
are identified and described, using moderation techniques and problem structuring
methods. These workshops are moderated by transdisciplinary scientists. In a sec-
ond step, the relations between these impact variables are classified in an impact
matrix, leading to a system model of the case. This process is organised in parallel
groups, in order to estimate the validity of the representation and to identify areas
which have to be discussed in detail. The system model is constructed according to
the principles of sufficiency and adequacy (Scholz and Tietje, 2002). The goal is to
construct a functional system model, which serves as a basis for the construction of
case scenarios in the next steps and represents the case well enough to draw neces-
sary conclusions from it. Moreover, the system modelling is an important learning
process for the stakeholders, which results in a shared representation of the jointly
constructed case situation. This constructive aspect greatly enhances the learning
process (Stauffacher et al., 2006).

In a second step, the system model is analysed, applying software to identify
classes of variables and important feedback loops. The results are discussed with
representatives from the case, in order to test the results for validity and achieve
new insights into the case. This process leads to a new conceptualisation of the case:
important but so far neglected feedback loops and interrelations are integrated into
the stakeholders’ and scientists’ cognitive representation of the case. The functional
result of this step is a set of impact variables that can be used for the construction of
case scenarios.

The system analyses for the AR case study were separately conducted by each
facet group including students and a reference group. In the second project year,
focusing on regional economy, this step encompassed analyses of the historical in-
dustrial development, agent networks, production chains, creation of added value,
and economic, social, and environmental performance indicators of exemplary com-
panies. Based on the data gathered, relevant system variables were derived and
selected. Finally, these variables and the evaluated data were integrated into a semi-
quantitative system model of the specific regional business sector.

14.3.2 Scenario Construction

Based on the system models, future scenarios of the case are constructed in each
facet group (Scholz and Tietje, 2002; Scholz et al., 2006; Wiek et al., 2006). In an
initial workshop, possible future developments of each impact variable are iden-
tified. In a second workshop, the possible future developments are combined and
rated according to their pair-wise consistency, i.e. the possibility of being realised
simultaneously.
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The identified possible developments of the impact variables and their corre-
sponding consistencies are then combined, again with the help of software (Tietje,
2005), to form all possible case scenarios. This process leads to a great number
of case scenarios, which are then ordered by their total consistency, derived from
the pair-wise consistency values. The highly consistent case scenarios are then
compared with intuitive case scenarios, which were developed by the stakeholders
beforehand, on the basis of the system analysis. The results are fed back into the
transdisciplinary process. For the assessment step, the case scenarios are visualised
in order to give the assessing groups (which are also stakeholders) an adequate basis
for their cognitive approach.

In the second year of the AR case study, based on the system model, four to
six scenarios were constructed for each industry, which described possible future
states of the entire sector and its companies. For instance, the five scenarios for the
timber industry were: (i) ‘Business as usual’, (ii) ‘Active marketing’, (iii) ‘Large
firms’, (iv) ‘Special products’, and (v) ‘Timber cooperation’ (Table 14.3). Because
these scenarios strongly depend on developments of external factors, their robust-
ness under previously constructed context scenarios was additionally estimated.

14.4 Problem Transformation

The problem investigation phase has already generated a number of products, which
are built on a transdisciplinary knowledge base and constructed on a basis of scien-
tific methods combined with the stakeholder’s expertise. One part of the require-
ments for transdisciplinary processes, the mutual learning process between science
and society, has therefore been fulfilled. Because of this process, the stakeholders
already have an understanding of the situation and possible future developments.
The classical implementation step, which starts with the communication of the study
results to the stakeholders, is therefore replaced by a new process, which we refer
to as problem transformation.

To actually start a problem transformation process based on the newly acquired
knowledge, two things are necessary (Bammer, 2005): firstly, the knowledge gener-
ated needs to be linked to the values and preferences of the stakeholders. Otherwise,
no prioritisation of actions is possible, and the result of the project will be a long list
of desirable measures, without any implementation plan. This is why in the TIPS
approach, the next step of the project architecture (Fig. 14.2) is a multi-attributive
assessment of the scenarios, both by stakeholders and by scientists. Secondly, the re-
sults generated need to be synthesised to a level that is understandable by stakehold-
ers and decision makers (Fig. 14.1). The language and framing has to be changed
from a scientific perspective to fit into the specific setting of the case. The facets
defined in the case faceting step have to be re-integrated again (Fig. 14.2). Also,
disciplinary fragmentation has to be overcome to deliver a full picture to societal
decision makers, who are not used to thinking in terms of scientific disciplines. Oth-
erwise, only incoherent results will be produced, which are not usable in decision
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support. Only after this process has taken place, can the decision makers together
with the scientists work on actual decision alternatives, i.e. concrete measures or
strategies (transformation knowledge, Table 14.1). This procedure also avoids an
early lock-in on specific action plans.

14.4.1 Area Development Negotiations

The method of area development negotiations (ADN) was developed by Scholz
et al., 1996 to combine a participatory process of land use planning with knowledge
from psychological decision research on negotiation and bargaining (Bazerman and
Neale, 1993; Pruitt and Carnevale, 1993). It can be considered an ‘analytic variant
of mediation’ (Loukopoulos and Scholz, 2004). Loukopoulos and Scholz (2004)
describe the procedure in detail. The goal of ADN is to reach a consensus among
stakeholders, but in a systematic and transparent fashion. Decisions are made only
after the diversity of values, interests and knowledge bases of the stakeholders has
been mapped out. In a TIPS case study, ADN can rely on the cooperation that
already has been initiated and consolidated in the preceding phases of the project
and is therefore relatively easy to implement (Scholz and Stauffacher, 2007). The
function of ADN in this context is to map out the hidden preference structures of
the stakeholders and compare their analytical and intuitive judgments.

In order to assess the scenarios developed during the problem investigation phase
on a common basis, a set of criteria is developed by the facet groups, based on
the concept of sustainable development, defining different sustainability domains.
Different aspects of these domains are deduced, translated into criteria and oper-
ationalised by indicators, leading to one hierarchical goal system of sustainability
indicators. This process is coordinated closely between the different facet groups. To
define the relative importance of the criteria, weightings are assigned according to
the preferences of the agents. The combination of the interests, preference structures
and utility functions of the stakeholders into a goal system can again be considered
a integration process (Wiek and Walter submitted).

In two separate assessment processes the case scenarios are evaluated by the
stakeholders as well as by the scientists in a so called ‘exploration parcours’
(Loukopoulos and Scholz, 2004). The stakeholders rate the case scenarios intuitively
as well as on the basis of the aforementioned indicators, while the scientists make a
data-based assessment of the indicators. This process represents a synthesis process
and leads to an improved case understanding. From a functional perspective, the
ratings of the case scenarios can be used to identify the most desirable scenarios for
the final synthesis and the subsequent strategy development.

In AR, six ADNs were conducted in total, one for each facet group. To bring
the scenarios into a form that can be easily compared and rated by non-experts,
the facet groups prepared visualisations of the scenarios for the exploration par-
cours, in the form of posters and audiovisual presentations. Each participant of
the ADN (about 120 in total) spent about 120 minutes on the parcours. First,
he was welcomed by one of the members of the facet groups, who presented
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him with the visualised scenarios in random order. After a break, the participants
rated the scenarios intuitively on a scale of 1–100. In a second step, the par-
ticipants rated the scenarios for each sustainability indicator, also on a scale of
1–100. Finally, the participants weighed the sustainability indicators. In this way, an
extensive quantitative data set is obtained, which allows comparing different stake-
holder groups as well as differences between intuitive and indicator-based rank-
ings. Additionally, the results can be compared to a scientific assessment, which
is based on an expert rating of the sustainability indicator scores. The results of
the exploration parcours served as a basis for discussion between the stakeholders,
mapping out their differences in values and interests in a very clear and objec-
tive way.

The facet group concerned with textile industry came to the results shown in
Fig. 14.4 and Fig. 14.5. In Fig. 14.4 it can be seen that the intuitive, indicator based
and scientific assessments of the scenario ‘Minimal cooperation’ are very different.
In this way, misperceptions of the stakeholders can be disclosed. Also, the scenario
‘Full integration’ was rated very low in the intuitive process, while it scored high in
the indicator based assessment. This is a typical result of an exploration parcours.
Feeding this result back to the stakeholders forces them to deal with their own cog-
nitive dissonance and misperception, initiating very strong learning processes. In
Fig. 14.5 it can be seen that the different groups of stakeholders rate the scenario
‘Full integration’ very differently, while the scenario ‘Sharing of resources’ ranks
very high with all groups. This data provides important information, about which
possibilities of consensus exist, and aids in the following negotiation and imple-
mentation process.

Fig. 14.4 Results of the preference evaluation during the area development negotiations in AR
(Scholz et al., 2003, p. 99, translated by the authors)
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Fig. 14.5 Results of the preference evaluation during the area development negotiations in AR
(Scholz et al., 2003, p. 96, translated by the authors)

14.4.2 Facet Integration

The regional development case study in AR was the first TIPS case study with a
full integration of the results (Wiek and Walter, submitted). The final step of the
methodology consisted of the derivation of strategies for cantonal development, as
agreed upon in the guiding question. In order to reach that goal, the results of the
three different facet groups had to be integrated into one model of the entire case
area. Furthermore, these results had to be extrapolated to the whole canton from the
smaller case area. This final synthesis was taken out by the cross-sectoral integration
group, relying on the results produced by the three facet groups. A great deal of
coordination and standardisation was necessary to achieve the data quality that is
needed for a final integration, a task that could only be accomplished through an
accompaniment of the process and not as an ex-post synthesis. Therefore, the cross-
sectoral integration group was constituted at the very beginning of the study and had
the task of ensuring a working synthesis process of the results.

The standardisation took place at a formal level as well as at the content level.
Parameters of formal standardisation were the level of detail of the results, the ter-
minology used, the consistent use of the methodology and the form of the results of
the different steps. The form of the results was clearly defined to avoid the typical
situation of an ex-post synthesis where the acquired results are on the same subject,
but different in their formal nature, so that an extensive translation process is needed
to make them comparable. Regarding the content, the results had to be standardised
if the facet groups worked simultaneously on the same subject, e.g. the assessment
criteria: all facet groups used the same set of assessment criteria and therefore devel-
oped this set jointly. Other areas of coordination included the design and controlling
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of the timetables of the individual facet groups as well as the research design of
specific sub-projects, which could benefit from the coordinated actions of the facet
groups.

To increase the reliability of the results, the final synthesis was done in two
parallel work flows, relying on intuitive and formative methods, respectively. The
results of the sub-groups were combined in several sub-steps to form bundles
of case scenarios, which were consistent, extrapolatable to the whole canton and
desirable.

14.4.3 Development Strategies

After the described steps the integration groups disposed of 24 case scenario bun-
dles, each of which had an external robustness value, an extrapolation value and a
desirability value. As expected in a process of this complexity, no specific bundle
turned out to be an ‘overall winner’. After clustering the 24 bundles according to
similarity criteria, representative bundles for each cluster were selected. The goal of
this selection process was to select a variety of diverse bundles, in order to include
all possible development paths. The selection process was not simply criteria driven,
but included considerations about the applicability of the different selection criteria:
a bundle that had a very low extrapolation value could be a part of a more spatially
diverse development strategy for the whole canton. Additionally, special synergies
between case scenarios, which were not included in the internal consistency analy-
sis, could increase this value (Wiek and Walter, submitted).

The selected bundles were then worked out in detail, using the mathematical
description as a basis for a ‘thick’ description of the possible future state. This step
again relied on the input of the stakeholders. Following a general framework, strate-
gies were described to reach these scenarios. The framework consisted of different
important aspects of strategy derivation, based on a functional view of development.
It comprised the main function of the landscape; possible actuators of the develop-
ment; specific roles that had to be taken on by key actors in order to push forward
the development; necessary decisions; the identity of the city region in this strat-
egy; as well as a general description illustrating the strategy for laypersons. These
strategies were finally presented and discussed with a wider audience. So far, they
have led to several scientific follow-up projects with accompanying implementation
of parts of these strategies (Scholz and Stauffacher, 2007; Binder et al., 2004) as
well as to important political decisions about the future of tourism in the case area:
a positive decision for a familiy holiday resort was made with clear reference to
the case study results. An evaluation of the social impact of the case studies on
AR further clarifies how strong the impacts of the TIPS methodology were and
which mechanisms produced this impact (Walter et al., 2007). In earlier evaluation
studies it could be demonstrated that a high diversity of the participants together
with an intensive process of knowledge integration is an important success factor
for multi-actor, complex decision- making processes (Walter and Scholz, 2007).
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14.5 Recommendations

The TIPS approach is best suited for problems that could otherwise not be treated by
scientific research, because they are too complex and inherit too many uncertainties
and diverging interests (Lawrence and Desprès, 2004; Pohl, 2005). This applies to
transdisciplinary research in general as well as to the TIPS approach.

Due to its synthesis module, the TIPS approach is especially suited for situations
in which the problem is not easily addressed by traditional organisational or eco-
nomic structures, such as economic sectors, branches of industry or policy areas. It
is also suitable for situations with multiple stakeholders with different interests and
perspectives on the problem.

The TIPS approach is a tool for producing long-term strategic orientations in
development questions. It is not suited for tightly defined problem situations, e.g.
the choice between two different measures of road pricing. Also, in problem areas
of high political activity and therefore highly controversial discussion it is difficult
to bring together all the involved stakeholders. This is a general problem of trans-
disciplinary research and should be subject of further investigation.

We strongly recommend that transdisciplinary projects be based on a clearly
structured project architecture, to ensure that the complex real world problem stays
in the focus of the project. The strength of the TIPS approach lies in (i) treating
the case from an integrated perspective, (ii) through clearly defined project stages,
and (iii) while integrating the knowledge and values of stakeholders throughout the
process.

When applying the TIPS approach, the overarching project architecture and the
embedding into the societal context are the two crucial success factors regarding the
transdisciplinary interaction between scientists and stakeholders.

The process of embedding has to be carefully planned and flexible enough to
handle unforeseen developments, such as a fundamental change of objectives by the
stakeholders. Stakeholders should be included in the process as early as possible.
Scientists have to be aware that their opinion is just one among many. Negotiation
between scientists and stakeholders requires a great deal of mediation skill, which
probably could also be made available through an external mediator.

An important role for the transdisciplinary interface is also that of the Pivot. This
person is an expert of the case, living or working in the area, but with as few official
institutional memberships as possible. On the other hand, he or she should be an
excellent networker and connect the key players of the case to the scientific team
and vice versa. Recently retired key players of the case are ideal for this position.

When negotiating, it is wise to be demanding of the stakeholders, keeping in
mind what they get from the research project. Transdisciplinary research is coop-
erative; it is not a consultancy process. The interests of the scientists have to be
respected as well, e.g. the acquisition of data, the write-up of research papers, and
full access to important information.

It is important that the organisational structure of the study is fixed before starting
with the subject matter. Likewise, the project architecture and the guiding ques-
tion have to be agreed upon in writing (through letters of agreement) before the
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beginning of the actual research process. It is very difficult and time-consuming to
change these fundamental structures during the case study process, and can lead
to an abortion of the project. After the project has gone through the basic steps
and reached specific strategies, the discussion on organisation and methodology can
once again be opened up. Independent from that, the subject matter can be discussed
controversially through the whole process.

When dealing with the design of the guiding question, it is important to abstract
from the daily routine and decision structures of the involved stakeholders. By ex-
panding the planning horizon towards long-term, strategic planning, fundamental
constraints that are in effect today can be overcome more easily. Otherwise, the
stakeholders can become lost in detail and are unlikely to reach a consensus on the
guiding question.

During the process of problem solving, it is important for the scientist to always
consciously differentiate between descriptive and normative knowledge. One of the
main tasks of the scientific team is to keep a minimum scientific standard for the
process, data and products throughout the whole process. This has to be defended
against the interests of the stakeholders, who are often more interested in a quick
solution than an exact one. Therefore, minimum quality standards should be agreed
upon from the beginning.
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Chapter 15
Evaluating Landscape Governance: A Tool
for Legal-Ecological Assessments

Marianne Penker and Hans Karl Wytrzens

Abstract If, and to what extent, landscapes can be governed by legal and social
norms was the guiding question of a transdisciplinary research project funded by
the Austrian Cultural Landscape Programme. The project involved three research
organisations and several partners in public administration, politics and business. In
a common effort, they developed a new methodological tool for the evaluation of
legal effects on landscape development. The legal-ecological assessment draws on
the basic assumption that legal regulations cannot impact on the ecological sphere
directly, but can only intend to influence human behaviour.

Deliberately or not, human activities shape landscapes and impact on their aes-
thetic, recreational and ecological functions. The sociology of law and anthropology
of law are scientific disciplines that are dedicated to the analysis of the interdepen-
dencies between law and society. Interestingly, the relationship between law and
landscape has not yet attracted major scientific attention. Nevertheless, numerous
legal regulations are not only supposed to control the social system, but in the
case of environmental law, they are also intended to influence ecosystems, bio-
diversity, or landscape development. The extent to which law can help to govern
landscape development is examined in the remainder of this chapter, using the agri-
cultural landscape and the associated socio-economic and ecological processes as an
example.

The tool for systematic impact assessments is based on a framework of cru-
cial determinants that describe legal effects on human behaviour and landscape
development and on procedures to assess the extent of legally induced landscape
effects. The assessment tool has been applied for different types of regulations
in three Austrian case studies. The empirical research indicates varying gaps be-
tween the intended and actual landscape effects, which might be explained by
different determinants, such as the actual knowledge and acceptance of norms
by the land users or frequency and average severity of controls and actual
penalties.
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Based on the theoretical and empirical insights into the mechanisms of how
law impacts on landscape, an ‘outlook’ section reflects on opportunities for more
effective landscape governance in the future. In the context of this project, the
transdisciplinary approach proved a successful procedure, which was based on the
personal dedication of all people involved inside and outside academia and their
willingness to contribute to integrative intellectual dialogs.

Keywords: Law · Implementation · Landscape · Evaluation · Effective governance

15.1 Background

The transdisciplinary research project ‘Law and its Impact on Cultural Landscapes’
analysed the interrelationship of law on landscape development in order to under-
stand more about the mechanisms of landscape governance by law (Wytrzens et al.,
2001). It involved experts in sociology, political sciences, environmental and in-
ternational law, agricultural economics and landscape planning (affiliated with the
‘University of Vienna’, ‘The Interdisciplinary Centre for Comparative Research in
the Social Sciences’ or the ‘University of Natural Resources and Applied Life Sci-
ences Vienna’) and numerous representatives from administration, legislation and
agriculture. The project was carried out between 1997 and 1999 and financed by the
Austrian Federal Ministry of Education, Science and Culture within the Austrian
research programme ‘Cultural Landscapes’.

For centuries, cultural landscapes have been shaped by agricultural land use,
and thus by the management decisions of farmers in local rural communities. To-
day’s society, however, tries to govern landscape development centrally. Countless
environmental regulations, contracts with landholders, agri-environmental schemes,
and nature reserves are only some examples of how society tries to prevent unin-
tended landscape change and thereby intentionally intervenes in landscape

Fig. 15.1 Landscape governance (adapted from Wytrzens et al., 2001)
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development. Because of this, there is a need for general knowledge about the
interrelation between law and landscape development, the mechanisms and out-
comes of landscape governance.

To meet this need, the team followed a deductive (top–down) approach (Fig. 15.1).
The (legal) socio-economic analysis examines the impact of law on the individual
or collective activities of land users and distinguishes between the normative level
(as reflected in the legal text) and the actual impact of law on social life (compliance
with law and administrative execution). How the land users’ actions influence the
landscape is part of the second step of analysis: the landscape-ecological investi-
gation. Only the integration of legal-sociological and landscape-ecological results
promises information about the legal impact on landscape and can provide insight
into the governance of landscape development.

15.2 The Concept of Legal-Ecological Assessments

‘Legal-ecological assessments’ draw on scientific concepts and theories from the
sociology of law (Opp, 1973; Rehbinder, 1995; Rottleuthner, 1987), legal anthro-
pology (Benda-Beckmann, 1995; Benda-Beckmann, 2001), and landscape ecology
(Bastian and Schreiber, 1999; Naveh and Lieberman, 1994). In the empirical inves-
tigation, this interdisciplinary background is combined with the lay knowledge and
expertise of those who are actually affected by legal institutions, in our case, farmers
and those in charge of implementing agri-environmental and landscape law.

A literature review revealed factors that might determine the impact of law on
society and the landscape. The complex of determinants illustrated in Table 15.1
differentiates between (legal) socio-economic and landscape ecological impacts.
The (legal) socio-economic determinants define the application of (e.g. probability
of sanctions), and compliance with the law (e.g. understanding of regulations, ac-
ceptance of the goals driving laws), while landscape ecological determinants define
the environmental impacts (e.g. on the type and size of material and energy flows)
of behaviour that has been induced through legislation. These determinants form a
set of hypotheses, which on the one hand, provide a reference point for the empirical
surveys. On the other hand, the empirically tested set of determinants might serve
as an evaluation structure for assessments of other laws.

The success of a particular regulation might well be fundamentally determined
through the way in which its text and meaning are presented, for example through
clear and understandable language or through unambiguous and consistent objec-
tives. However, its practical impacts are only brought about through the intermediary
activities of those individuals who are responsible for implementing legislation (as
representatives of the public administration), or those who are the targets of this
legislation and can transform laws into concrete activities with relevance for the
landscape. The motives and activities of these individuals were surveyed empirically
in case studies. The results might shed some light on those factors determining why
some laws are successfully implemented and others not.



248 M. Penker, H.K. Wytrzens

T
ab

le
15

.1
D

et
er

m
in

an
ts

re
pr

es
en

ti
ng

th
e

im
pa

ct
s

of
le

gi
sl

at
io

n
on

fa
rm

er
s

an
d

th
e

la
nd

sc
ap

e
(a

da
pt

ed
fr

om
W

yt
rz

en
s

et
al

.,
20

01
)

D
et

.c
la

ss
D

et
er

m
in

an
tg

ro
up

D
et

er
m

in
an

t
O

pe
ra

ti
on

al
is

at
io

n
(i

nd
ic

at
or

s)

D
et

er
m

in
an

ts
at

th
e

no
rm

at
iv

e
le

ve
l

Im
pa

ct
di

m
en

si
on

Fu
nc

ti
on

al
N

um
be

r
an

d
re

le
va

nc
e

of
m

an
ag

em
en

t
m

ea
su

re
s

su
bj

ec
tt

o
le

gi
sl

at
io

n
Pe

rs
on

al
N

um
be

r
an

d
re

le
va

nc
e

of
af

fe
ct

ed
gr

ou
ps

of
fa

rm
er

s
Te

m
po

ra
l

D
ur

at
io

n
of

ob
li

ga
ti

on
s

Sp
at

ia
l

Si
ze

an
d

ag
ri

cu
lt

ur
al

re
le

va
nc

e
of

th
e

la
nd

ar
ea

su
bj

ec
tt

o
le

ga
lo

bl
ig

at
io

ns
W

ill
in

gn
es

s
to

im
pl

em
en

t
In

te
nd

ed
ad

m
in

is
tr

at
iv

e
in

pu
t

R
es

ou
rc

es
al

lo
ca

te
d

fo
r

en
fo

rc
in

g
th

e
re

gu
la

ti
on

C
on

tr
ol

an
d

m
on

it
or

in
g

C
on

tr
ol

an
d

m
on

it
or

in
g

m
ea

su
re

s
de

fin
ed

in
th

e
le

gi
sl

at
iv

e
te

xt
it

se
lf

D
efi

ni
ti

on
of

cl
ea

r
ob

je
ct

iv
es

Se
tt

ar
ge

ts
(c

le
ar

ne
ss

,l
im

it
s,

in
di

ca
to

rs
)

D
et

er
m

in
an

ts
of

C
om

pl
ia

nc
e

Su
bj

ec
tiv

e
m

ot
iv

at
io

ns
L

eg
al

kn
ow

le
dg

e
ac

tu
al

L
eg

al
aw

ar
en

es
s

(f
ar

m
er

’s
ac

ce
pt

an
ce

of
th

e
so

ci
o-

ec
on

om
ic

ob
je

ct
iv

es
an

d
in

st
ru

m
en

ts
us

ed
to

ac
hi

ev
e

im
pa

ct
s

th
em

)
L

eg
al

et
ho

s
(i

de
nt

ifi
ca

ti
on

w
it

h
th

e
pr

in
ci

pl
es

of
th

e
le

ga
ls

ys
te

m
)

E
co

no
m

ic
m

ot
iv

at
io

ns
Su

bj
ec

tiv
e

ex
pe

ct
at

io
ns

re
ga

rd
in

g
th

e
pr

os
an

d
co

ns
of

po
li

cy
-d

ri
ve

n
be

ha
vi

ou
r

(i
nc

re
as

ed
ex

pe
nd

it
ur

e,
lo

w
er

yi
el

ds
,r

ed
uc

ed
li

ke
li

ho
od

of
pe

na
lt

ie
s,

in
ce

nt
iv

es
,l

ow
er

ta
x

le
ve

ls
)



15 Evaluating Landscape Governance 249

T
ab

le
15

.1
(C

on
ti

nu
ed

)

D
et

.c
la

ss
D

et
er

m
in

an
tg

ro
up

D
et

er
m

in
an

t
O

pe
ra

ti
on

al
is

at
io

n
(i

nd
ic

at
or

s)

Te
ch

ni
ca

lm
ot

iv
at

io
ns

E
as

e
of

in
te

gr
at

io
n

w
it

hi
n

ex
is

ti
ng

ag
ri

cu
lt

ur
al

ac
tiv

it
ie

s,
te

ch
ni

ca
le

qu
ip

m
en

t,
re

qu
ir

ed
kn

ow
le

dg
e

an
d

sk
il

ls
E

nf
or

ce
m

en
t

O
rg

an
is

at
io

na
ls

tr
uc

tu
re

an
d

re
so

ur
ce

s
A

ve
ra

ge
du

ra
ti

on
of

ad
m

in
is

tr
at

iv
e

fil
es

Fi
na

nc
ia

la
nd

hu
m

an
re

so
ur

ce
s

A
dm

in
is

tr
at

iv
e

cu
st

om
s

N
um

be
r

of
ad

m
in

is
tr

at
iv

e
fil

es
Pe

na
lt

ie
s:

fr
eq

ue
nc

y
an

d
av

er
ag

e
se

ve
ri

ty
Fr

eq
ue

nc
y

of
co

nt
ro

l
D

et
er

m
in

an
ts

of
ac

tu
al

Ty
pe

an
d

ex
te

nt
of

M
at

er
ia

la
nd

en
er

gy
Q

ua
nt

it
y

of
en

te
rp

ri
se

in
pu

ts
us

ed
la

nd
sc

ap
e-

ec
ol

og
ic

al
in

flu
en

ce
on

flo
w

s
of

th
ro

ug
hp

ut
E

nv
ir

on
m

en
ta

lh
ar

m
fu

ln
es

s
of

en
te

rp
ri

se
im

pa
ct

s
m

at
er

ia
ls

an
d

en
er

gy
in

pu
ts

us
ed

R
ev

er
si

bi
li

ty
T

he
ch

an
ce

s
of

re
-e

st
ab

li
sh

in
g

or
ig

in
al

co
nd

it
io

ns
(d

ur
at

io
n

an
d

co
st

s
of

th
e

re
qu

ir
ed

pr
oc

es
s)

Ty
pe

an
d

ex
te

nt
of

in
flu

en
ce

on
sp

at
ia

la
nd

st
ru

ct
ur

al
as

pe
ct

s

In
te

rv
en

ti
on

af
fe

ct
in

g
th

e
di

st
ri

bu
ti

on
of

di
ff

er
en

t
la

nd
us

es

C
ha

ng
es

in
th

e
re

la
tiv

e
ar

ea
s

oc
cu

pi
ed

by
di

ff
er

en
tl

an
d

us
es

as
a

re
su

lt
of

be
ha

vi
ou

r
in

du
ce

d
by

le
gi

sl
at

io
n



250 M. Penker, H.K. Wytrzens

T
ab

le
15

.1
(C

on
ti

nu
ed

)

D
et

.c
la

ss
D

et
er

m
in

an
tg

ro
up

D
et

er
m

in
an

t
O

pe
ra

ti
on

al
is

at
io

n
(i

nd
ic

at
or

s)

In
te

rv
en

ti
on

af
fe

ct
in

g
ha

bi
ta

td
iv

er
si

ty
C

ha
ng

es
in

di
ve

rs
it

y
(n

um
be

r
of

di
ff

er
en

t
ha

bi
ta

ts
an

d
re

la
tiv

e
ar

ea
s

oc
cu

pi
ed

by
ea

ch
)

as
a

re
su

lt
of

be
ha

vi
ou

r
in

du
ce

d
by

le
gi

sl
at

io
n

In
te

rv
en

ti
on

af
fe

ct
in

g
bi

ot
op

e
ne

tw
or

ks
C

ha
ng

es
in

th
e

ra
ti

o
be

tw
ee

n
ed

ge
le

ng
th

s
an

d
to

ta
la

re
a

as
a

re
su

lt
of

be
ha

vi
ou

r
in

du
ce

d
by

le
gi

sl
at

io
n

(n
um

be
r

of
la

nd
sc

ap
e

el
em

en
ts

)
R

ev
er

si
bi

li
ty

T
he

ch
an

ce
s

of
re

-e
st

ab
li

sh
in

g
or

ig
in

al
co

nd
it

io
ns

(d
ur

at
io

n
an

d
co

st
s

of
th

e
re

qu
ir

ed
pr

oc
es

s)
R

ob
us

tn
es

s
of

th
e

af
fe

ct
ed

pa
rt

of
th

e
la

nd
sc

ap
e

R
ob

us
tn

es
s

sp
ec

ifi
c

to
la

nd
sc

ap
e

ty
pe

(d
ep

en
de

nt
on

so
il

pr
op

er
ti

es
,c

li
m

at
e,

hy
dr

ol
og

y,
ge

om
or

ph
ol

og
y)

E
nd

an
ge

re
d

st
at

us
of

th
e

af
fe

ct
ed

pa
rt

of
th

e
la

nd
sc

ap
e

E
nd

an
ge

re
d

st
at

us
of

th
e

la
nd

sc
ap

e
el

em
en

ts
af

fe
ct

ed
by

th
e

m
an

ag
em

en
tm

ea
su

re
(e

.g
.

pr
op

or
ti

on
of

re
d

li
st

sp
ec

ie
s)



15 Evaluating Landscape Governance 251

If we look at those targeted and affected by the legislation, the farmers, then we
see that there are various key factors determining whether standards are actually
implemented in practice. If the farmer is to be able to behave in the way intended
by legislators, then he or she must first be aware of the regulations in question. Ac-
cording to Opp (1973), the ‘level of knowledge’ about a regulation can be measured
as a person’s ability to classify behaviour into that which is allowed by law, and that
which is forbidden by law. This ability should also be based on an understanding,
which is itself based on the original law (as a direct or indirect source of informa-
tion). The survey captured the legal knowledge of farmers by recording their basic
awareness of individual regulations and their understanding of the particular con-
tents of regulations, the likely sanctions for illegal activities and procedural issues.

An understanding of the law alone is insufficient guarantee for compliant be-
haviour. The perception of the law is also of key importance, i.e. whether the law
is perceived as useful and effective or not. If the farmer identifies with the objec-
tives of the regulation, and with the suitability and appropriateness of the measures
used to bring about the intended effect, then it can be assumed that this farmer will
be more likely to be willing to act in a way that complies with this regulation. In
this context, Rottleuthner (1987) talks of ‘internalised objectives’, which means that
the land user shares the legislators’ objectives. Conformist behaviour can therefore
mean the simultaneous achievement of personal goals, which has obvious positive
implications for compliance. This perception of the law is a measure of the degree to
which the land user identifies with the relevant regulations, and was recorded in the
research as the extent of the subjectively perceived usefulness and appropriateness
of selected regulations.

If a legal system is effective, then it is necessary to ensure that regulations are
also followed when individuals do not consider them worthwhile. The willingness
of those people to observe a particular law or to identify with the legal framework
and guiding principles of the political system, despite whatever criticisms they may
have, can be described as their legal ethics (Rehbinder, 1995). The legal ethics of the
individual farmer can only be indirectly operationalised as the degree of inconve-
nience (the ‘ethical sacrifice’) the farmer is willing to suffer by obeying a regulation
which he or she opposes in principle.

We can also take an economic approach that focuses on the costs and benefits
(or disadvantages and advantages) incurred by the individual. Becker (1968) was
one of the first scholars to regard economic motivators as critical in determining
compliance with a regulation. Compliant behaviour generally means some kind of
economic benefit or cost, since it is rare to find any changes to production behaviour
that have been induced by legislation and have no impact on economic success.
Compliance with a regulation can be associated with some benefit, such as a sub-
sidy, premium or tax break. Avoiding the risk of those sanctions that might follow
non-compliant behaviour can also be considered an indirect benefit. However, com-
pliance with some regulations may also involve extra expenses in terms of farm
inputs, labour or additional taxes. From an economic point of view, it seems reason-
able to assume that legal regulations will be followed when the associated benefits
of compliance outweigh the associated costs. If the extra expense is higher than
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the expected benefits, then we can expect farmers to try and get round the regula-
tions; they may well act in a manner quite opposite to that which the regulations
were intended to induce. Executive bodies are just as important as the targets of
legislation in determining the successful implementation of some regulations. An
appropriate and efficient administrative organisation with sufficient financial and
human resources is a prerequisite for the successful implementation of a regulation.
The type, extent, reversibility or persistence of landscape changes are examples of
landscape ecological determinants that describe the landscape impacts of those ac-
tivities induced through legislation.

15.3 Problem Structuring

The above outline indicates the complexity of the research task. The governance of
landscape development is so multifaceted that the knowledge of one single disci-
pline is insufficient and cannot provide an appropriate explanation. Therefore, the
project team integrated scientists from various disciplinary backgrounds: three ex-
perts in environmental and international law, two in politics and sociology, one in
agricultural economy and one in landscape planning. The challenge for scientific
cooperation was to find a common understanding and language and the flexible
handling of disciplinary boundaries. We decided on an eclectic handling of con-
cepts and methods from law, sociology of law, legal anthropology, law and eco-
nomics, agricultural economics and landscape ecology. The project rested on the
broad involvement of numerous experts in public administration (Federal Ministry
of Agriculture, Forestry, and Water Management, Federal Ministry of Environment,
Federal Ministry of Finance, experts in agriculture and nature conservation from the
nine provincial governments, street-level bureaucrats on the district level in Upper
Austria) and practical land management (farmers in Upper Austria, representatives
of farmers’ unions in the nine provinces, NGOs engaged in conservation issues).
Their expert knowledge was indispensable for understanding the complex interrela-
tions between law, land use activities and the resulting landscape impacts.

Figure 15.2 gives the basic structure of the empirical surveys. The figure clarifies
the key issues and the design of the case studies. The case studies address the actual
impacts of legislation on management decisions and thus on the managed landscape
thereby focusing on ‘how’ legislation has an influence. At the same time, cross-case
conclusions provide information on ‘why’ aspects, i.e. they provide insights into the
determinants underlying the impacts of legislation on farmers and the landscape and
help to test the literature-based set of determinants.

In order to answer the two pronged question at the core of this research, the
case studies draw on the theoretical complex of determinants (Table 15.1) and on
two conceptual impact models describing socio-economic and landscape ecological
processes (Wytrzens et al., 2001). The complex of determinants forms a set of hy-
potheses, and therefore provides a reference point for the empirical surveys in the
context of the ‘why’ issue and the factors determining the impacts of legislation.
Research into the ‘how’, dealing with the influences of legislation, is based on the
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Fig. 15.2 Research design for the case studies (adapted from Wytrzens et al., 2001)

models that address the legal impacts on farmers and the impacts on the landscape
of changes in agricultural activity as brought about by legislation.

The theoretical framework of determinants provided a directional framework for
the empirical surveys, clarified the theory-based intentions underlying the research
approach and yet still gave the researchers enough flexibility to examine other as-
pects of legal impacts not yet formally accounted for.

The case study was designed so that surveys were carried out at three different
levels: the legal level, the administration level and the farm level. A ‘legal analysis’
using the full range of methods applied in traditional legal text interpretation pro-
vided insights into the outcomes intended by legislators. This analysis was based
solely on the evaluation and interpretation of legal texts and their accompanying
documentation. The ‘administrative’ and ‘farm’ analysis then looked at the actual
socio-economic impacts brought about by the regulations. Both analyses were pri-
marily based on the results of guided interviews.

15.4 Investigation

The empirical analysis focused on agri-environmental regulations and their impact
on agricultural landscapes. The rather confusing, disparate and extensive range of
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Austrian agri-environmental laws and regulations were surveyed and categorised
with the help of various legal and administrative experts. The result was a systematic
collection of documents covering nearly 900 relevant laws and regulations applying
at EU, federal and state levels (Penker, 1997).

It would not of course be possible to examine all the regulations in any depth,
so a few standards were selected for use as exemplary, qualitative case stud-
ies. The selection process was based on a written survey of some 40 experts
involved in the implementation of legislation, and recorded their subjective
evaluations.

Particular relevance to sustainable agricultural landscape development was ac-
corded to laws of nature conservation and to agri-environmental schemes. Accord-
ingly, the study used the following regulatory and legal documents as the research
material for the detailed case study analyses:

- Guidelines covering the EU co-financed Austrian agri-environmental
programme – ÖPUL 95 (particularly the measures referring to ‘stabilisation of
crop rotations’ and ‘care of ecologically valuable areas’);

- The Upper Austrian Law on nature and landscape conservation 1995 (particularly
the regulations dealing with the licensing of clearing landscape elements and
drainage activities);

- The federal energy taxation law (taxes on mineral oil, electricity and natural gas).
This law acts as a kind of control, since it was expected to have no impact on the
landscape.

The empirical surveys looked at both the subjective opinions held by farmers with
regard to the objectives of legal regulation as well as the costs and benefits of
compliant behaviour and the risk of sanctions, and at the number and extent of the
actual control and punitive measures applied by public administrators in this regard.
The interviews with the farmers also involved detailed discussion of qualitative
and quantitative enterprise changes between 1994 and 1997, which were brought
about through the legislation in question. Interviews with experts in public admin-
istration were used to identify the level of resources available for administrative
tasks and services, for providing face-to-face advice, land assessments or control
inspections.

The scope of the project was such that it was not possible to carry out independent
landscape ecological surveys. In order to make empirically meaningful statements,
surveys were used as a substitute for direct landscape ecological analyses. This
means the study used expert surveys of key players in public administration and
representative bodies, as well as farmers, to gain an understanding of landscape
ecological scenarios. The survey results were then subjected to expert appraisal
and interpretation using agri-ecological and landscape-ecological literature. The
landscape-ecological conclusions drawn from this process only describe potential,
or probable, landscape effects, because they do not take account of the natural char-
acteristics of the landscapes concerned.
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15.5 Results

The empirical surveys were carried out between June and November 1998, and
identified various differences in the environmental and agricultural impacts of the
regulations analysed. In general, however, the results broadly confirmed the theo-
retical assumptions concerning the determinants of these impacts. As the case study
research was concluded several years ago, the following discussion of results will
focus on more general issues and give only a summary of the outcomes regarding
the individual regulations. A short outline of recent developments should provide
the reader with some extra insight into what has happened in the meantime.

The ÖPUL measure, ‘rotation stabilisation’, led to rapid take-up (the programme
only started in 1995). The case study results indicated positive impacts on the
landscape due to extended rotations and green cover over winter and consequently
reduced soil erosion. The ÖPUL measure, ‘care of ecologically valuable areas’,
has been seeking to preserve those semi-natural habitats (e.g. traditional orchards
‘Streuobstwiesen’ and wet meadows) that are dependent on ongoing agricultural
activity, and therefore threatened by the abandonment of agricultural land use, by
intensification, and by fragmentation. The empirical results revealed that the subsi-
dies could at best contribute to the broad preservation of these important landscape
elements, but rarely led to the establishment of new habitats and landscape features
(e.g. re-flooding of former wetland habitats, planting of traditional orchards). Af-
ter our research project in 2000 with the Austrian Rural Development Programme
2000–2006, a new ÖPUL-measure was introduced: the conservation plan. This in-
strument compensates farmers for their efforts in developing individual conservation
plans. The close cooperation of the farmers and conservation experts might provide
the extra motivation needed to create new landscape features and habitats on farms.

Despite high compliance, none of the energy taxes analysed (mineral oil tax,
electricity and energy tax) induced any of the farmers surveyed to save energy or
produce (or use) more environmentally friendly forms of energy. It seems that the
tax levels involved were too low and failed to properly differentiate between forms
of energy or energy production in terms of their environmental consequences. Since
2005, the federal government has granted farmers the legal opportunity to have
taxes on diesel oil refunded (by means of diverse flat ha-rates for grassland, tillage,
wine-growing, forestry and other forms of land use). So, farmers have lost any tax
induced incentive to reduce diesel oil consumption. Regarding general ecological
differentiation, the legal situation improved because comparatively lower tax levels
for non-sulphur fuels and fuels with a minimum of 5% bio-fuels were introduced
in 2005.

It is particularly interesting to note that contrary to expert predictions, the conser-
vation legislation examined had very little impact on the landscape. The analysis in-
dicated several reasons for this (Wytrzens et al., 2001). One was the farmers’ lack of
knowledge concerning the law. But the farmers interviewed also indicated a lack of
willingness to obey: they did not accept the underlying objectives of nature conser-
vation or weighed individual economic benefit higher than the risk of being caught.
These results reflect the general experience of massive implementation deficits re-
garding environmental policies all over the world (Carlman, 2005). It seems rather
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unlikely that the new Upper Austrian conservation law 2001 has improved the actual
protection of valuable landscape features and habitats.

In general, it can be assumed that the documented excess of 900
agri-environmental regulations (Penker, 1997) is largely responsible for the legal
insecurity that characterises social, economic and political conditions in rural ar-
eas, and that is part of the everyday context in which farmers and bureaucrats
live and work (Benda-Beckmann, 2001). Furthermore, the density and abundance
of legal regulations inevitably result in a partitioned approach when dealing with
legislation. Interviews with relevant legal experts confirmed the impression that
both practitioners and theorists tend to specialise in their own, usually very nar-
row, area of law. There is little understanding or awareness of the complex of
sometimes conflicting regulations as a whole and of the interactions between the
individual regulations within this complex. In this context, harmonisation between
different policy fields and instruments becomes a quixotic endeavour. We know
very little about the actual interplay between legislation, actual land use activ-
ities of landholders and landscape development. Individuals responsible for de-
signing or implementing laws as well as researchers analysing the institutional
dimension of landscape change, however, have to cope with this degree of com-
plexity. Thus, there is definitely a demand for theoretical concepts, practical tools
and a procedure which can facilitate a structured and integrative approach to the
analysis of impacts of existing and proposed regulations, on agriculture and the
landscape.

15.6 Recommendations

The ‘legal-ecological assessment’ presented in this paper is a multistage analytical
tool based on a framework of relevant determinants that describe the interrelations
between law, human behaviour and landscape development. The tool was applied
in three case studies for different regulations. It would seem reasonable to suggest
that the proposed methodology could also be applied to the assessment of other
landscape-relevant regulations, since the hypotheses concerning the factors that de-
termine the impacts of legislation were broadly confirmed by the case studies.

The integrative approach, combining theoretical concepts of social and natural
sciences with the expert knowledge of those affected by legislation in administration
and agriculture, also gives new and insightful perspectives on landscape governance.
The framework of determinants (Table 15.1) could provide a suitable structure for
the development of agent-based scenarios that should help to evaluate the effects
of new regulations. Such participatory scenario workshops with farmers and ex-
perts from administration might help to anticipate likely problems in implementing
the new laws. An institutionalisation of agent-based strategic assessments would
have another welcome side effect: it would slow down the process of policy making
and thus, reduce the excessive and inflationary output of legislation. Thus ideally,
such transdisciplinary assessments might result in fewer, but better regulations, i.e.
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regulations which are better integrated with other policy fields, better adjusted to
farm operations and administrative necessities and therefore also more effective in
terms of landscape governance.

Regarding the transdisciplinary process, the lesson to be learned from this project
is that the first phase of ‘project definition’ is very crucial for the success of a re-
search project involving scientists of different disciplines as well as stakeholders
outside academia. Due to a delay of the actual start of the project after its general
approval and to related adaptations of the personnel structure, the newly composed
group used the extra time to redefine the project aims, to find a common language
and to refine the methodological framework (Fig. 15.2 and Table 15.1). Retrospec-
tively, this extra effort put into the project definition was of great benefit to the
project. Anyone designing transdisciplinary research programmes should be aware
that the initial phase of transdisciplinary projects takes significantly longer com-
pared to disciplinary focused studies. They need extra time, personnel and financial
resources dedicated to the first phase of project definition.

The final synthesis was driven by the broadly shared ambition to write a com-
mon publication (Wytrzens et al., 2001), which forced the authors to streamline
the results and to refine the language and the crucial arguments. Individual writing,
reading and revising tasks with several common writing workshops to discuss and
(re-)phrase the common structure and logic of arguments as well as single sentences
proved a useful structure for this final synthesis. Vis-à-vis the external stakeholders,
periodic workshops, requests for comments, appraisals or information, formal inter-
views and informal meetings allowed for several checks and balances and a fruitful
cooperation. Apart from their willingness to listen, criticise and contribute, dedi-
cated stakeholders outside academia also require a suitable organisational frame-
work, in order to be actually able to act as guarantors for the practical relevance of
transdisciplinary projects.
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Chapter 16
Children and Divorce: Investigating
Current Legal Practices and their Impact
on Family Transitions

Heidi Simoni, Pasqualina Perrig-Chiello and Andrea Büchler

Abstract The research project ‘Children and Divorce – Current Legal Practices
and their Impact on Family Transitions’ is part of the Swiss National Research
Programme ‘Childhood, Youth and Intergenerational Relationships in a Changing
Society’ (NRP 52). Its objective is the scientific analyses of the amended Swiss
divorce law, in order to get, on the one hand, an estimation of its outcomes on
children’s well-being and, on the other, to find out if it takes into account and
encourages modern forms of familial allocation of duties and responsibilities in
an appropriate manner. The research project is embedded in a societal evaluation
process of law amendment, for which the dialogue between science and practice is
fundamental.

The project, ‘Children and Divorce’, aims at following a transdisciplinary ap-
proach, integrating various disciplinary perspectives and methods. It is managed
by a jurist and a psychologist. The research team includes jurists, psychologists
and sociologists and is supported by a group of external experts working in the
field.

To elaborate the research questions, various mutually complementary qualitative
and quantitative methods of empirical social research have been applied. Data was
collected synchronically at three levels: (a) analysis of court files and interviews
with judges, (b) written interviews with divorced mothers and fathers, (c) in-depth
interviews with children, mothers and fathers. The analyses of the data focus on the
following main questions:

- The experiences with the revised Swiss divorce law focusing on the well-being
of the affected children.

- The decisions taken in divorce proceedings such as the award of custody (sole
and joint custody), the settlement of visitation rights and maintenance, the right
of the child to be heard, and the representation of the child.

- The everyday life of divorced parents and their children.
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- Interrelations between legal context, resources of divorced families and the best
interest of the child.

- The participation of children of divorced parents in the reorganisation process of
the family.

As to the inter- and transdisciplinary process, the elaboration of a common theoret-
ical framework and the integration of the results, provide the most interesting and
challenging parts. The aim of the following chapter is to focus on these aspects,
without going into the results.

Keywords: Welfare of the child · Divorce · Family transition · Legal practice ·
Social change

16.1 Background

16.1.1 Social Change and Participative Rights
of Children – a Challenge for Social
Science Research

The demand, over the last decades, for cross-discipline cooperation in research,
teaching and practice of social science comes as a reaction to the unbridled increase
in knowledge within the special disciplines on the one hand, and to the growing
complexity of social problems on the other. One example of these problems is the
current demographic change with its far-reaching implications (associated with a
fundamental change in values) particularly for the way people live together in a
society (Perrig-Chiello and Darbellay, 2002; Perrig-Chiello and Arber, 2002). This
comes out most clearly when we take the example of familial inter-generation rela-
tionships. Like most European countries, Switzerland over the past decades has been
witnessing a process of disintegration of the bourgeois marriage and family model
with profound repercussions for family life. This fact is reflected in the following
indicators (Eidg. Departement des Innern, 2004; Perrig-Chiello, 2004):

- The marriage rate (the number of individuals out of 100 individuals who marry at
least once during their lifetime) of women dropped from 87–63 from 1970–2005
and of men from 83–59 in the same period.

- The average number of children a woman gives birth to in Switzerland in the
course of her lifetime totalled 1.39 in 2003, the birth rate having tended to drop
continually over the preceding years. In order to secure the continued existence
of the population, a birth rate amounting to 2.1 would be needed. The birth rate
has remained below that figure since 1970.

- The percentage of children born out of wedlock, although increasing, is still rela-
tively low. In 2003, 12.4% of children born alive were born to unmarried women.
From the beginning of the 90s (1992: 6.2%), this figure has been rising steadily.
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- Switzerland displays a high divorce rate by European standards (percentage
figure of divorced marriages over time). It has seen a more or less continual
increase over the last decades (1960: 13%, 2004: 44%). The figure reached a
climax in 1999 with the divorce rate reaching 51% as the result of an above
average number of divorce cases. When the new law came into force, the in-
cidence dropped to one half. Within one year (2000: 26% and 2001: 39%)
the divorce rate had again increased by 50%. At the same time we are wit-
nessing an increase of one-parent families, patch-work families, and one-person
households.

These changes have a direct impact on the life and potential development of children
and adolescents who, quite obviously, still grow up in families. A growing number
of children and adolescents experience change in their family relationships in the
course of their development (divorce or new partnership of one parent); moreover,
in most families both parents work full or part time. In this context, the questions
arise of how children and adolescents perceive and cope with these circumstances;
how these affect their development in the long term; and in what way they have a
right to participate in deciding and shaping events in these matters. How does the
changed situation affect the development of children and adolescents, in particu-
lar their attachments, well-being and health? As far as Switzerland is concerned,
there are hardly any valid answers that can be generalised. This complex of themes
has not been sufficiently studied although there exists considerable research in the
field. More generally, we can observe that children and adolescents constitute a
grossly neglected section of the population in relation to social issues and social
analysis, having no lobby and insufficient means and possibilities to make their
needs and interests heard and taken notice of in public. Moreover there is a de-
plorable lack of scientifically ascertained knowledge of the concrete structure of
everyday life in which they live and grow up. This is true to a large extent for
Switzerland, too.

16.1.2 National Research Programme 52 ‘Childhood, Youth
and Intergenerational Relationships in a Changing Society’

It is against the backdrop of the social changes referred to above, on the one
hand, and the insufficient data base, on the other, that the National Research Pro-
gramme ‘Childhood, youth and intergenerational relationships in a changing so-
ciety’ (NRP 52; www.nfp52.ch) of the Swiss National Science Foundation took
shape. This NRP, endowed with 12 million CHF, was embarked on in 2003. It aims
at gaining scientifically established insights into the present and prospective living
conditions as well as the needs of children and adolescents in Switzerland. Special
attention is supposed to be given to both intergenerational and legal aspects, given
that considerable gaps in research regarding this subject exist in Switzerland. On this
basis, approaches shall be made to clarify the question of whether any action, and
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if so what kind, needs to be taken within politics, the administrative bodies of the
federation, cantons and municipalities, corporate economy and non-governmental
welfare organisations and what kind of reaction is appropriate with regard to the
issue. Given the complexity of the issues involved, research projects using inter-
disciplinary and transdisciplinary approaches were suggested. In the light of these
objectives and intentions, NRP 52 shows all the typical characteristics of a National
Research Programme, in particular:

- transdisciplinary approaches to questions and interdisciplinary research methods
- problem-related research in between pure basic and applied research
- validation of methodology and translation of the research results into practice
- preset financial limits and time table (5 years; deadline of NRP research: end of

2007).

The standard of the National Research Programmes predetermines these to be a
suitable interface between science and society. What matters, on the one hand, is
to investigate socially relevant problems using a transdisciplinary approach and to
develop effective strategies for politics, economy and society and, on the other hand,
to give the public access to these research results.

The 29 research projects in the framework of NRP 52 had three research foci:
(1) living conditions of children and adolescents in the intergenerational context,
(2) family and systems complementary to the family, (3) learning, leisure, media
and consumption. It was suggested that researchers not only consider diversity and
variety as well as intergenerational interdependence, but also take into account the
children’s and adolescents’ competence to act (within the context of the research
topic). As a matter of fact, children from an early age are capable of actively par-
ticipating in shaping their own development. When it comes to social relationships
and way of life, children and adolescents have creative potentials that can be en-
couraged or inhibited depending on each individual’s everyday world. The well-
adapted encouragement of the competences to act and their translation into forms
of shared decision-making or participation are relevant to research work on children
and adolescents. The children’s and adolescents’ reliance on parents and other adults
requires from the latter a sense of responsibility and a continuing adaptation to mu-
tual needs. In this context, particular emphasis has to be placed on the role of the
family and the question: what can society and the law do to strengthen the parents
and thus to help children and adolescents? This complex of themes is tackled mostly
in research focus 2 ‘Family and systems complementary to the family’ of NRP 52.
One of the key questions raised is: how far are the rights of children and adolescents
to participate, translated into practice? According to the UN convention on the rights
of the child, these rights have to be honoured in all legal actions involving children
and adolescents. What deserves particular attention in this context is the question
of the juridical and psychosocial determinants and consequences of this in real life
practice. The project ‘Children and Divorce’ is meant to serve as an example in this
respect.
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16.2 Children and Divorce – an Inter- and Transdisciplinary
Challenge

16.2.1 Starting Point and Development of the Project

When the National Research Programme 52 ‘Childhood, adolescence and
intergenerational relationships in social change’ requested research proposals both
managers of the project discussed in this chapter, independently from one another,
were motivated to submit research proposals focusing on ‘the amended Swiss di-
vorce law’ as well as ‘rights of the child and welfare of the child’. Rather remark-
ably, one of them is a jurist, holding a chair for private law at Zurich University,
while the other has graduated in psychology and works as the head of the practical
research department of the Marie Meierhofer Institute in Zurich, which deals with
conditions of development of children and families in our society. This initial situ-
ation is enough to make it clear that quite similar questions ought to be empirically
investigated starting from each individual discipline. Obviously, we are dealing with
a complex of themes that suggests both an interdisciplinary (legal science & psy-
chology) and a transdisciplinary (theory & practice; university & institute of applied
science; science & society) approach. Taking a look at the initial situation of the
scheduled projects with regard to their research topic is intended to make this point
come out more clearly.

The amended divorce law, which came into force in 2000, introduced some sub-
stantial legal amendments equally affecting the children and adolescents involved
and the divorcee parents. The most substantial amendments deal with the compe-
tence of the court:

- to either directly hear the children in the course of the divorce proceedings of
their parents and/or to have them represented in order to safeguard their interests

- to leave parental responsibility with the mother and the father jointly upon appli-
cation by the parents.

This means that the amended divorce law has given children the status of legal
subjects, thereby honoring a principle of the UN Convention on the Rights of the
Child (UN CRC, 2007). In addition to this, an attempt was made to take into consid-
eration the fact that children benefit from both parents feeling responsible for their
children’s wellbeing despite them being divorced.

The legal principles regarding this issue explicitly provide for the matter to
be based on other disciplines. To illustrate this point, the related articles of the
Swiss Civil Code (ZGB) as well as an article of the UN CRC will be quoted.
Passages such as ‘welfare of the child’, ‘form/express an opinion’, ‘appropriate’,
‘commensurate to age’ refer to topics the clarification of which, when dealing
with general and particular cases, requires specialist knowledge and the expert
knowledge of specialists trained in developmental psychology and educational
theory.
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Art. 133 Swiss Civil Code [ZGB]

1. The court attributes parental responsibility to one parent, regulating the claim to
personal access and the contribution to the child’s maintenance by the other par-
ent according to the provisions on the effects of the parent and child relationship.
The amount of the maintenance payment may be fixed beyond the attainment of
legal age.

2. All circumstances relevant for the welfare of the child have to be considered
when attributing parental responsibility and regulating personal access; joint ap-
plication by the parents and, as far as it is feasible, the opinion of the child have
to be taken into account.

3. If the parents in an approvable settlement have agreed on their shares in the
maintenance of the child and the sharing of the maintenance costs, the court,
upon joint application, leaves parental responsibility with both parents, insofar
as this can be reconciled with the welfare of the child.

Art. 144 Swiss Civil Code [ZGB]

1. If orders concerning children have to be issued, the court hears the parents in
person.

2. The children are heard in person in an appropriate manner by the court or by a
mandated third person, unless their age or other substantial reasons make it seem
inadvisable to do so.

Article 12 UN CRC

1. States Parties shall assure to the child who is capable of forming his or her own
views the right to express those views freely in all matters affecting the child,
the views of the child being given due weight in accordance with the age and
maturity of the child.

2. For this purpose, the child shall in particular be provided the opportunity to be
heard in any judicial and administrative proceedings affecting the child, either di-
rectly, or through a representative or an appropriate body, in a manner consistent
with the procedural rules of national law.

Article 12 of the UN CRC makes it clear that the participative rights of children in
court proceedings are taken to constitute a mere specification of a more fundamental
right to have their voices heard. This means that in the case of a divorce, besides the
hearing of children in the course of the divorce proceedings, what matters is whether
they can make their own contribution to the reorganisation process of the family and
if so, how they can contribute. On the international level, the altered legal position
of the child is indeed undisputed in principle. Honouring the right of the child to
participate, however, still falls short of constituting an established practice. The
regulation of parental responsibility is currently the subject of a controversial and
highly emotional debate. This is true for Switzerland as well as for other Western
countries where differing legal models are being applied. The fairly heated debates
show that children’s welfare and parental divorce is still a highly explosive issue
for society. All in all, it is not only a matter regarding questions of legal practice,



16 Children and Divorce 265

but involves more fundamental issues: what kind of legal model regarding parental
responsibility really makes everyday life of divorcee families and the shaping of
relationships of children with their divorced mothers and fathers easier? Or to put
it the other way round: are there legal guidelines regularly providing additional fuel
for conflict, thereby making the reorganization process of the families following the
separation of the parents even more difficult? Furthermore, it is still not clear what
relation the rights of children have with the rights of adult women and men, for
questions of equality and the sharing of duties between the sexes are a further issue
regularly mixed up with questions of parental responsibility and the welfare of the
child.

The legal system reacts to social change by amending the law, while at the same
time acting upon it. This suggests that an analysis of interpreted and applied legal
practice is necessary to answer questions of how smoothly and effectively it can
contribute to the solution or defuse actual problematic situation. Besides this, the
question arises of whether legal science adapts to the diversity of real situations
and how consistent it is perceived to be by the specialists and individuals involved.
This is particularly interesting where it touches upon fields of tension in which var-
ious discursive levels intermingle, as is the case of parental responsibility. From
a psychological perspective, the questions that come to the fore are whether legal
processes correspond to the perception and behaviour of the adults and children in-
volved and are felt to make sense; whether they are helpful in potentially conflictive
or critical situations in life; and finally, whether regulations can be found that are
well adapted to the realities of everyday life and that have a relieving effect on the
psycho-social situation.

Pursuing a transdisciplinary approach was intended in both research programmes
as an exchange between science and practice. Science that claims to provide poten-
tially relevant results has to rely on questions and suggestions from practice. On
the other hand, science has an advantage over the latter in so far as the scientific
perspective makes it possible to study the research object systematically, objectively
and in detail at the same time. Empirical research steps back to observe both social
and individual events from a distance. This makes it possible to adopt various per-
spectives and to distinguish – expected or unexpected – patterns from a bird’s eye
view, as it were. The systematic view allows for in-depth study of selected aspects.
Both taken together helps the researcher stay detached from preconceived opinions
and convictions and to start searching for contexts on the assumption that things
may well be completely different from what they were supposed to be.

The management team of NRP 52 has appreciated the outlined transdisciplinary
dimension of the subject and the need for an interdisciplinary empirical approach.
They have also recognised the potential for synergy provided by both project pro-
posals submitted. This is why both researchers were asked jointly to work out
a research application. Relying on international experts’ reports, the management
team of NRP 52 granted the application ‘Children and divorce; the impact of legal
practice on familial transitions’. The crucial factor in the decision, besides the scien-
tific quality, was the interdisciplinary and transdisciplinary approach intended in the
project. The research project aims at understanding the psycho-social situation of
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children during divorce proceedings as well as following the divorce of the parents
and to relate this reality to the ‘child’s welfare’. Science can take up past or urgent
questions of practice, creatively reformulating them, preparing them for further in-
vestigation, and in this way contribute substantially to clarifying them in the best
of cases. This is where the potential of the proposed project lies with regard to the
subsequent usability of its results.

16.2.2 Elaboration of a Common Theoretical Framework

The project ‘Children and Divorce’ is part of a social process involving the evalu-
ation of an amendment of law, while going far beyond it. In order to back up and
ground the project broadly, exchange with further experts from research and practice
had already been sought at a very early stage of its realisation and is maintained in
the form of a supporting team of specialists and of individual experts. This team is
made up of specialists from all over the world, including experts pursuing scien-
tific and practical activities in the fields of family law as well as child and family
psychology.

It was a vital condition for the realisation of the project to develop a common
basis or a common theoretical framework notwithstanding the differing perspectives
of the disciplines involved. The particular challenge in this process was to connect
the potentials of the special disciplines with each other and make them interact.
The specific perspectives and analytical levels of the disciplines involved were not
intended to be dissolved, but to be explicitly made use of. The following aspects
constitute the basis of the research project:

- juridical, sociological and psychological knowledge of familial transitions
- legal comparisons regarding the regulation of the interests of children in the

course of divorce proceedings of the parents
- psychological knowledge of risk or defensive factors, processes of coping, devel-

opment of the child, development during the course of life
- data on demographic development in Switzerland.

The overall concepts of ‘divorce law, child law and welfare of the child’ were fixed
as a common denominator. It soon became evident that ‘process orientation’ rep-
resented an additional common interest with three differing aspects connected to
it: one, from a perspective of legal science and another from the perspective of
psychology. The third one is related to the former two, concerning the temporal
structure of the period in question during which changes are to be investigated. The
first concerns the aspect of ‘translation into practice’, and the second that of ‘familial
transition’.

From a primarily juridical perspective, the core issue of an evaluation of an
amendment of law concerns its translation into practice: how are the guidelines
being taken into consideration in judicial custom and the options provided for fully
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made use of? Psychology, on the basis of the idea of translation into practice, may
ask whether, when and how judicial custom is reflected in the everyday lives of the
families.

The term ‘familial transition’ denotes that the nuclear family may see changes
involving fundamental role reversals (birth of a child, separation, divorce) over time.
These typically act both ‘from inside out’ and ‘from outside in’. Familial transitions
are coped with in different ways according to the resources available. Although
the reorganisation processes related to this can provide an opportunity for the per-
sons affected (from an individual and social aspect), they also have considerable
potential for crisis in the short and middle term (Cowan, 1991; Perrig-Chiello and
Perren, 2005). What matters in the long term, however, is whether actual adverse
consequences could be overcome and whether the changes could be coped with. In
connection with separation and divorce, legal practice and the wellbeing of the indi-
viduals affected are dynamically interrelated. Environment, judicial custom, societal
value judgments and social resources, besides personal psychological resources, af-
fect coping with divorce and thus the wellbeing of the individuals involved. Their
perceptions, feelings and attitudes in their turn influence the everyday life and be-
haviour of the environment, i.e. external conditions. The concept of transition in the
familial life cycle perfectly serves the purpose of empirically utilising the variety of
perspectives adopted by jurists, sociologists and psychologists to view the ‘inside’
and ‘outside’, understand structural and psycho-dynamic characteristics of the tran-
sition ‘parental divorce’ and thereby overcome the additional juxtaposition of the
differing approaches.

The temporal structure given to the period under investigation is based both on
juridical and psychological considerations. What matters from the juridical perspec-
tive is the division into the separation, divorce and post-divorce phases. On the one
hand, this is because the phases referred to differ with the competence of the court
and of the guardianship authority to regulate the child’s interests as well as in other
respects. What matters on the other hand, is the question of continuity of regulations
at different points in time such as the relevance of regulations applying to the period
of separation and everyday life as experienced by the individuals concerned with the
divorce decree. An important issue from a psychological perspective is determining
where, when and how often the investigation is conducted. Taken together these
determine what can be understood in retrospect only and what can be understood
actually or prospectively. It has to be taken into account that retrospective inter-
views are valid only with qualification and with regard to selected questions because
objective human memories do not exist. The coming to terms with events and the
course things have taken always affect memory. Furthermore, assuming that divorce
is a transition period, existing knowledge of the working of such reorganisation
processes has to be included. As a case in point, it had to be taken into consideration,
at about what point following a divorce decree can coping with the altered family
situation be expected in most families.

Methodologically speaking, the common basis is provided by the scientifically
backed up agreement that data collection using multiple informants and perspec-
tives, promises to serve the complex of topics best (Kraemer et al., 2003).
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16.2.3 Drafting of Common Research Questions

Finally, the following research questions were drafted and made serviceable for
empirical treatment:

- What are the experiences Switzerland has had with the amended divorce law with
special regard to the welfare of the children involved?

- What is the legal practice for dealing with divorce with regard to: parental respon-
sibility (sole and joint parental responsibility), care and custody, visiting rights,
hearing of the child, representation of the child, child maintenance?

- What is the situation in life of divorced parents and their children?
- How are divorce decrees translated into the everyday life of children and parents?
- What changes and constants become visible in the course of time, as for example

in the contact between the child and both parents?
- Are there any connections between overall legal conditions, resources of the

family and welfare of the child?
- How can children affected by divorce appropriately participate in the reorganisa-

tion process of the family?
- What are the experiences and the condition of children and adolescents during

and following the divorce of their parents?
- Do gender-specific differences emerge in the context of the issues concerning

children and adolescents?

This is to say that the research project ‘Children and Divorce’, on the one hand,
investigates the translation of the divorce law in force in Switzerland from 2000
into court custom, and on the other, investigates the translation of the divorce de-
crees into the everyday life of the families involved. The catchphrase ‘welfare of
the child’ focuses on the regulation of the child’s interest in the course of divorce
proceedings and in everyday life, the participation of the children and adolescents
affected in the reorganisation process of the family as well as the satisfaction and
condition of children and parents in the post-divorce period. Special attention is
given to answering the question of whether including the perspective of the child as
laid down by law can in fact be found to be part of the divorce situation.

16.2.4 Interdisciplinary Empirical Methods and Perspectives
Concerning Data Collection

Using an interdisciplinary approach to the research topic requires the sustained
communication of explicit and implicit assumptions related to specific subject ar-
eas. This leads to the specifying and clarifying of concepts, research questions and
interpretations within and between disciplines at every stage of the project. The
empirical phase has particular significance in this process: what matters is to make
sure that questions and perspectives in the fields of legal science, psychology and
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sociology are given due consideration in all parts of the investigation, and in the
related instruments of data collection. They have to be interconnected in a way
that will allow for the interconnection of the maximum amount of collected and
evaluated data and the integration and communication of the results. Making op-
timum use of interdisciplinary resources and establishing the connections between
the collections of data, suggested the following procedure: overall control of two of
the three parts of the investigations was to be with the jurists (analysis of records)
or the psychologists (interviews). The instruments used for data collection were
complemented, whenever necessary, by the other part of the team and all of them
coordinated with each other. The third level of data collection, which is the large
scale written interviews, was designed to serve as a hinge for method and subject
matter: the data collected helps make it possible to inter-relate the quantitatively
evaluated juridical-social data of the record analysis and the qualitatively evaluated
psycho-social data of the interviews.

What follows is a description of the methods and categories used to collect data.
The resources available did not allow for a comprehensive investigation covering
the whole of Switzerland. Since both rural and urban contexts had to be taken into
consideration, all data collection was conducted in the three cantons of Basel-Land,
Basel-Stadt and Zurich.

Record analysis and interviews with female and male judges: Analysis of a ran-
dom sample from one out of five court records dealing with divorce decrees from
2002 to 2003 is designed to yield information on agreed regulations regarding chil-
dren at the moment of divorce. In the process, divorce records are investigated sys-
tematically for substantial and procedural measures involving children in the course
of divorce proceedings (attribution of parental responsibility to one parent or leaving
joint parental responsibility with both parents, regulation of care and custody and of
personal access, payment of maintenance for the child, hearing of the child, appoint-
ment of a representative for the child, etc.). Record analysis was mainly developed
and conducted by the legally trained members of the research team. The trained
psychologists and the team of experts supported the process in an advisory capacity.
In order to compare the regulations found in the decrees with the perception of
court custom by the court officials, the project managers conduct interviews with
divorce judges parallel to record analysis. These interviews are expected to give us
some clues as to the applicability and the smooth translation of the law into practice.
A semi-structured interview guideline was jointly worked up by the team as a whole.

Written interviews with divorced mothers and fathers: A structured questionnaire
was used to interview all parents of under-age children who got divorced in the
three cantons in 2002 and 2003 concerning the regulation of the child’s interests in
the divorce decree and its translation into practice. The question of how families
organise their everyday life after divorce and how children, mothers and fathers feel
in this situation is of particular interest. The net feedback of 40% makes it safe to
say that, with regard to subject matter and form, we have most happily succeeded
in establishing contact with the parents affected. The drafting of the questionnaire
was done by the whole team, in cooperation with two scientifically experienced
sociologists who carried out the preliminary evaluation of the data. The data was
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returned to the research team for in-depth analysis. The scientific team of experts
supported the process in an advisory function. Drafting and conducting the written
interviews jointly has proved highly helpful for interdisciplinary communication
and continuous exchange.

In-depth oral interviews with families: In order to connect our understanding
of familial reorganisation processes as closely as possible with the experience and
behaviour of divorced mothers, fathers, children and adolescents affected, inter-
views focusing on specific topics were conducted. We aimed at having at least
one parent and one child per family tell us about their personal experiences and
wellbeing in connection with separation and divorce. This method makes available
information based on self-perception as well as on the perceptions of others. The
interviews are the only category of data collection allowing children to speak up
for themselves directly. This will make it particularly interesting to compare their
view of the situation and their experiences of participation in the family reorgan-
isation process, with information from court records, parents and judges. Special
importance was given to including children of various ages and parents involved
in various regulations concerning legal parental responsibility. Special attention is
given to the question of coping with changes and coming to terms with the sit-
uation. All the elements referred to provide clues to adverse and protective pro-
cesses affecting the development of the children and adolescents interviewed. The
oral interviews with children and parents are mainly being developed and con-
ducted by the psychologists on the research team. The legally trained members
of the team and the fellow team have been assisting the process in an advisory
function.

16.2.5 Integration of the Results: The Major Challenge
with Transdisciplinary Consequences

As the research process has shown, the phases of data evaluation and especially the
integration of the results call strongly for interdisciplinary cooperation and com-
munication. Of course, the research questions drafted and the method used in data
collection set the direction to be followed. This still did not specify sufficiently how
the scientific answers to the societal discourse dealing with the topic of divorce
and welfare of the child could be brought to fruition. The questions drafted at the
beginning of the research process moreover still draw upon the interdisciplinary
potential in a supplementary rather than an integrative manner while both the spec-
ification of the questions and utilisation of the interdisciplinary potential are vital
for the project to succeed. What mattered at that was to formulate and balance
the crucial questions’ so that the scarce resources of time and personnel could be
maximised.

The difference in focus between ‘events and decisions’ and ‘condition and be-
haviour of individuals’ presented a challenging obstacle at this stage of research:
legal science is primarily concerned with the legal institute of the right to be heard,



16 Children and Divorce 271

the regulation of parental responsibility, maintenance and their effects, in a manner
geared towards translation into practice, in order to deduce recommendations
regarding court custom. On the other hand, it is more in line with the psycholog-
ical concept to start from the persons involved, trying to understand the multiple
experiences of children, parents and judges in the light of certain aspects related to
the topic. This means that fusing together analyses and results once more required
an interdisciplinary effort and exchange, highlighting the need to keep working
from our common base. This, however, proved yet another obstacle which turned
out to be an opportunity once the team succeeded in integrating both preferences
referred to above. The higher degree of orientation toward practical application
shown by the jurists proved to be a strong point at this stage of the project be-
cause it helped use the abundant data base in an object-directed way. Eventually,
the overall guideline for the focusing of the evaluation and integration of the results
was phrased to read: ‘Separation and divorce as a (re)organization process of fam-
ily life from the perspective of children, parents and judges’. In a further step, we
jointly defined with which priority to analyse the data of the various collection cat-
egories with regard to which research questions. The priorities have been ranked as
follows:

1. ‘parental responsibility and care and custody as experienced in real life’ from the
perspective of children, parents and judges and in the conflicting relationship of
arrangements agreed on in court (Büchler and Simoni, 2006)

2. participation of the children in separation and divorce from the perspective of
children, parents and judges

3. state intervention in the interests of the child from the aspect of the welfare of
the child.

The method agreed on is designed to make sure that evaluation can be carried out
with all necessary focus and care while nevertheless making the results available
for intra-, inter- and transdisciplinary use as soon as possible. Once the available
data referring to the first complex of themes have been analysed, the results are
due to be communicated in the form of papers in scientific journals, articles in the
daily print media and in lectures, etc. Concentrating data analysis on these three
foci regarding the research is in line with the intention of the project to pursue
a transdisciplinary approach. Besides this, it will provide jurists and psycholo-
gists with data specific to their disciplines and create interdisciplinary ‘heightened
value’.

On the whole, the experiences made so far with the realisation of the project
‘Children and Divorce’ have confirmed the researchers in their conviction that by
using the potential of an interdisciplinary approach they can in fact contribute to
clarifying questions. The answers are eagerly awaited by the specialists of each
discipline, the experts in applied science and the wider public. At the same time,
the inspirational effect of inter- and transdisciplinary dialogue on any individual
specialist field ought not to be underestimated.
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16.3 Recommendations

The project ‘Children and Divorce’ claims to clarify socially relevant questions that
were formulated by the scientists as the result of a dialogue with experts in the field
of social practice. After the empirical evaluation, the research results will be com-
municated to the scientific community and also fed back into practical application
in the form of recommendations and implementations.

The research level itself requires the utilisation of various scientific perspectives
and methods in order to make the topics empirically manageable without sacrificing
its complexity. An important precondition for this is that it remains possible for
the different research collaborators to stay rooted in their own disciplines, adopting
a methodical and substantially precise working ‘state of the art’ process. In this
respect, the project ‘Children and Divorce’ represents an interdisciplinary endeav-
our attempting explicitly to utilise the professional idiosyncrasies of each of the
disciplines involved. The boundaries of each discipline are not removed but overlap
in the process: for the disciplinary identity and the curiosity to go beyond it are
equally indispensable. From the very outset, the working out of a common theoret-
ical framework for the subject of parental divorce and welfare of the child proved
both challenging and rewarding. Interdisciplinary communication has been upheld
during the entire period of the project so far, constantly resulting in adding to its
accuracy. The fascinating point is that the specific assets of the disciplines involved
make themselves felt in accordance with the requirements of the individual stages of
the project. Examples are the contribution of the powerful concept of ‘biographical
transition’ and of methodological know-how of psychology, and the effectiveness of
the high degree of systematic and practical orientation of jurisprudence.

The present chapter allows insights into a process of research still under way,
which therefore cannot yet be conclusively evaluated. However there is much ev-
idence suggesting that the inter- and transdisciplinary approach adopted for the
project ‘Children and Divorce’ has an advantage over a monodisciplinary method
in content as well as structure. Although the project is still in its final stage, the
experiences so far in connection with the most important milestones are sufficient
and convincing enough to draw some conclusions concerning the heightened value
of the scientific approach adopted.

- The interdisciplinary orientation allows for the treatment of complex and mul-
tifaceted research topics on the one hand, thereby contributing to a comprehen-
sive perception of the facts and to clarifying complex research questions. On
the other hand, generating interdisciplinary knowledge does not prevent the sci-
entific discourse (related to a special field) from making headway. This project
involves – besides the interdisciplinary points of intersection – very specific clus-
ters of disciplinary topics that could be followed up.

- The transdisciplinary orientation contributes to gathering valid and socially rele-
vant results. Furthermore, it encourages the formation of networks, especially the
improvement of cooperation within and among research institutions, inside and
outside academia, as well as between science and practice.
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To develop and conduct projects with a complex design, the researchers are in need –
apart from their commitment – of overall conditions and infrastructure allowing
them, firstly, to pursue a dialogue among themselves and with the experts in the
practical fields, and secondly, to bring the project to fruition with some form of
cooperation. This necessarily includes subsidies that encourage research earmarked
for that very goal, duly valuing, honouring and promoting the transdisciplinary in-
tentions and efforts in evaluating research results. In order to allow inter- and trans-
disciplinary projects to shape and maximise the research process, the timetable fixed
for the project must not be set too tight. The integration of the project ‘Children and
Divorce’ into the National Research Programme 52 shows how this complementary
cooperation, between research and subsidies encouraging research, can work out in
a way that adds value at the project and programme level. This manifests itself in
results like:

- the stimulation of national and international research cooperation
- the formation of junior scientists (PhD students)
- an issue-related and more comprehensive dialogue between science and society.
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Part IV
Bringing Results to Fruition



Chapter 17
Towards Integrated and Adapted Health
Services for Nomadic Pastoralists
and their Animals: A North–South Partnership

Esther Schelling, Kaspar Wyss, Colette Diguimbaye, Mahamat Béchir,
Moustapha Ould Taleb, Bassirou Bonfoh, Marcel Tanner and Jakob Zinsstag

Abstract Mobility of pastoralists in arid and semi-arid zones renders access to
primary social services difficult. The experiences, local concepts and propositions
of nomadic communities of Chad were essential to fill the information gaps on how
to provide adapted health services to mobile communities. In Chad, we have taken
an iterative, corkscrew-like research and action strategy: a better understanding of
the determinants of health and communities’ health priorities – obtained by inter-
disciplinary collaborations between medicine, anthropology, epidemiology, social
geography and microbiology – were integrated in the participatory identification of
intervention options out of a range of possible responses by the health and veterinary
services. Recommendations from national stakeholder workshops paved the way for
implementing and testing new interventions. All stakeholders reviewed outcomes of
interventions periodically. The programme provided opportunities for participatory
processes and actions that were defined in an open way at the beginning. An appro-
priate North–South research partnership framework and the long-term commitment
of all partners have been crucial in the process of building stakeholders’ ownership.
University curricula rarely enable scientists to communicate with other disciplines,
and researchers first needed to acquire skills in crossing the boundaries between
human and natural sciences and between sectors. We describe here in a chronologic
way the elements that led to innovative health and veterinary services for nomadic
pastoralists of Chad; such as joint vaccination services of the public health and the
livestock sectors and subsequent initiatives that were initiated by the nomadic com-
munities once they began to trust the programme.

Keywords: Inter-sectoral public health and veterinary services · Stakeholder
assessment · Access to health care · Remote rural zones · Mobile pastoralists

E. Schelling
Swiss Tropical Institute (STI), Basel, Switzerland; International Livestock Research Institute,
Nairobi, Kenya
e-mail: esther.schelling@unibas.ch

G. Hirsch Hadorn et al. (eds.), Handbook of Transdisciplinary Research, 277
C© Springer 2008



278 E. Schelling et al.

17.1 Background

Nomadic and transhumant pastoralists, in arid and semi-arid zones, use vast dry
grasslands and crop residues productively. Their mobility is a strategy to manage
efficiently the uncertainty in a fragile environment where rain-fed agriculture is risky
(Niamir-Fuller, 1999). However, mobility renders access to preventive and curative
treatments, and information difficult. Poor health is often the ultimate consequence
of poverty and the limited access to education, sanitation and health services, com-
bined with societal change and political unrest. Health is a sensitive indicator of
development and health outcomes but can only be interpreted if the social, cultural,
political and economic backgrounds are understood. Studies to determine health
indicators among nomadic pastoralists are rare as there is little experience of deliv-
ering health services to them (Swift et al., 1990).

Mobile pastoralists are the subject of an unusually large number of myths and
misunderstandings so policy makers give them a low priority and this leads to in-
adequate policies. It is thought that pastoralists need to settle to benefit from social
services. Indeed, rural health dispensaries are typically located in agricultural vil-
lages to which access of pastoralists with their animals is often hindered. There
are also socio-linguistic barriers at rural dispensaries between nomadic groups and
health workers (Loutan, 1989). Nomads may be treated with disrespect or have to
pay under-the-table sums. A mobile way of life jeopardises treatments requiring
follow-up, e.g. against tuberculosis and HIV infection. Lack of maternal health
services including attended skilled birth delivery is associated with a high preg-
nancy related morbidity and mortality. The access of sick women to health ser-
vices depends on the network they can mobilise in order to receive treatment (the
necessary resources and a male chaperone) (Hampshire, 2002). This may be es-
pecially problematic in the nomadic context because families are every so often
separated.

Mobile health services that reached nomadic camps were avidly used by no-
madic pastoralists; however, due to their high costs they were not sustained. The
training of community health workers (CHWs) was promising in Niger (Loutan,
1989). Women need no special permission to consult a nomadic CHW as they do
for outside practitioners.

Traditional healers in many pastoral societies treat people and animals. Besides
providing pastoralists with their main source of subsistence, livestock is the basis
of economic wealth and social respect. The good health of their animals is pivotal
and therefore, animal health may provide a key entry point for the provision of both
human and animal health understanding and services. Pastoralists, for example in
Chad, seek efficacious western-type drugs for particular human and animal health
problems, e.g. chloroquine for malaria, antibiotics for respiratory diseases and treat-
ments against trypanosomosis of cattle and camels.

The American epidemiologist Calvin Schwabe – inspired by Sudanese Dinka
pastoralist healers – comprehensively outlined the synergies of human and veteri-
nary medicine and the added values to public health of a ‘one medicine’ (Schwabe,
1984). Majok and Schwabe (1996) observed that veterinarians are the most
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extensively distributed individuals with a higher educational degree in many African
rural areas and advocated intersectoral collaboration between the health and veteri-
nary services.

Although approximately ten percent of the Chadian population are nomads, like
most sub-Saharan African countries, there are no available definitive demographic
enumerations. In Chad, livestock is the second most important export after petrol.
Three quarters of the cattle are kept in the Sahelian zone, about 80% of these in
mobile systems.

In the rural Chari-Baguirmi of Chad, in the early 1990s, the staff at one health
centre observed that nomadic pastoralists passed by without visiting their centre.
They asked the provincial primary health care programme to develop more appro-
priate services for the mobile populations. The health programme was executed by
the Centre de Support en Santé International (CSSI), the local branch of the Swiss
Tropical Institute (STI) in Chad. The STI is a public health institute associated
with the University of Basel. Its mandate is to contribute to the improvement of the
health of populations internationally and nationally through excellence in research,
services, teaching and training. With its broad network it can cover and link health
topics from the laboratory bench to the patient. The majority of collaborators in
the research and service departments have a professional background in natural and
social sciences rather than in the health sciences.

In 1996, the STI commissioned an exploratory pre-study of access to health ser-
vices by nomadic pastoralists in Chad. Based on its recommendations and those of
a first national workshop, the research and action programme ‘Improved access to
health services for nomadic pastoralists of Chad’ was launched in 1998 (Wiese and
Tanner, 2000). The programme wanted to overcome barriers to access to health care
by nomadic people by generating a scientific basis for the development and valida-
tion of adapted, efficient and innovative strategies. Table 17.1 shows the chronology
and elements of the programme as is described in the text below.

17.2 Element 1: Launching the Programme

A new institutional research partnership was setup with the Chadian Veterinary
Laboratory (Laboratoire de Recherches Vétérinaires et Zootechniques de Farcha,
LRVZ) and a research collaboration was established with the Ministry of Health.
The Centre de Support en Santé Internationale in N’Djaména served as a base for
all researchers. The principles of the Swiss Commission for Research Partnerships
with Developing Countries (KFPE, 1998) were accounted for in the interinstitu-
tional and interpersonal North–South collaborations for capacity building in Chad
and in Switzerland. Shared responsibility, transparency and formalisation were a
prerequisite for the excellent institutional framework. A better understanding be-
tween partners from different cultural backgrounds was possible once the differing
motivations for the research work were made explicit (Zinsstag, 2001). The pro-
gramme in its first year brought together the following disciplines: anthropology
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(STI), social geography (Geography Department of the University of Freiburg im
Breisgau), biology (CSSI), medicine (Ministry of Health), veterinary epidemiology
(STI), and microbiology (LRVZ). Physicians and veterinarians established proto-
cols at the interface between human and animal health using the concept of ‘one
medicine’. The research hypothesis and objectives of all studies were guided by
the recommendations of the first national workshop and were carried out in a com-
mon study zone (among Fulani, Arab and Dazagada nomadic communities of the
Chari-Baguirmi and the Kanem). The projects were complementary, although each
project had its own funding, disciplinary methodological basis and developed its
own specific research components. Researchers coordinated and integrated the dis-
ciplines after defining the complementary relationships and synergies between the
research studies; however, research protocols were also driven by the demand for
solid disciplinary work and the validation of hypotheses.

All research studies have contributed to the implementation and testing of priority
actions that were negotiated among stakeholders. In the course of the programme,
stakeholders were continuously contacted and information was shared. The pro-
gramme’s aim was to show the relevance of the results, to provide authorities with
information needed for decision making relating to (limited) resource management
and to bridge the ‘applicability gap’ (Lawrence, 2004). This could only be done
by involving stakeholders from the community and the policy levels (as described
below).

17.3 Element 2: Inter- and Transdisciplinary Research

Studying the epidemiological pathways of disease and disease patterns was essential
for developing desirable direct causative interventions. Particularly in the interna-
tional public health field, epidemiologists need a comprehensive understanding of
disease determinants rather than an out of context focus on individual risk factors.
Transmission of brucellosis – a severe disease in animals and people – from live-
stock to nomadic pastoralists could be partly prevented by boiling milk to kill the
causative bacteria (Schelling et al., 2003). Yet, the wood that is needed for cook-
ing is limited in the Sahel and cutting of wood may put families in conflict with
sedentary communities and authorities from the Ministry of Forest. The anthropo-
logical study integrated the local understanding, attitudes, beliefs, knowledge, ill-
ness experience and priorities of nomadic communities with regard to health related
problems. Pastoralist groups had no concept of diseases that are transmitted from
animals to people (zoonoses) with the exception of anthrax (Krönke, 2004). The fact
that livestock’s milk should be boiled to prevent disease transmission was thus not
evident to the communities until adequate information was provided. The first my-
cobacteriology laboratory in Chad was established for the study of another impor-
tant zoonosis – bovine tuberculosis caused by Mycobacterium bovis. The Chadian
public health authorities gained an important tool in the fight against tuberculosis
(Diguimbaye, 2004). Population based laboratory studies can lead to the identifi-
cation of appropriate strategies of control. However, for effective implementation
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of control measures in the field, the socio-cultural context of a disease has to be
known. For example, it is reported that nomadic pastoralists in Mauritania consider
tuberculosis as inherited and without cure (M. Ould Taleb personal communication).
By way of culturally adapted pictograms, informing about tuberculosis treatment,
members of these communities started to make better use of available treatment
facilities.

During clinical surveys in 1999 and 2000, almost all participants complained
about health problems (Schelling et al., 2005). Treatment seeking behaviour is
strongly influenced by cultural norms. For example, Fulani pastoralists’ system of
norms and values – pulaaku – includes the fulfilment of duties and expectations
between Fulani and encompasses a high degree of self-control to not express dis-
comfort in public. This may result in attendance of health services only at an ad-
vanced stage of disease (Krönke, 2004). The aim of the socio-geographical surveys
was to provide a basis for understanding the ecological, socio-economic and po-
litical dimensions of nomadic livelihood in the complex crisis situation of Chad.
This study complemented the research studies on perceived ill health (emic view)
and health risks (etic view) at the intersection between medical, environmental and
social sciences. One major outcome was an understanding that nomads’ priorities
are every day concerns related to securing their livelihood. Access to key pastoral
resources and related conflicts with sedentary communities also strongly influenced
care seeking behaviour (Wiese, 2004). Severe vitamin A deficiency among nomadic
women may also show the range of topics that required consideration for mitigating
actions. Vitamin A levels in women’s sera were directly correlated to the vitamin A
levels in the livestock’s milk (Zinsstag et al., 2002). Indeed, the highest milk levels
were found in herds grazing on green pastures around Lake Chad, but access to
these pastures is difficult due to increased agricultural activities (Wiese, 2004).

We used the community based research results to initiate broader collaborations
with authorities and scientific experts (see below). Results were also reviewed in
the communities during focus group discussions and regional workshops to obtain a
broader perspective of nomadic men and women. At this stage, the overall goal and
expectations of the programme were clarified with all stakeholders and a basis of
trust and mutual respect was established. These operational research parts provided
a most fruitful ground for transdisciplinary processes as shown in the following
example of a livestock vaccine against anthrax.

Anthrax is a fatal bacterial disease of people and livestock, and thus, a public
health threat and an economically important disease. Pastoralists knew that people
can be infected by contact with contaminated animal carcasses. Control of anthrax
in an endemic setting such as Chad includes annual compulsory vaccination of live-
stock, meat inspection and education about the risks of handling and consuming
contaminated livestock products. Still, anthrax outbreaks continue to occur. Insuffi-
cient vaccination coverage due to a lack of veterinary infrastructure and refusal of
livestock owners to have their animals vaccinated are commonly thought responsi-
ble for these outbreaks. In view of future vaccination campaigns, we have evalu-
ated the satisfaction of livestock owners with veterinary vaccination using over 100
interviews. Cattle and camel owners acknowledged decade long good experiences
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with vaccination of livestock. However, the majority reported that vaccines were no
longer efficacious and they provided many explanations for this phenomenon. Their
arguments gave an impressive insight into the detailed observations and validation
criteria they used – many were plausible to scientists with regard to biomedical
concepts. A quality control of the anthrax vaccine, which had not been previously
considered by researchers, showed that the vaccine was indeed contaminated. The
laboratory examination confirmed the concerns of the livestock owners. Documen-
tation of the pastoralists’ observations led to laboratory results that in turn attracted
the interest of a donor agency and led to the rehabilitation of the livestock vaccine
production – to the advantage of the whole country.

17.4 Element 3: Stakeholder Involvement

Stakeholders were the academic institutes within the research partnerships, the
Ministries of Health (MoH) and Livestock Production (MLP) (with the veterinary
services); NGOs working with pastoralists; international bi- and multilateral organ-
isations such as WHO, UNICEF and the Swiss Agency of Development and Co-
operation; and donors; on the community level nomadic families (men, women and
children), their representatives and associations; as well as the staff of local health
and veterinary posts.

Subsequent national stakeholder workshops (in 1998, 1999, 2002 and 2005) were
organised to inform interest groups about research results, to formulate health ser-
vice priorities from a range of options, and to readjust ongoing interventions. No-
mads could express their concerns and needs directly to the authorities and also
voice non-health related demands such as requests for new legislations on land
use. The national workshops in the period 1998–2005 bridged research and prac-
tical application and overcame conceptual, institutional and social barriers which
Lawrence (2004) identified as crucial elements in transdisciplinary practice. Given
the diversity of interests among the stakeholders, the priority setting process started
from health system driven approaches – pragmatic in the sense that interventions
could be carried out by the health and veterinary services and could be validated
by involved scientists – and moved incrementally towards the inclusion of other
communities’ priorities.

The first national workshop set the overall aims and approaches of the pro-
gramme. The second workshop recommended testing of joint human and animal
vaccination campaigns, better access to essential drugs, and strengthening the train-
ing of barefoot veterinarians and traditional midwives. The proposition to join pub-
lic health and veterinary services for simultaneous vaccination was based on the
research results showing that most animals were vaccinated but no nomadic child
was fully immunised – although the communities wanted access to vaccination for
children. During a third workshop, further research results from the first phase and
evaluations of ongoing interventions were presented. The participants identified new
research and intervention objectives: in-depth studies on social organisation; poverty
reduction strategies (using a conceptual framework of vulnerability and resilience);
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a multidisciplinary population based study on human and bovine tuberculosis, for
treatment of mobile livestock holders; and quality control of locally produced vet-
erinary vaccines. A recommended development goal – based on community de-
mand – was the strengthening of local and national legislative capacities to design
a pastoral code that would secure their transhumance routes. The forth national
workshop addressed policy issues almost exclusively. It came up with the next steps
for building ownership – by communities and governmental organisations – of the
pilot-interventions, and their translation into national public health and veterinary
strategies. In conjunction with the last stakeholder workshop in 2005 a process of
interministerial planning of a national action plan to support nomadic communities
in Chad started under the leadership of the Ministry of Planning in collaboration
with eight other ministries. In autumn 2006, the national action plan will be val-
idated during a workshop with the concerned population. The proposed funding
should be covered by Chad and international donors.

17.5 Element 4: Testing Interventions

As recommended at the 1999 workshop, nomadic barefoot veterinarians and tradi-
tional midwives were subsequently trained by professionals. Members with a strong
commitment were selected by the communities for training. One midwife reported
during the most recent workshop that women now ask about the use of contracep-
tives. The midwives could in future peer-educate mothers in early management of
sick children at the household level. In Chad with its serious shortage of qualified
health personnel, capacity building needs to be considered continuously (Wyss et al.,
2003).

Joint vaccination campaigns for people and livestock were implemented and
evaluated for their feasibility and costs. Between 2000 and 2004, 4,022 nomadic
children were fully immunised (three repetitive contacts with the vaccination team)
and 6,284 women received at least 2 doses against tetanus. A total of 103,500 live-
stock were vaccinated. The capacity of existing mobile veterinary infrastructures
was extended for simultaneous vaccination during every third vaccination round.
Besides support and follow-up of activities, the project played a facilitating role to
harmonise the schedules of the public health and veterinary services. It made use
of all existing infrastructure (cold chain, transportation) to avoid the establishment
of parallel structures. The National Expanded Programme on Immunization (EPI)
provided the vaccines and consumables and was involved in the evaluations which
further strengthened the good collaboration between the national programme and
the project. They appreciated the regular detailed intervention and evaluation re-
ports. The costing analysis showed that the public health sector saved 15% of its
operational costs (Bechir et al., 2004).

The campaigns were set up with the local health and veterinary personnel. The
vaccination team was highly motivated as their arrival in a nomadic camp was a
social event. Half of the nomads had never visited a health centre before. There-
fore, a first contact with the health personnel was established during the vaccination
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activities. Nomads appreciated the quality and the potential of health services for
the first time and started to trust the providers. The public health services were able
to build on this important gateway opened up by the project. After years of compul-
sory vaccination of livestock with vaccines that were perceived ineffective by the
communities, veterinarians regained trust during the joint vaccination campaigns.
They were most willing to share their infrastructure for a more sustainable use.

Simultaneous offering of human and animal health services is particularly suited
to pastoralist populations who care equally for the health of family members and
for their livestock. Some families travelled from far away to arrive at the vacci-
nation site. Due to communities’ participation in the planning, they became aware
that vaccination is not a governmental matter alone. Indeed, they asked for suf-
ficient information on vaccination and other health topics. The project developed
pictograms and short movies for convening health messages to beneficiary groups.
An artist with nomadic background elaborated images adapted to the cultural and
educational background. One movie was shot with nomadic actors, a second with
professional comedians. In a third movie, highly respected people from the three
ethnic groups explain in their mother tongues the importance of vaccination for
people and animals. Images and movies were shown before und during vaccination
campaigns with ample time for questions and clarifications. Because communities
were informed about the nature of vaccines, a rumour that seems to be spreading
in Sahelian countries, on a so-called ‘sterilising virus’ disseminated by vaccination,
did not affect our campaigns. The information campaigns can be further capitalised
by adding information on livestock management (e.g. diseases, sustainable grazing
management) and by encouraging people to seek professional care when they and
their children require it.

17.6 Element 5: Subsequent Activities

Research and action activities triggered community initiatives on education. Once
the Fulani had acknowledged that education facilitates knowledge transfer and nego-
tiations of their own interests, they were encouraged to build a school and appoint
a teacher. The programme was asked for support to strengthen the education. An
ongoing cooperation with the UNICEF Chad project on education for nomads and
funding to help start up, provided by STIs support group, allowed the expansion of
this project.

Fund raising for research and intervention, and report writing was time consuming
for all researchers involved. The driving force was the stimulating motivation of all
stakeholders, enhanced by the mutual learning feedback from stakeholders. A holistic
approach is increasingly considered essential for successful medical practice (Flinter-
man et al., 2001) and appreciated by funding agencies. The Swiss National Center
for Mycobacteria in Zurich and the Institute for Veterinary Bacteriology in Berne
openhandedly provided needed external expert knowledge and capacity building.

The National Centre of Competence in Research (NCCR) North–South is a joint
venture of eight Swiss research institutes and their international partners. In 2001,
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the extended programme on health of nomads was integrated within the individual
project 4, ‘Health and Well-being’, of this new research programme. It promotes ex-
plicitly transdisciplinary research and multilevel stakeholder approaches to increase
the acceptability of solutions in concrete contexts. The Swiss National Science
Foundation (SNF) and the Swiss Agency of Development and Cooperation (SDC)
each fund half of the budget. SDC specifically asks for societal consent and options
of action are tested within research projects. The research programme focuses on
similar combinations of core problems of non-sustainable development (a total of
18) that can be found in different contexts and thus facilitates the extrapolation of
results obtained from one context to others (Hurni et al., 2004). In semi-arid areas,
increasing pressure on land and competition for fertile spaces and water resources
between nomadic and sedentary populations leads to conflicts that can no longer be
resolved by the traditional legal systems alone. By networking within the NCCR
North–South with its broad development oriented research alliances, the study by
Fokou et al. (2004) showed the required institutional determinants for securing ac-
cess to health care for nomadic pastoralists. Since only pastoralists with enough
means can maintain a mobile lifestyle, the study by Ould Taleb et al. (2006)
examines social networks and access to social services of impoverished and set-
tled pastoralists in Mauritanian shanty towns. Chadian, Cameroonian, Malian and
Mauritanian researchers perceived South–South collaborations as very motivating
and fruitful. Core problems raised by the communities will be central to identifying
avenues for sustainable development.

17.7 Recommendations

The problem oriented programme aiming at improving access to health care for the
nomadic pastoralists of Chad started with very little information on important health
issues or daily use of health services. The health and veterinary authorities wel-
comed and assisted the search of innovative ways to reach more efficiently the ‘hard
to reach’ communities that were virtually excluded from primary social services.
Nomadic communities wanted better access to particular western-type medical care
for their families and their animals. The simultaneous inclusion of the health of
livestock – the most important element in the livelihood of nomadic pastoralists –
was certainly an advantage of the new initiative in comparison over other projects
reaching pastoralists.

The objectives in the research protocols were formulated flexibly so that the first
baseline studies would provide an overview of the involved health related topics and
elucidate the relevant issues from the perspectives of public health and the commu-
nities. Important public health diseases may not be perceived as such by individuals
and communities, while less important diseases may be seen as important. Facili-
tating elements for the interdisciplinary research group were the formalised institu-
tional arrangements with emphasis on capacity building in Chad and in Switzerland
as well as on transparency between partners. Researchers were challenged to cross
the boundaries between human and natural sciences to generate research results
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that could not have been attained using a disciplinary or sectoral approach alone.
University curricula rarely enable scientists to communicate with other disciplines
and researchers first needed to acquire their own experiences and skills.

Once first actions of the programme became visible, a true basis of trust was
established between communities and researchers. The programme became the in-
terlocutor between them and the authorities and the communities were empowered
to take their own initiatives. In parallel, the openness of researchers and authorities
to the problem stating and organisational skills of communities increased. An exter-
nal review with emphasis on roles and benefits of all stakeholders helped to identify
gaps in the ownership building process.

The long-term commitment of all partners, the transdisciplinary framework of
the NCCR North–South, an interdisciplinary North–South research group with
formalised institutional agreements allowed: (1) the generation of generic new
knowledge on ill health and daily use of health and veterinary services by hard
to reach groups; (2) the sharing and disseminating of research results among all
stakeholders; (3) the establishment of bridges between research results and their
application; (4) the improvement of primary service delivery to nomadic peo-
ple; and (5) the raising of awareness among policy makers and donors of liveli-
hoods and problems of the poor and vulnerable groups. The last point led to
an upcoming interministerial workshop, led by the Ministry of Planning, inviting
representatives of eight ministries, to elaborate the technical, institutional, finan-
cial, and political factors needed for sustainable implementation of intersectoral
services.
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Chapter 18
Sustainable Prevention of Water Associated
Infection Risks: An Awareness Campaign
Using Visual Media

Anne Luginbühl

Abstract Water-skin contact associated infections constitute a considerable por-
tion of the most important parasitic infectious diseases in tropical and subtropical
environments, with significant public health and economic consequences. Though
these diseases have been recognised as ‘diseases of behaviour’ for many decades, an
essential approach to reduce their incidence, namely changing attitudes to infection
risk situations, has been largely neglected.

It was thus the aim of this project to develop an awareness campaign to minimise
infection risk situations at the waterside. The awareness campaign is focused in a
local setting endemic for water-skin contact associated infections, mainly schisto-
somiasis and soil-transmitted helminthiasis (STH). It is based on the assessment
of environmental features, socio-cultural and behavioural factors of local popula-
tion groups, which affect the transmission of schistosomiasis and STH. Local com-
munication patterns and information sources are evaluated, to help the awareness
campaign reach its target. Accordingly, a transdisciplinary approach, taking into
account all these diverse aspects, has been adopted. This required the collaboration
of researchers from the natural, socio-cultural and communication sciences, local
health and media workers, and members of the community at risk.

The studies revealed that schistosomiasis and STH are not known to the targeted
population groups, though they are endemic to the region. Therefore, defecating at
the waterside where people swim, fish or wash clothes and dishes, is common. Using
sanitary structures is not perceived as an efficient health care strategy. The visual
medium of TV turned out to be a suitable way of bringing the awareness campaign
to the mostly illiterate members of the target population. Animated cartoons in the
form of ‘TV-spots’, alerting people to the infection risk situations caused by partic-
ular activities at the waterside and the possibilities for avoiding these activities have
been developed.

The project was run in cooperation with a comprehensive programme for inte-
grated control of human parasitoses in the region of Man in western Côte d’Ivoire.
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18.1 Background

Worldwide, one third of all deaths are due to infectious diseases. After malaria,
schistosomiasis and STH are the second most important parasitic infectious diseases
in tropical and subtropical regions with significant public health and economic con-
sequences (WHO, 2002). Schistosomes and soil-transmitted helminths (STHs) are
passed with human faeces or urine, develop in the water and in the humid ground
along the shore and penetrate the human body, on contact. Environmental changes
and ecological transformations, due to the construction of water resource schemes
to meet the rising energy demand and agricultural requirements for development
in tropical and subtropical countries, have led to the increase in transmission of
schistosomes and STHs and have expanded their range into new areas (Chitsulo
et al., 2000).

Control of disease transmission used to focus on environmental management and
the control of morbidity was through patient treatment. Integrated control strategies,
including the control of biological agents, treatment of patients, as well as envi-
ronmental improvements, basic sanitation and health education have been recom-
mended for a long time. In 1995, Kloos pointed out: ‘The prevalence and intensity of
schistosomiasis and the potential for control are largely functions of the interaction
of social, cultural, behavioural, geographical and economic factors in a given area
with local and regional ecological and environmental factors’. Preventive and con-
trol measures that are restricted to eliminating the biological agents, treating patients
and implementing sanitary structures are often unsuccessful because they require
investment in education and socio-economic improvements. As human parasitoses
are considered ‘diseases of behaviour’, changing attitudes to infection risk situa-
tions is essential. Therefore health education, increasing the awareness of infection
risk situations and the possibilities for avoiding them, are essential for effective and
sustained control programmes. Nevertheless, chemotherapy is still seen as the back-
bone of morbidity control for schistosomiasis and STH, today and for the future, as
Utzinger and Keiser show in their review paper (Utzinger and Keiser, 2004).

This project contributes to the longer-term priority of a more effective control
strategy: the avoidance of infections, only achievable through health education –
communication, information and awareness – in order to promote behaviour change
and to develop preventive attitudes. This must happen because the dependence on a
few drugs is an alarming situation – particularly in view of growing resistance – and
because the never ending struggle with drugs against symptoms cannot be the aim
of sustainable disease control. Chemotherapy will remain an important possibility
for controlling acute mortality cases, but it should not remain the backbone of mor-
bidity control for some of the most important ‘behavioural diseases’ that exist to-
day. Chemotherapy as the backbone of disease control should be replaced by health
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education (communication, information and awareness), aiming at a prevention of
infections and – complemented with socio-economic improvements and sanitary
structures – making the treatment with drugs unnecessary.

Few previous projects have succeeded in developing integrated socio-cultural and
educational frameworks to promote awareness, prevention and control of water-skin
contact associated infections. The beliefs, attitudes, behavioural patterns, knowl-
edge and misconceptions of local populations and the ecological features inherent
to each environment were not taken into consideration (Kloos, 1995). Moreover,
already existing health education material hasn’t been successful in limiting of in-
fection risk situations, as the targeted population groups often have no access to
education and are unfamiliar with the interpretation of health education materials
(based on an explanation of the transmission cycle or in the measures people should
adopt to avoid contact with schistosomes and STHs). In these situations the infor-
mation becomes useless (Schall and Pinto Diniz, 2001).

It was thus the aim of this project to develop an awareness campaign, aimed at
changing water use behaviour in order to minimise infection risk situations at a spe-
cific local setting. At the same time, the project offers a complementary possibility
of preventing human parasitoses (especially schistosoma and STH infections) in the
framework of an integrated control.

The awareness campaign, educating people about infection risk situations and
their avoidance, is thus the synthesis of the natural and socio-cultural background
of the complex of human parasitoses. The natural background – the ecological and
medical context – leading to an expansion of schistosomes and STHs, is well known
in the literate world. However, epidemiological studies show that millions of people
in the high risk areas become infected again and again, with significant health and
economic consequences. Therefore, the population’s socio-cultural, behavioural and
economic background has to be considered in the development and implementation
of health education material. Only the essential interaction of all these diverse dis-
ciplines can lead to a reduction of the infection risk situations that confront people.

The project, described in detail by Luginbühl (2005), is part of a comprehensive
programme concerning an integrated control of human parasitoses in the region of
Man in western Côte d’Ivoire. Besides the development of an awareness campaign,
it includes epidemiological surveys and studies regarding an enhancement of the
understanding of demographic, ecological, environmental and socio-economic fac-
tors that influence disease distribution in the whole region. This knowledge base
will facilitate the creation of risk maps and predictions of parasitic infections. A
comprehensive geographical information system for the region of Man, including
environmental data obtained from satellite imagery and digitised maps, has been
established. The findings contribute to the planning of integrated control strategies
of several human parasitoses, in particular schistosomiasis and STH, by providing
risk maps that can guide decision makers in the region of Man, western Côte d’Ivoire
(Raso, 2004). The programme involves the collaboration of diverse targeted popula-
tion groups, health and public media workers in the region of Man and in Abidjan;
the University of Cocody (with the Institute of Ethno-Sociology and the Depart-
ment of Biosciences) and the Centre Suisse de Recherches Scientifiques in Abidjan
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(Côte d’Ivoire); the Swiss Tropical Institute in Basel (Switzerland) and the Univer-
sity of Bern, Switzerland (with the Institutes of Geography and Infectious Diseases).
The project work lasted from 2002 to 2005.

18.2 Problem Identification and Problem Structuring

Due to the complexity of mutual relationships surrounding parasitical infectious
diseases, the concept of the awareness campaign is based on a transdisciplinary ap-
proach, which considers the diverse environmental and socio-cultural aspects. This
takes into account the local population’s knowledge, explanations and perception
of morbidity concerning parasitic infectious diseases related to water bodies. Other
conditions to be considered are environmental factors: existing water points, water
quality, and existing sanitary structures – as well as knowledge about infection risk
situations – leading to a specific behaviour at the waterside. The following questions
have to be assessed accordingly: How does the population concerned behave at the
waterside – with special focus on infection risk situations – and what are the reasons
for a specific behaviour? The local communication patterns, the chance of local me-
dia reaching the population and the population’s perception of the health education
material and information strategies in general, have to be assessed in relation to
whether the awareness campaign will reach the focus group. Suggestions from the
population groups concerned, local health authorities, teachers and media workers,
regarding an improvement of the water situation and the quality of information con-
cerning health care strategies for the community at risk, have to be considered and
integrated.

Considering all these diverse aspects is essential for an effective control pro-
gramme, and presupposes the collaboration of all the social players involved in
the network of transmission. The community at risk is one of these social players
involved in disease transmission and in the dispersal of knowledge, as well as the
focus for the awareness campaign. The community participates by contributing its
expertise, to the development of the programme: mothers of school and pre-school
children, as well as older women, traditionally responsible for health, are a key tar-
get group for health education. Mothers’ role in the care and education of children,
gives women a central position as health promoters at a grassroots level. Moreover,
women play a major role in domestic water management in areas where safe water
and drainage are not available in the house. In these settings, women are typically
responsible for collecting, storing, and using water and for disposing of wastewater
(Watts, 2004). Another important social group with regard to health education are
the children who are the most heavily infected group in most schistosomiasis en-
demic areas: children have not yet acquired good hygiene habits, and rivers, lakes
etc. are intensively used by this age group, especially in economically deprived ar-
eas, where few leisure options are available. Children are the most effective group to
target to bring about a sustainable change in human attitudes and behaviour in order
to minimise infection risk situations at the waterside. Moreover, children act as links
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to their families and the community by passing on their knowledge and so helping to
generate change. In communities with high illiteracy rates, school children can act as
agents for the diffusion of health education messages. Accordingly, the rural school
and above all the rural teacher is an important route for the dissemination of infor-
mation (Schall and Pinto Diniz, 2001). The school and the community are crucial
to the success of health promotion and contribute to the prevention and control of
diseases. Due to its representativeness, the school atmosphere can offer favourable
conditions for the changing of attitudes and the understanding of new alternatives
by individuals and communities (Massara and Schall, 2004).

Other social players involved in the network of disease transmission are the pol-
icy makers: initially, it was agreed with the national health ministry of Côte d’Ivoire
that the intention of our project would be coordinated with ongoing national health
care projects. Contacts were established with the School of Arts, the Institute of
Communication Sciences and Techniques (ISTC) and the national radio and TV
station (RTI) in Abidjan, Côte d’Ivoire, regarding collaboration during the transla-
tion and implementation phase of the planned awareness campaign.

From the beginning of the project – besides the exchange with scientific African
and European collaborators on the trail of the environmental, ecological and epi-
demiological aspects of the schistosomiasis and STH complex – a parallel and syn-
chronised process involved the integration of local actors (mainly health providers,
public media workers and representatives of the general population) as partners in
critical discussions.

18.3 Problem Investigation

The study area was situated in the rural and hilly region of Man in western Côte
d’Ivoire, West Africa. The whole region is characterised by a dense hydrological
network of permanent and temporary rivers, shallows and damp zones. The popula-
tion is composed of seven main ethnic groups and many others. Each of them uses
its own local language. About 70% of the population lives from agriculture and the
majority is illiterate. The town of Man and the surrounding villages and settlements
are endemic for Schistosoma mansoni and STH infections, particularly hookworms
(Utzinger et al., 2000, 2003). Consequently, since 2000, district health authorities
have implemented a programme to improve access to treatment. The programme
primarily targeted the school-age population, with the aim of controlling morbidity
among this high-risk group. Due to socio-political unrest commencing in September
2002, treatment campaigns had to be interrupted.

In collaboration with regional health and community authorities, two villages
(Mélapleu with the main ethnic group Yacouba, and Zouatta II with the main
ethnic group Wobé) were chosen for in-depth study. The selection of the villages was
based on their demographic, socio-economic, sanitary and water resource structures
(which were representative for the region), on the community interest in the project
and on the intention of the village authorities (the school directors, teachers and the
villagers in general) to cooperate.



298 A. Luginbühl

In an epidemiological survey, conducted in Zouatta II in May 2002, high fre-
quencies of S. mansoni, hookworms, P. falciparum, and several intestinal protozoa
were found, and polyparasitism was very common. The overall real prevalence of S.
mansoni was 39.8% and the overall real prevalence of hookworms was 45% (Raso
et al., 2004a).

To do justice to the knowledge gaps to be filled, diverse qualitative and quanti-
tative methodologies involving the different social players and developed through
different disciplines were used and integrated.

These were Focus Group Discussions (FGDs) and semi-structured interviews
with different groups of women, school directors, teachers and traditional health
workers about the local population’s knowledge, explanations and morbidity per-
ceptions concerning parasitic infectious diseases related to water bodies. The dis-
cussions also covered water use behaviour, communication patterns and local media
as sources of knowledge. Discussions and interviews with different social groups
allowed for the exploration of the same research topics from different perspectives.

Another method of assessing the local people’s behaviour at the waterside was
used in the ‘Drawing Project’: primary schoolchildren were asked to draw them-
selves and their family members at their different daily activities with particular
consideration to water contact. Several children volunteered to explain their draw-
ings in front of the camera. They were asked to explain the meaning of their draw-
ings and the health problems they are confronted with. The drawings were analysed
according the ‘Content Analysis’ by Rose (2001). The aim was to evaluate how the
different family members and the children artists themselves were in contact with
water, if and how they were protected against water-related infectious diseases and
if different activities were taking place at the same water point. A further aim was to
evaluate the effectiveness of using children’s drawings as a method, in this specific
context (Egger and Thoma, 2006).

Quantitative questionnaires to assess demographic, socio-economic (e.g. presence
of sanitary structures and water and information sources), morbidity risk factors and
perceived morbidity indicators were administered in Zouatta II. The questionnaires
were developed and adapted to the current setting after discussions with local field
assistants who were designated by the village chief and his authorities. During a
one-day workshop, the assistants were trained to interview household members and
to fill in the questionnaires. All individuals involved in the survey were screened
for S. mansoni, STHs and intestinal protozoa as well as for malaria parasites by a
collaborating epidemiology-research team. In cases where infection was present the
individuals were treated according to current national public health guidelines of Côte
d’Ivoire.The relationship between self-reportedmorbidity indicatorsand theeffective
infections of an individual have been assessed (Raso et al., 2004b).

Notes, photo and video recording documented all fieldwork. After having ob-
tained the permission of the communities concerned, photos and video records of
the village life with special focus on activities at the waterside and the environ-
ment were taken. The people welcomed being photographed and filmed and did not
seem to be distracted from their natural behaviour by the photo and video camera.
Existing health education material and advertising in the public space has been
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documented and analysed. Observations made in the field, information obtained
by key informants and during spontaneous contact with the population, discussions
with researchers from different disciplines familiar with the research context, artists
and social assistants, familiar with the local culture, have been registered. These
included regular meetings and coordination with local health workers of the regional
health centre ‘Grandes Endemies’, the project ‘Water – source of life and develop-
ment, Man’, and the regional radio station ‘Radio Man’, that produced broadcasts
about health care in cooperation with the village communities. The field notes, photo
and video documentation have been triangulated and integrated with all the other
methodologies and data.

The different methods, approaching the same scientific objectives and directed
towards the enrichment and completion of the findings, were administered simul-
taneously (Flick, 2000). However, the main part of the data acquisition is based on
the qualitative methods rather than the highly structured methods. The qualitative
methods permit the researcher to be guided by the logic of the target population
groups (Groupe de recherche Chari, 2001).

18.4 Baseline Results

The following main conclusions can be drawn with respect to the questions addressed
by the project: schistosomiasis and STH – with their specific transmission through
skin contact with contaminated water bodies or soil – are not familiar to the popula-
tion groups concerned, though they are highly endemic in the region. They are often
diagnosed as diarrhoea, dysentery and ‘general worm infections’, diseases which are
mostly linked to dirty drinking water, poor nutrition or witchcraft. People have already
been made aware of the fact that clean drinking water is important for their health
because it protects them from various diseases. If there is no pump providing clean
water in the neighbourhood, and if time and personal conditions allow, people get their
drinking water at so called ‘water sources’. These provide relatively clean water, but
are often far from the dwellings. As alternative, people filter or boil the water from
the rivers and pools before drinking. Inertia, tiredness or lack of available time can
prevent people undertaking the long trip to get clean drinking water or to process their
drinking water, even when they understand the importance of these procedures to their
health. Therefore, getting clean drinking water is a simple analysis of costs against
benefits, depending on how inevitable, immediate and significant the health problems,
resulting from drinking dirty water, are perceived.

However, people do not realise that clean drinking water alone does not protect
them against schistosoma and STH infections. This means that there is no knowl-
edge or awareness of the necessity of not defecating at the waterside or into the water
where people swim, fish or wash clothes, even if they do not drink it. Accordingly, an
analysis of costs against benefits can be made for the choice of place for defecating
and urinating. If there is no advantage perceived in not defecating near or into a
water body where people swim, fish or wash clothes – because people are not alert
to the risk of infection resulting from this behaviour – no efforts are made to build
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more latrines or to maintain existing ones and it is considered unacceptable to travel
a bit further to reach a latrine. Therefore, there should be information available to
alert people about schistosoma and STH infections and how they are transmitted!

Existing health education (e.g. about Aids) reaching the rural villages through
radio and TV programmes, is mostly communicated in the French language. There-
fore, it doesn’t reach the illiterate members of the target group. The people con-
cerned wish to view health education programmes presented by their peers (for
identification purposes) and in their own language. Moreover, images are perceived
as more attractive than solely spoken or written information. A suitable method
of carrying out an awareness campaign is through moving pictures, using visual
elements that the local population can identify with. An appropriate medium for
conveying these is the TV, which reaches a large proportion of the targeted popula-
tion. The TV is not as widespread as the radio: 27% of the households in Zouatta II
own a TV, 63% a radio (Luginbühl, 2005). According to a regional survey, one in
five schoolchildren reported to have a TV and more than half of the schoolchildren
reported to have a radio in their household (Raso et al., 2005). In fact more people
have access to TV programmes: TVs are running in the evening when everybody
comes back home from the daily work outside the villages. Parents and neighbours
meet in front of a TV, which means that people have access to a TV even if they live
in a household without one. TV watching is a social event.

18.5 Concept of an Awareness Campaign

In accordance with the baseline results and to an analysis of literature about existing
health education material, the concept of an awareness campaign to influence the
behaviour at the waterside of the population groups concerned, and to limit infec-
tion risk situations, has been developed. The main medium is animated cartoons in
the form of TV-spots. Two main points fundamentally differ from previous health
education material: (1) The animated cartoons are without vocal or written text. The
information is conveyed by pictures only. Therefore, comprehension and identifica-
tion work for illiterate people and for more than one ethnic and language group at
the same time; (2) As the people at risk of infections with schistosomes and STHs
do not see the parasite or its penetration of the intact skin, neither the parasite nor its
biological development cycle is shown in the TV-spots. On the other hand, the cause
and the consequences of an infection are shown through the different daily activities
at the waterside that constitute an infection risk – performed by different actors and
actresses – abstract cartoon figures that the local population can identify with.

As an awareness campaign is more effective when the messages are specific and
unambiguous, the TV-spots are as simple as possible – graphically and in content:
Each sequence shows the same simple and easily identifiable scene: a house, a la-
trine and a water point. The message is reduced to the two statements: defecating at
the waterside means that people who come in contact with this water feel sick, and
using the latrine means that people who come in contact with the water feel well
(Fig. 18.1).
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Fig. 18.1 Sequence of one possible story out of the TV-Spot series: The left side shows a boy
in his local school uniform walking to a water point to defecate. Later on his mother washes the
laundry at the same water point. Returning home she feels sick. The right side shows the possible
alternative to this hygiene behaviour. The boy running to the water point for defecating becomes
aware that it would be better to use the latrine. He turns around and runs towards the latrine to
defecate. Later on his mother washes the laundry at the water point, now not contaminated with
faeces. Returning home she feels well
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The actors and actresses enter the scene in independent sequences. Each sequence
tells its own story (concerning the activity of the second figure entering the scene:
swimming, fishing, washing clothes etc.), conveying one of the two messages men-
tioned above. A sequence lasts less than 60 seconds. The animated cartoons are
broadcast individually and alternately on TV, before and after the ‘news’, in the
course of an advertising block or programme break.

The TV-spots are designed to be broadcast over a period of time in order to
achieve an understanding of the need to change behaviour – the importance of us-
ing latrines instead of defecating at the waterside – for the benefit of everyone’s
health. The long lasting TV-spot awareness campaign influences viewers subcon-
sciousnessly, to change their behaviour. Once, people have accepted the need for la-
trines, a programme establishing sanitation facilities could be successful. In a further
step, complementary print media – with additional information about the ‘biological
cause’ of the specific ‘health problems’ and the course of the diseases – adapted to
different local platforms such as schools and health centres, are to be added. They
will address the conscious perception of the population and the cognitive thinking of
the public. For the purpose of recognition the complementary media uses the same
visual elements.

18.6 Recommendations

The project focused on the realisation of an awareness campaign, aiming to limit the
infection risk situations at the waterside. It started with very little information about
environmental, socio-cultural and behavioural factors, all of which affect water-skin
contact associated infectious diseases. Therefore, community participation was es-
sential to the development of an effective awareness campaign. The target popula-
tion, acted as experts concerning the environmental, socio-cultural and behavioural
factors that lead to infection risk situations at the waterside. Social workers and
researchers, on the other hand, knew the ecological and epidemiological context
that favours water-skin contact associated infections. Therefore, during the investi-
gation phase, the collaboration between the population groups, social workers and
researchers allowed the exchange of information and mutual learning, as well as
an increase in awareness of the problem to be solved. Moreover, the community’s
suggestions and assistance in the design of health education material ensured that
the information is understood to the target group. The contribution of women turned
out to be very significant as they showed great interest in participating and helping to
implement health education strategies. They were very receptive concerning health
problems, the infection risks that their families are confronted with at the water-
side, and to the respective prevention strategies. Children were another important
social group in the implementation of health education programmes. They live in
the heart of a community, perceiving all the different daily activities from the inside.
As they are accompanying their mothers, fathers, brothers and sisters, grandparents
and neighbours during their daily work in and around the villages, they become wit-
nesses to activities that researchers only know through long term observations, or not
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at all. Therefore, the drawing project turned out to be an effective and fast method of
assessing the waterside activities of different community members. Within the com-
munity, trust was established between the community members and the researchers
allowing successful collaboration. Community authorities were convinced of the
importance of the project’s aim to reduce the parasitic disease burden and the subse-
quent improvement in living standards so the project workers were welcome in the
community.

In order to implement the awareness campaign in different high risk cultural
regions, the different visual elements are to be adapted to each cultural setting. The
consideration of local visual perceptions is a prerequisite for a visual awareness
campaign and the engagement of local designers and artists can contribute to the
target public identifying better with the content.

An awareness campaign has to repeat its message over a long time period for
it to have a subconsciousness influence on the target group, to achieve a sustain-
able behaviour change and thus to limit infection risk situations. Periodic evaluation
of the effects of the awareness campaign can lead to required adaptations. Within
the framework of a research programme lasting three to four years the effect of an
awareness campaign to change behaviour at the waterside and a subsequent reduc-
tion of infections – through the successful implementation of sanitation facilities and
socio-economic improvements – is difficult to evaluate. A long-term commitment
by all stakeholders, including local policy makers, is needed to achieve a reduction
of infection risk situations. This precondition for a successful implementation and
outcome of an awareness campaign is not easy to achieve in a politically unstable
region such as Côte d’Ivoire.
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Chapter 19
Behavioural Sciences in the Health Field:
Integrating Natural and Social Sciences

Bettina F. Piko and Maria S. Kopp

Abstract The main goal of this project has been threefold: first, to create an
integrated course system under the name ‘Behavioural Science’ in which students of
medicine and health sciences are provided with a set of social and behavioural sci-
ences applicable to medicine; second, to develop a health status monitoring system
by means of two surveys (Hungarostudy which collects data on the health status
of the Hungarian adult population, and South Plain Youth Study which gathers
data on the health status of the adolescent population); and third, to apply the-
oretical knowledge and empirical research results in the field of practice. In this
case, practical prevention programmes and skills development training are planned
and implemented. The phases are built on each other and multiple feedback sys-
tems are used to integrate them into a joint transdisciplinary project. The methods
contained six main steps: (1) to collect the most relevant statistical data about the
population’s health status, health needs and professional and public knowledge; (2)
to apply a biopsychosocial approach to evaluate the statistical data and understand
its background; (3) to introduce the biopsychosocial model in medical/health sci-
ence courses; (4) to carry out surveys to collect information on the psychosocial
aspects of the population’s health status, based on the biopsychosocial model; (5)
to evaluate data from the surveys (Hungarostudy, South Plain Region Youth Study)
and to develop prevention programmes and skills training; (6) to get continuous
feedback from prevention programmes, including the updated statistical data.

A system based theory was applied which provided a line of theories which con-
tributed to the development of a systematic concept of transdisciplinary research.
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19.1 Background

After a century of successive global transformations in mortality and morbidity
schedules, new challenges to health have arisen to erode the vision of progres-
sive health security (Worthman and Kohrt, 2005). There is a requirement for a new
paradigm to handle transdisciplinarity in the health field. Our project ‘Applying Be-
havioural Science in Medical Schools’ was designed to meet this requirement by in-
volving two different paradigms (natural and social/behavioural science paradigms)
in both theory and practice – from research through education to health promotion.
The transdisciplinary approach is based on the application of the biopsychosocial
model. Programme evaluations are made at different levels of the project. Future
research should use a longitudinal design to evaluate the role of a long term trans-
disciplinary appoach in the health field.

The biopsychosocial model has brought about changes in both medical educa-
tion and medical practice. Hopefully, these changes are so intensive that they will
lead to a new medical paradigm. Because of its complexity, behavioural medicine
should become an integrated scientific field at the crossroads of the natural and
social/behavioural sciences. The cultures of medicine (objectivity versus subjectiv-
ity, quantitative versus qualitative) meet here. In modern medicine, the introduction
of the natural scientific paradigm in the 20th century was a great development. At
present, a similar acceptance of social/behavioural paradigm should be necessary.
Diagnostic procedures are based on the natural scientific mechanism which enables
us to make an exact diagnosis of the body and bodily processes. However, the pa-
tient’s body is also heavily influenced by his/her psychosocial processes. We need
different types of investigations to detect the patient’s psychosocial state.

Applying behavioural science in the health field has always been a challenge
(Piko and Stempsey, 2002). Not only modern medicine but also traditional medicine
see the process of healing and dealing with health and illness in general as be-
longing to natural and social/behavioural science paradigms. Our project ‘Apply-
ing Behavioural Science in Medical Schools’ deals with the implementation of this
double-bind paradigm, which is rooted in both theory and practice (Weidner et al.,
2002; Fig. 19.1). The project contained a research phase, measuring the health status
of the population; an educational phase, applying research results in the courses for
medical and other health science students; and a practice phase, developing skills
and prevention programmes based on the research results. The transdisciplinary
approach provides a good rationale and framework for this application. While the
natural science paradigm suggests that we should find objective facts and quan-
tifiable data, the social/behavioural science paradigm suggests that we should find
additional, narrative, and in many cases non quantifiable data, which helps develop
an integrated approach to health and illness in society (Wulff, 1999).

A system knowledge approach (Stokols, 2000) is applied, called a ‘biopsychoso-
cial’ model of human processes. This holistic view had been introduced during the
ancient Greek times but scientific investigations and empirical justifications were
not provided until the 1970s (Engel, 1977). The biopsychosocial model emphasises
that external and internal, genetic and environmental, somatic and psychosocial
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Fig. 19.1 The six steps of the research process

factors are all important in determining health and inducing disease (Cohen et al.,
2000). In addition, within this integrated system, each subsystem (biological, psy-
chological and social) may affect, and may be affected by, every other subsystem.
Applying the biopsychosocial model in medicine, and the health field in general,
makes it possible to understand human beings from their molecular or cellular struc-
ture and psychological functioning to their social and socio-cultural background.
Not surpisingly, the World Health Organisation (WHO, 1984) has defined human
health in terms of combined biological, mental and social well-being with relation
to environment.

Although this project is primarily based on a health promotion issue, it may also
be of interest to others who carry out transdisciplinary projects in a broad context
of the medical field or elsewhere. For example, the system based theory provides
a line of theories which contributes to the development of a systematic concept of
transdisciplinary research. The integrated system emphasises the need for a com-
plex approach to human systems. In addition, the planning process involves several
steps which would be useful in other areas. The multilevel evaluation process also
provides a useful insight into the project, in terms of strengths and weaknesses,
opportunities and threats.

Our project focuses on the health issues although with a different approach from
the traditional biomedical model. In addition, our project is an experimental devel-
opment in Hungary: it goes beyond the traditional views and represents an inno-
vative development. Therefore, the development and introduction of the project is
not without difficulties. In this case, the description of the project should also be of
interest to those who carry out unusual, innovative work in a specific field, not only
in the medical field.

Figure 19.1 shows the model of our project. Overall, the project bridges the gap
between a current health problem (that is, poor health status of the population) and
prevention measures, via training of medical students. It involves six steps:
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1. Collecting the most relevant statistical data, about the population’s health status,
health needs, professional and public knowledge, which serves as a basis for
prevention strategies.

2. Recognising the need for a biopsychosocial approach to evaluate the statistical
data and understand the background.

3. The introduction of the biopsychosocial model in medical/health science courses
for medical students.

4. Carrying out surveys to collect information about the psychosocial aspects of the
population’s health status, based on the biopsychosocial model.

5. Evaluating the data collected from these surveys (Hungarostudy, South Plain
Region Youth Study) and basic statistical data about the population’s health in
the light of the previous model.

6. Based on the empirical data, prevention programmes and skills training are to be
developed (partly for medical students and partly for the population).

In addition, there is continuous feedback from prevention programme and the up-
dated statistical data (from steps 1 to 6): that is, a new cycle is to be started when
the programmes are ready.

19.2 Health Status of the Hungarian Populations

In the late 1980s Hungarians had the lowest life expectancy in Europe and the high-
est mortality rate due to accidents, suicide, gastrointestinal disease, heart disease and
neoplasm (Cockerham, 1999; Forster and Józan, 1990; Kopp et al., 2004a). Even
when compared with other central or eastern European countries, the data from
Hungary are a cause for concern. For example, the life expectancy of males in 1990,
in selected European countries were: Hungary (65.1 years), Czech Republic (67.6
years), Bulgaria (68.0 years), Poland (66.5 years), Romania (66.6 years), Sweden
(74.8 years), United Kingdom (72.9 years) (Piko, 2004). We assume that the lack
of a behavioural science approach to both education and health promotion practices
might have contributed to this situation in addition to the economic gap between
‘east’ and ‘west’.

19.3 Need for the Biopsychosocial Model

The first Institute of Behavioural Sciences was founded in 1991 in Pécs. In 1993,
the Institute of Behavioural Science at Semmelweis University of Medicine, the
largest and most internationally recognised institution in Hungary, was founded
in Budapest. The Institute has subdepartments for each area of behavioural sci-
ence: psychosomatic medicine, health psychology, medical sociology, bioethics,
medical anthropology, communication studies. These subdepartments teach the
different branches of behavioural science separately but all apply the interdisci-
plinary, integrative, biopsychosocial paradigm, in a system approach. A Handbook
of Behavioural Science was published in 2001, and provided information about the
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interdisciplinary approach to the public. This model is present at different levels of
teaching: the undergraduate level (for medical and health science students), the post-
graduate level (postgraduate training for specialists, and teachers) and the doctoral
level (Ph.D. programmes in behavioural science for both medical and non-medical
graduates).

These departments are integrative, not only in teaching, but also in their im-
portant transdisciplinary task of transferring survey results into practice. During
our courses, research findings from the two presented surveys are usually used to
demonstrate psychosocial aspects of the health status of the Hungarian population.
There are specific requirements for students to develop small-scale projects, which
include these data, as a method of practicing concrete prevention work. These cross-
sectional surveys are repeated in every second or fourth year allowing monitoring
system may also be set. This method of teaching project management means that
transdisciplinarity is alive in everyday practice.

If we analyse the relationship between system parameters and norms across dif-
ferent problem contexts, we may conclude that the societal norms support such a
transdisciplinary project. For example, there is rising public dissatisfaction with
personal health and the health care services provided. Despite these values and
norms, the acceptance of behavioural science by natural scientists working in med-
ical schools is still low in some places (Brook et al., 2000; Margolis et al., 1987).
All these problems highlight the limitations of the biomedical perspective.

The research process needs strong and continuous cooperation between be-
havioural scientists and non-scientists (teachers, public health experts, health policy
experts), as well as between scientists from natural and social/behavioural sciences.
This process involves multiple feedbacks and systematic evaluations (see Fig. 19.1).

19.4 Introduction of the Biopsychosocial Model

The biopsychosocial model has been a focal point for the development of a be-
havioural science approach to medicine (Engel, 1977). Engel, one of the prominent
propagators of the biopsychosocial model, emphasised that external and internal,
genetic and environmental, somatic and psychosocial factors are all important in
determining health and inducing disease. His biopsychosocial model was a corner-
stone in medical education and practice in a broader sense. Applying the biopsy-
chosocial model in medicine makes it possible to understand human beings from
molecular or cellular units to societal levels. Engel’s model has led to an attitude
change in medical practice; moreover this process should lead to a new paradigm
in medical sciences (Sallis et al., 2000; Piko and Stempsey, 2002). Due to its com-
plexity, medicine should become an integrated scientific field, at the crossroads of
the natural and social sciences, needing a transdisciplinary approach.

In the project, both academic and programme experts are involved. Firstly, aca-
demics from faculties in the medical schools in Hungary, are active participants in
the preparation of developing course curricula. Secondly, surveys are planned and
carried out to get a data pool for the monitoring system. In this phase, academics
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play the leading role. Researchers in other fields, prevention programme managers
and researchers, are also involved, e.g. public health experts working in the field of
public health services at county levels, teachers and other health care workers. In
the third phase, experts working in the health field play the most active and decisive
role in implementing the theories and empirical data gathered in the surveys.

Various disciplines are involved in the project. All these are applied disciplines
and all apply social and behavioural science theories, concepts and empirical findings
integrated in theparadigm ofmedicineandhealthsciences (Piko andStempsey,2002).

- Medical psychology: applies psychological theoretical models and practical as-
pects in various fields of medicine and health care, e.g. doctor-patient encoun-
ters, health and illness behaviours, psychologically demanding situations such as
death and bereavements, dealing with health risks, etc.

- Medical sociology: applies various sociological theories (e.g. social inequalities,
deviance theories) in health and health care institutions.

- Medical anthropology: applies techniques of lay beliefs about health and illness
in detecting different aspects of individuals and societies in modern and archaic
cultures.

- Medical communication: communication studies applicable to doctor–patient and
other healthcare worker–patient communication.

- Medical ethics: involving questions regarding bioethical problems in healthcare
and everyday life. Many academics have an educational background in more than
one field, e.g. a medical sociologist with an M.D. and a sociology degree; a med-
ical psychologist who graduated from both medicine and psychology.

All these disciplines are integrated under the umbrella ‘Behavioural Medicine’,
which includes various disciplines and approaches, from prevention to hospice care.

The project also involves the introduction of the biopsychosocial model to non-
medical experts. This implementation needs an integration of different societal at-
titudes. Publications in the field of medical anthropology revealed that laypersons
had particular beliefs about the cause, significance and treatment of their condi-
tions: beliefs that sometimes lie outside the scientific paradigm of Western medicine
(Helman, 1991). Likewise, in many cases, a considerable gap exists between medi-
cal and non-medical experts’ perspectives on health and illness. Empirical findings
show that laypersons and non-medical experts in the health field tend to apply the
holistic (biopsychosocial) perspective while medical experts usually think of health
and illness in a biomedical perspective.

19.5 Surveys

Two interdependent survey programmes were introduced to collect data about the
health status of the Hungarian population. The main goal of these surveys is to
detect the interrelationship between psychosocial factors and the health status of
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the population. The ‘Hungarostudy’ is a national, cross-sectional survey that is
representative of the Hungarian adult population (over 18 years). It takes into
account sex, age, and the 150 subregions in the countries (Kopp et al., 2004b). A
clustered, stratified sampling procedure was developed by experts at the National
Population Register. In 2002, 12,643 persons were interviewed in their homes,
0.16% of the population older than 18. The refusal rate was 17.7%. The interviewers
were district nurses, and approximately one hour was spent in each home complet-
ing the questionnaires. Items varied from life meaning, psychosocial health mea-
sures (e.g. depression, WHO well-being scale, self-efficacy scale, ways of coping
questions, social support, self-rated health and self-reported disability) to sociode-
mographics and socio-economic variables. In 2004 the ‘South Plain Region Youth
Study’ collected data from students enrolled in the secondary schools of the South
Plain Region (Bacs-Kiskun, Bekes and Csongrad counties) of Hungary. This rep-
resentative sample of 1,200 students was based on randomly selected classes from
three randomly selected high schools in each county. Of the 1,200 questionnaires
sent out, 1,114 were returned and analysed, yielding a response rate of 92.8%. The
age range of the respondents was 14–21 years of age (mean: 16.5 years of age,
S.D.: 1.3); 444 (39.9%) were boys and 670 (60.1%) were girls. Parental permission
was obtained so trained public health workers could distribute the questionnaires
to students prior to the start of class. Students were given a brief explanation of the
objectives of the study and instructions for filling out the questionnaire. Participation
in the study was voluntary. Confidentiality of the responses was emphasised and
that the data would be used for research purposes only. The response time ranged
from 30 to 40 min. Completed questionnaires were placed in sealed envelopes and
collected from each of the participating schools. The self-administered question-
naires were used to obtain information from students regarding family structure,
psychosocial health, materialism and other value orientations, substance use, de-
pression, satisfaction with life and sociodemographics.

19.6 Evaluation

This ongoing project should be investigated through an evaluation model of
strengths, weaknesses, opportunities and threats (SWOT analyses):

Strengths: Despite the fact that training in behavioural sciences was not provided
between the 1950s and 1989 in higher education in Hungary, the psychosomatic
approach has a long tradition dating back to the 19th century when Ignaz Semmel-
weis discovered the cause of puerperal fever (poor hygiene). In addition, later in the
20th century, a number of Hungarian scientists, Sandor Ferenczi, Franz Alexander,
Hans Selye (who described the stress model), and Mihaly Balint, significantly con-
tributed to the development of psychosomatic and biopsychosocial medicine (Piko
and Kopp, 2002). It is also a strength that by the time our departments were founded,
the teaching of behavioural sciences in medical schools had been already accepted
in both Western Europe and the United States. Another strength is that many of our
behavioural scientists have degrees in both medicine and social/behavioural science,
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e.g. psychology, sociology or philosophy. Moreover, some of our scientists have a
strong public health orientation and expertise in the field of health promotion. Our
scientists usually publish their findings in both Hungarian and international journals
and participate in international scientific societies. A number of research projects
receive extramural grants. Finally, our departments have a number of international
cooperations which may contribute to the acceptance of the field.

Weaknesses: First is the late introduction of behavioural science in medical
schools. The lack of physicians’, and other health professionals’, knowledge, skills
and attitudes in behavioural science may have contributed to the deterioration of
the health status of the Hungarian population. Due to this long break, applied be-
havioural science still faces a number of problems and challenges. For example, stu-
dents, particularly medical students, find this integrative approach unfamiliar since
they face mainly biomedical subjects, which do not operate within this biopsychoso-
cial paradigm. The lack of a common social science paradigm may contribute to
the inadequate cooperation between behavioural science researchers with different
disciplinary backgrounds.

Opportunities: More cooperation between behavioural science researchers and
clinicians needs to develop. This may contribute to a greater acceptance of this ap-
proach. In addition, more integrative courses should be developed and introduced.
For example, the first semester of medical education begins with a course ‘Intro-
duction to Preventive and Behavioural Medicine’. Later, students may choose the
courses ‘Behavioural Science Approach to Substance Use’ and ‘Behavioural Sci-
ence Approach to Health Promotion’ both of which provide an integrated system
approach to health problems.

Threats: The biggest threat to our faculty is an official comparison between the
scientific accomplishments of behavioural science researchers and those working
in the biomedical field. In many cases, behavioural science researchers are under-
achievers in terms of their scientific evaluation (e.g. Cumulative Impact Factors or
Science Citation Index) when comparing their contributions with those of biological
researchers. This stems from the low number of behavioural science publications by
biomedical researchers in medical schools (Diehl and Perkins, 2000).

19.7 Prevention Programme

Another example of transdisciplinarity is the implementation in the survey results
and the educational goals in the public health field. This may happen at two levels.
First, our scientists participate and integrate various prevention and (mental) health
promotion programmes (e.g. life skills training, coping skills, stress management
training, substance use prevention programmes). In these programmes both survey
results and the information based on the biopsychosocial approach are transferred
to the public. In this process NGOs and government agencies (such as regional
public health offices) are active participants in both planning, developing and imple-
menting. A good example of transdisciplinary cooperation is the so called Szécheny
Plan: a foundation for research of transdisciplinary cooperation between academic,
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government and non-government research projects and practical implementation.
The Szécheny Plan is directed to map the biopsychosocial influences of premature
death among middle-aged men. It has a number of goals: it aims to develop health
promotion protocols; it aims to develop indicators for measuring health-related qual-
ity of life; and it aims to build a stronger connection between the health care system
and the relatively new private health insurance companies. All in all, it also aims to
support a transdisciplinary research cooperation.

19.8 Recommendations

Our transdisciplinary project suggests that the integration of these scientific
paradigms may lead to the implementation of the biopsychosocial paradigm in the
medical practice of both prevention and clinical care. The former area in particular is
a relatively underinvestigated field of research. Therefore, future research should ap-
ply the biopsychosocial approach to human functioning, e.g. how the ideas, beliefs
and other psychosocial factors of individuals influence their health consciousness
and attitudes towards health promotion and disease prevention.

The transdisciplinary approach, however, does not mean an interchangeability
of the methodological guidelines of research in the natural and social sciences but
rather a synthesis of research findings into one complex view of life. The methods
used in natural and social sciences are sometimes quite similar but they also have
important differences (Kopp and Rethelyi, 2004).

Future research should concentrate on the development of a transdisciplinary
resource methodology. Cooperation among transdisciplinary researchers may help
a lot with this development. Future projects should involve the introduction of the
biopsychosocial model to non-medical experts. This implementation needs an inte-
gration of different societal attitudes. More applied disciplines, which apply social
and behavioural science theories, concepts and empirical findings integrated in the
paradigm in medicine and health sciences, should be involved in these projects.
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Chapter 20
Sustainable Coexistence of Ungulates
and Trees: A Stakeholder Platform
for Resource Use Negotiations

Karin E. Hindenlang, Johannes Heeb and Michel Roux

Abstract Browsing by ungulates is broadly seen as a major problem for tree
regeneration in Alpine forests. At the regional or local level, a resource manage-
ment problem arises because there is still a lack of scientific knowledge about the
long-term importance of herbivore impact on forest dynamics and because conflict-
ing interests between different stakeholders such as foresters, hunters, farmers and
nature conservationists persist. A common understanding of the problem and an
agreement on the management aims are needed before an effective and broadly ac-
cepted wildlife and forest management strategy can be established.

Within the framework of the Swiss National Research Programme 48 (NRP 48,
Landscapes and Habitats of the Alps) we developed instruments and procedures for
solving a regional forest–wildlife conflict in a mountainous environment by means
of a ‘platform for resource use negotiation’ and collaborative learning. A manage-
ment concept has been developed, in consultation with all the relevant stakeholders,
defining the most appropriate measures for improving the situation and based on
a common understanding and common objectives. Particular emphasis has been
given to involving the scientists of two projects of the NRP 48 as stakeholders in
the platform. The active involvement of scientists, and mutual learning between
scientists and practitioners, facilitated the conflict-solving process and produced an
added value as revealed by an external evaluation of the learning process. The plat-
form project was carried out in four conceptual phases and contributes new trans-
disciplinary knowledge about how to structure and implement a process of problem
solving in the field of resource use negotiations.
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20.1 Background

20.1.1 The Mountain Forest–Ungulate Conflict

Ecosystem management and in particular forest landscape management has emerged
as a new challenge to resource managers (Baskent and Yolasigmaz, 1999). Land-
scape management entails a demanding choice between alternatives, which can
lead to conflicts between resource user groups who claim a stake in the outcome
(Staehelin-Witt et al., 2005). One such resource management conflict exists between
forest managers and other interest groups. The browsing of young trees by wild
ungulates, in particular red deer (Cervus elaphus) and chamois (Rupicapra rupi-
capra), is widely considered by forest managers to be the most important problem
affecting the future of Swiss Alpine forests (Brändli, 1995). Although there are few
precise ideas on how forests will develop under the influence of browsing ungulates
over the next century (Senn and Suter, 2003; Wehrli et al., 2005; Weisberg et al.,
2005), a general agreement exists among forest managers that tree regeneration
is insufficient to ensure the continuous existence of mountain forests and that the
protective function of the forests will, at least locally, be severely compromised
(Kupferschmid, 2005). Hunters and conservationists disagree about the importance
of ungulate browsing for tree regeneration. This leads to fruitless disputes on silvi-
cultural practices, hunting schemes and yearly hunting quota, and a general feeling
of helplessness among local stakeholders involved in forest management or biodi-
versity conservation. Such forest–wildlife conflicts have increased in parallel with
the increase in populations of game species during the 20th century, in response to
their protection, and there is still a lack of scientific knowledge about the long-term
importance of herbivore impact on forest dynamics. Therefore, wildlife manage-
ment in terms of forest–wildlife conflict management has become an emerging field
for forest and wildlife conservation agencies, private organisations and professionals
(Messmer, 2000).

20.1.2 Stakeholder Involvement in Conflict Resolution Processes

Various approaches have been used in attempting to solve conflicts associated with
the use of natural resources in landscape and wildlife management (Skutsch, 2000).
They can be grouped in two general categories: ‘Conflict management’ focuses on
controlling the conflict and recognises the positive effects that conflicts can provoke
between different user groups; and ‘Conflict resolution’ attempts to terminate the
conflict by facilitating a consensus decision. In the following we will focus on a con-
flict resolution process. Public participation and stakeholder involvement are tools
used in both conflict management and conflict resolution. A wide range of tech-
niques exist, differing in the degree of stakeholder participation from public infor-
mation and public hearings, collaborative problem solving, assisted negotiation and
mediation, to joint decision-making. In Switzerland, the federal forest legislation of
1991 demands public participation in the sustainable management aspect of forest
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development planning. The regional planners are encouraged to inform the public,
accept suggestions, release draft development plans for public scrutiny and answer
objections.

Solutions to conflicts associated with the use of natural resources such as the
forest–ungulate conflict are often hampered by a lack of scientific understanding
(e.g. how herbivory by ungulates interacts with other factors driving forest dynam-
ics) and by the fact that stakeholders often fail to discriminate between scientific
facts, value judgements and intention. Successful conflict resolution in forest and
wildlife management requires a detailed assessment of the particular situation, a
common understanding of the situation and an agreement on the management aims,
before an effective and broadly accepted management strategy can be established.
Thus arises the demand for a systemic approach, social learning, and the active
engagement of stakeholders and authorised management agencies in the conflict
resolution process. The establishment of ‘platforms for resource use negotiation’
is a way of dealing with complex natural resource management problems (Buck,
1999; Steins and Edwards, 1999). Therein applied collaborative methods put spe-
cial emphasis on joint learning between the concerned stakeholders. Forest manage-
ment agencies increasingly implement collaborative methods of public participation
(LeMaster and Huebner, 1997; Selin et al., 2000) but the effectiveness of these col-
laborative processes is rarely evaluated.

20.1.3 Solving a Regional Mountain Forest–Ungulate Conflict
by Means of a Communication Platform

Within the framework of the Swiss National Research Programme 48 (NRP 48
Landscapes and Habitats of the Alps, www.nfp48.ch) we developed instruments
and procedures for solving a regional forest–ungulate conflict in an mountainous
environment by means of a ‘platform for resource use negotiation’ and collaborative
learning. Engaging all the relevant stakeholders, an integrated management concept
was built, which is based on a common understanding and common aims and de-
fines the most appropriate measures to improve the situation in concern. In order to
amplify the general understanding of the system and to promote better acceptance of
scientific results in practice, two scientists, leaders of two NRP 48 research projects
(Brang et al., 2001; Senn et al., 2001), have been involved as stakeholders in the
platform. The following questions were addressed by the transdisciplinary project:

- Which instruments and procedures, developed by different stakeholders asso-
ciated in a platform for resource use negotiation, are appropriate for solving a
regional mountain forest–ungulate conflict and establish a successful forest and
wildlife management strategy?

- Can mutual learning between scientists and practitioners facilitate the conflict-
solving process in a platform for resource use negotiation and ensure the imple-
mentation of scientific results?
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The case study is located in Gurtnellen, Canton Uri, Switzerland, where the ‘Stotzig-
wald’ forest protects the A2 motorway, a major regional road and the railway from
natural hazards such as rockfall and avalanches. The forest is part of a federal
game reserve and is used by chamois (Rupicapra rupicapra) as winter habitat.
The protective function of the forest is negatively affected by a severe lack of tree
regeneration, particularly of Abies alba, due to unfavourable local environmental
conditions and ungulate browsing. Protective structures against falling rocks have
been established along the motorway but can never replace the protection of the
forest for economic reasons. Various attempts to mitigate the problem of lack of
regeneration have been made (e.g. restricted hunting and silvicultural measures)
but have not succeeded. Furthermore, the perceptions of various stakeholders (e.g.
foresters, hunters, civil engineers) about how to deal with the situation differed
widely. Therefore, the communication platform ‘Stotzigwald’ was established in
2002 involving 27 stakeholders from various user groups: land and forest owners,
hunters and game wardens, foresters, nature conservationists, transport and tourism
officers, responsible authorities and researchers from the Swiss Federal Institute for
Forest, Snow and Landscape Research WSL. They agreed to develop common goals
and measures in order to ensure the protective function of the Stotzigwald into the
future. Within the project period of 2 1

2 years the learning process has been evaluated
twice.

20.2 Collaborative Learning on Platforms for Resource
Use Negotiation

The concept of Collaborative Learning was used in the platform ‘Stotzigwald’ to
facilitate the conflict-solving process. Collaborative Learning actively involves peo-
ple in discussion, learning and decision making about land management. It is a hy-
brid approach developed from soft systems analysis (Checkland and Scholes, 1990)
and conflict management (Wilson and Morren, 1990). Collaborative learning does
not stress consensus between the different user groups, but emphasises learning,
understanding and developing improvements for a particular problem. It focuses
on the concerns and interests of the stakeholders, encourages systemic thinking
and takes into account that considerable learning about different values and sci-
entific results must occur before management improvements can be implemented.
Communication and negotiation-interaction are the means by which learning and
progress in a particular situation occur. Collaborative learning processes require
skill, commitment and perseverance by the participants. In complex natural resource
controversies, facilitation of collaborative learning usually requires help from an
outside party. This involves a mixture of mediation and process consultation strate-
gies and tactics applied by skilled facilitators (Wilson and Morren, 1990). Collabo-
rative learning design is based on Soft Systems Methodology (SSM) and aims to cre-
ate a temporarily shared culture, in which conflicts can be accommodated in a way
that allows action to be be taken (Flood and Jackson, 1991). SSM aims to improve
situations of social concern by activating a hopefully long-lasting learning cycle in
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Fig. 20.1 Concept for collaborative learning in platforms for resource use negotiation (Heeb and
Roux, 2002; Roux and Heeb, 2002)

the people involved. The learning works through an iterative process using model
concepts to reflect and debate the problem situation and its perception (Fig. 20.1,
Heeb and Roux, 2002).

In this context, platforms are understood as loosely structured social networks
in which representatives of a particular actions system are brought together for a
particular purpose such as a landscape management concept. Platforms create a
space for communication that is based on confidence. By applying collaborative
learning methods, such as the elaboration and discussion of the mental models of
the involved stakeholders, platforms allow:

- for achieving a joint understanding of the problem system
- for developing a set of goals as the basis for system development
- for designing concrete project ideas and measures
- for assessing the actions taken, by applying suitable evaluation tools.

20.3 Participatory Elaboration of Target and Transformation
Knowledge on the Platform ‘Stotzigwald’

The platform project ‘Stotzigwald’ was carried out in four conceptual and temporal
phases relating to problem investigation, problem structuring and implementation:

1. Preparation phase (2002): formation of the platform including all relevant stake-
holders; formulating basic principles and rules for collaboration and communi-
cation;

2. System Reflection phase (2002): elaborating a common understanding of the
system and objectives – the first evaluation of the learning process;

3. System Development phase (2003, 2004): elaborating a common strategy and
appropriate measures in order to achieve the objectives – second evaluation of
the learning process;
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4. Knowledge Transfer phase (from 2005 ongoing): application of the measures in
the field and the establishment of a control system for measuring success.

From February 2002 to September 2005 ten daylong meetings have so far taken
place. A local forestry consultant was in charge of the moderation of the meetings
and an expert in change management and platform processes monitored the working
programme.

20.3.1 Formation of the Platform

In the Preparation Phase 27 stakeholders from all relevant interest groups (forest
managers, hunters, farmers, nature conservationists, tourist officers, road planners,
community representatives, cantonal and federal administrative bodies, researchers)
participated at a kick off meeting in February 2002 where the authors presented
the goals and methods of the platform process. The participants agreed on several
principles of cooperation, which defined the general aim of the platform process, the
duration of collaboration and the transparent and nondiscriminatory communication
between the members of the platform.

20.3.2 Developing a Common Understanding

At the beginning of the System Reflection Phase an inventory of perceptions of
the problem situation in Stotzigwald was created. On this baseline 13 different
mental models were built by interviewing individual actors (Fig. 20.2). The inter-
viewed stakeholders put forward their individual problem perceptions, their goals
and suggestions for approriate measures with respect to the forest–wildlife con-
flict in Stotzigwald following the procedure of Model Moderation (Heeb and Roux,
2002; Hindenlang et al., 2005):

1. 10–15 most important key terms regarding the system were quoted for each
stakeholder.

2. The key terms were structured according to their causal interrelations. It is ad-
visable to classify the terms into groups such as restricted framework conditions,
steering factors, system inherent factors and control factors.

3. The stakeholders explained their model and gave it a short and concise title.

Each stakeholder presented his own mental model in the plenum of the platform,
emphasising his perception of the key factors for steering the system in question
and the most relevant causal interrelations and external factors that influence the
system. The individual mental models were discussed in the platform, compared
with each other and complemented. Similarities and deviations were marked in or-
der to develop a common functional understanding. The individual models were
then combined to form a synthesis model in September 2002 allowing each stake-
holder to recognise his or her individual perception within the synthesis model.
Such procedure facilitates the relief of existing fears and inhibitions. The synthesis
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Fig. 20.2 Visualised Mental Model of an individual actor participating in the platform
‘Stotzigwald’ (graphic by J. Heeb)

model represents the jointly developed common understanding of interrelations and
interdependencies of physical factors and management measures on which all fur-
ther working steps are based. It includes restricted framework conditions (such as
historical and environmental conditions), system inherent factors (such as wildlife
density and natural hazards) and steering parameters (such as current management
measures and legal obligations). Objectives and appropriate control parameters have
been defined in order to assess the effect of future measures.

20.3.3 Elaborating Common Objectives and Measures – An
Integrated Management Strategy

Within the different working groups (forestry, agriculture, wildlife and nature man-
agement, public relations) detailed strategies and measures for meeting the formu-
lated objectives, aimed at sustainable habitat management, were compiled during
the System Development Phase in 2003. The results were presented in the plenum
of the platform and discussed. The participants prioritised the suggested measures
and actions and defined impact related objectives and target values for each strategy.
The thematic working groups were further responsible for scrutinising the techni-
cal and political feasibility of the selected measures. The suggestions were verified
during a joint excursion to the Stotzigwald. Furthermore, in the phase of system
development, selected members of the platform and researchers from the NRP 48
projects gave thematic input-presentations referring to specific questions, which had
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Table 20.1 Measures and activities on which the platform ‘Stotzigwald’ agreed in the integrated
action plan

Subject and objectives Measures In coordination with

Forestry: Improvement of tree
regeneration in order to ensure
protection function of the
forest ‘Stotzigwald’

Management measures
(thinning, fostering) to
facilitate tree regeneration
and ensure manifold forest
structure, establishing
monitoring plot

Agriculture, Wildlife and
Nature Management,
Public Relations

Agriculture: Stabilisation of
traditional cultivation in the
area in order to improve forage
availability and quality for
wildlife

Promotion of traditional
cultivation of meadows and
pastures by integral concepts
and financial incentives

Forestry, Wildlife and
Nature Management,
Public Relations

Wildlife and Nature
Management: Reduction of
wildlife population until tree
regeneration has been restored
and contemporaneous
improvement of wildlife
habitat quality

Localised and temporary
culling of chamois in tree
regeneration plots,
amelioration of wildlife
habitat inside and at the edge
of the forest by means of
structural forestry measures

Forestry, Agriculture,
Public Relations

Public Relations: Increase of the
awareness in the parties
involved and in the public for
the problem and for the
proposed solutions

Informative meetings with all
parties involved (land
owners, beneficiaries,
politicians, broader public),
periodical reporting in print
media

Forestry, Agriculture,
Wildlife and Nature
Management

arisen during discussions thereby further amplifying the common knowledge in the
platform and stimulating the exchange of information between practitioners and
scientists. In June 2004 a first draft of the integrated action plan ‘Stotzigwald’ for
sustainable forest and wildlife management, which included financial perspectives,
was presented and discussed in the platform. By combining different measures be-
longing to different sectors the platform members succeeded in overcoming sectoral
thinking and operation (Table 20.1). All members of the platform agreed on the final
version of the integrated action plan in November 2004. They further confirmed
their willingness to continue their work in the platform ‘Stotzigwald’ promoting
the implementation of the suggested actions and initiating the development of an
appropriate control system for success.

In order to assess the effect of the applied collaborative learning methods on the
progress of the platform process, the learning process was evaluated twice during
the first three conceptual phases by means of questionnaires; once at the end of the
System Reflection Phase in summer 2002; and once at the end of the System Devel-
opment Phase in autumn 2004. After the first evaluation the recommendations made
by the external evaluators were implemented and improved the platform process in
the System Development Phase.
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20.3.4 Presentation and Implementation of the Action Plan

The fourth and final Knowledge Transfer Phase of the process was and still is
dedicated to the implementation of the action plan and to its performance control.
The goal was to establish a governing body which will press ahead with the execu-
tion of the actions proposed by the platform ‘Stotzigwald’ on its own initiative and
without the support of our project (Fig. 20.3). The required knowledge transfer was
initiated in February 2005 at a press conference when the platform achievements
so far and the action plan were presented to the public (Hindenlang et al., 2005).
Since summer 2005 a task force including local actors belonging to the platform,
together with cantonal representatives, started to implement the action plan within
their own sphere of authority. In parallel an evaluation system is being developed
in the platform providing appropriate indicators and methods for monitoring the
changes in Stotzigwald in response to the management measures taken.

20.3.5 Evaluation of the Management Strategy with Respect
to New System Knowledge

The adopted management plan integrates objectives and measures relating to forestry,
farming, wildlife management, habitat management, and public relations
(Table 20.1). The objectives and measures were developed by means of a dialogue
between practitioners and scientists. The practitioners mainly contributed traditional

Fig. 20.3 Organisational design of the platform ‘Stotzigwald’. The development of a common
understanding of the situation (system reflection) and the elaboration of common objectives and the
appropriate measures (system development) occur at the strategic level of the stakeholder platform.
The implementation of the suggested measures and the evaluation of their success occur at the
operational level by innovation cooperations or task forces
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knowledge during the process, whereas the scientists brought in their experience
from former and current projects, e.g. NRP 48.

New scientific knowledge mainly contributed to the development of an evaluation
strategy. This included the development of measurable indicators for assessing the
changes in forest structure, tree regeneration, wildlife density and forage quality
in response to the management measures taken. The scientists of the Swiss Fed-
eral Institute for Forest, Snow and Landscape Research (WSL) assisted with the
establishment of indicator plots in the forest in order to observe changes in detail.
A modelling study contributed new knowledge about the period over which the
changes can be expected, and have to be monitored. In addition new methodological
knowledge, of the assessment of wildlife densities and their relationship to browsing
intensity, contributed to the selection of appropriate indicators for monitoring habitat
development in Stotzigwald.

20.4 Recommendations

20.4.1 External Evaluation of the Platform Process

The platform process and the resulting management strategy were evaluated by an
external partner using criteria from political science. The materials used for the
analysis were the integrated management concept, the protocols of the platform
meetings and the results from two questionnaires, which were conducted during
the platform process in 2002 (end of System Reflection Phase) and 2004 (end of
System Development Phase). The following conclusions can be drawn with respect
to the questions addressed by the project:

- Conflict solving: The platform process allowed for a common understanding
of the situation and for the elaboration of common solutions (integrated action
plan). All participants were treated as co-equal during the learning process and
communicated factually. Knowledge gaps were detected and could be filled. The
facilitation by a moderator and the neutral position of the scientists positively
influenced the process. The only criticism concerned the high expenditure of time
and the lack of obligation to implement the suggested measures.

- Mutual learning: The applied methods of collaborative learning and mental mod-
elling on a platform for resource use negotiation proved of value. The exchange
of different opinions and mutual learning between practitioners and scientists
contributed to a better understanding of causal interrelations and to a better ap-
preciation of the perceptions of the other stakeholders resulting in a generally
broader understanding of the situation.

20.4.2 Successful Formation of a Stakeholder Platform

The following preconditions should be fulfilled when initiating a platform process
for resource use negotiation and conflict solving:
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- There is an approved conflict situation.
- The concerned stakeholders have a strong interest in solving the existing conflict.
- The platform participants are legitimate representatives of their interest/stakeholder

groups.
- The platform participants show willingness to participate in the platform over an

extended time period.
- The platform participants agree on certain principles of cooperation and rules of

communication.

20.4.3 Process Related Success Factors

The following aspects represent requisites for a successful platform process:

- The engagement of a locally accepted moderator creates a trustful atmosphere
and allows for an open dialogue between the platform participants.

- The information and documentation of the system in question have to be suffi-
cient to create a common knowledge basis.

- A common understanding of the system in question is the precondition to suc-
cessfully formulating common goals and measures. Mental modelling is a valu-
able way to create a common understanding.

- Mutual learning between practitioners and scientists facilitates the conflict-solving
process and amplifies the knowledge basis.

- Sufficient time has to be available to ensure a successful collaborative learning
process.

- A transparent procedure and periodical evaluation of the platform process and its
results motivate the platform participants to further cooperate, e.g. to implement
the suggested measures.
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Chapter 21
Retrofitting Postwar Suburbs: A Collaborative
Design Process

Carole Després, Andrée Fortin, Florent Joerin, Geneviève Vachon, Elise Gatti
and GianPiero Moretti

Abstract This chapter reports on the transdisciplinary process initiated, structured
and orchestrated by the Interdisciplinary Research Group on Suburbs (GIRBa)
between September 2002 and November 2003 with the goal of redefining the future
of postwar neighbourhoods in the City of Québec.

The developed methodology combined scientific analysis, action research and
participatory design in an effort to identify which urban design and planning solu-
tions could have a positive impact on the vitality of aging suburbs. Its successive
phases involved a diagnosis of the demographic, physical and social characteris-
tics of postwar suburbs, the definition of general orientations and objectives for
retrofitting these suburbs, and the elaboration of a strategic revitalisation plan along
with an implementation strategy.

The first part of the chapter explains the context and motivations behind this
transdisciplinary approach and briefly discusses the theoretical underpinnings that
guided our work, namely Jürgen Habermas’ Theory of Communicative Action. The
next section describes the structure and execution of the 15-month collaborative
process. The last part reports on the results of an Internet based survey that sought
to evaluate participants’ perceptions of the strengths and weaknesses of the collab-
orative exercise.

Preliminary findings indicate that the process led participants to reach and share
a better understanding of postwar suburbs, as well as to increase their capacity for
action as professionals. Numerous aspects of the reflection on the future of postwar
suburbs were also integrated into government planning policies, from the municipal
to the provincial levels.
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21.1 Background

21.1.1 The Societal Context

The first ring suburbs of Québec (City), the capital of Canada’s French-speaking
province of the same name, are facing a dilemma: they are both shrinking and aging,
unable to attract the younger households and second-time homebuyers attracted to
third and fourth ring suburbs, fuelling low-density greenfield expansion with its
concomitant ecological, social and economic costs. The most recent census data
show that several of these postwar districts have lost up to 10% of their population,
a trend that is predicted to continue. Their residents have reached or are reaching
retirement age, and a fair percentage can expect to lose their driver’s licence in the
future, consequently suffering a lack of autonomy and mobility.

This aging trend is not limited to the social sphere; it is also reflected in the built
environment, constructed primarily between 1950 and 1975, and which consists
largely of bungalow houses situated on wide lots and a hierarchical street pattern
made up of commerce-laden arterials and looping residential streets. The single-
family houses have been generally well maintained by their owners but are still in
need of updating. Rental apartments have not fared so well and most are in need of
considerable renovation. Street infrastructure, including sewer and water systems,
pavement and lighting, also require attention, as do school buildings, several of
which would be scarcely populated if not for numerous children brought in daily
from other neighbourhoods at high costs. Recreational infrastructure, such as public
ice rinks, swimming pools and park equipment also need to be upgraded while pub-
lic transportation is difficult to operate due to low population density and the heavy
use of the private automobile. The latter facilitates the use of shopping malls and
warehouse retailing, making it difficult for neighbourhood services to survive.

It is in this context that the Interdisciplinary Research Group on Suburbs (GIRBa),
Université Laval, initiated, structured and orchestrated a participative design process
between September 2002 and November 2003 with the goal of redefining the future
of postwar neighbourhoods in the City of Quebec.

21.1.2 Theoretical Underpinnings

GIRBa’s current approach to research and action is the result of a double conviction
acquired over the years (Després, Brais and Avellan, 2004; Lawrence and Després,
2004). It is inspired by Jürgen Habermas’s Theory of Communicative Action (1984,
1987) and echoes the works and writings of various collaborative planners and de-
signers, most notably Bernardo Secchi and Paola Vigano (Istituto Universitario di
Architettura di Venezia, Italy), Patsy Healy (University of Newcastle-upon-Tyne,
UK), Judith Innes (University of California, Berkeley, USA), John Forester (Cornell
University, USA) and Susan Fainstein (Columbia University, USA).

First, in order to solve complex planning and design problems, various types
of knowledge are required (Joerin and Nembrini, 2005). GIRBa classifies knowl-
edge into four categories: scientific, instrumental, ethical and aesthetic. Scientific
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knowledge corresponds to what is generally held as ‘what is true’ and is most often
the result of empirical research. Researchers and consultants are its main spokesper-
sons. Instrumental knowledge refers to practicality or to ‘what is possible’, the
knowledge of how to go about things. Experienced professionals, technicians or
workers are generally, although not exclusively, the main channels for this type
of knowledge. Ethical knowledge corresponds to ‘what is good’ and is linked to
customs, beliefs, values and past experiences that help people to determine what
is wrong and what is right on a specific issue. Citizens and elected officials are
primary sources of ethical knowledge. Finally, aesthetic knowledge, or ‘what is
beautiful’, comprises images and refers to aesthetic judgment and experience, as
well as to tastes, preferences and feelings about the built environment. Artists and
designers as well as citizens are key providers of this type of knowledge. Identi-
fying stakeholders belonging to these four types of knowledge means transcending
not only the frontiers between scientific disciplines and their experts but also those
between researchers and practitioners, between researchers and artists, and between
researchers and citizens.

GIRBa’s second conviction is that stakeholders of these four types of knowl-
edge must have the opportunity for face-to-face communication in order for original
reflective thinking to occur and consensual solutions to emerge. Following Haber-
mas’s (1984) cue, rationality in group decision-making is achieved through a pro-
cess of language-based communication during which participants accept and contest
various ‘validity claims’ in order to negotiate a consensus or mutual understanding
of a situation. Language can be visual or image-based communication, a fundamen-
tal mode of communication in participatory design processes. During the process
of confronting different types of knowledge through a series of dialogic encounters,
a fifth type of knowledge progressively emerges, one which is more than the sum
of the four others: it is what Habermas calls intersubjectivity. As Innes and Booher
(1996) explain, this process of ‘making sense together’ assumes that participants
are able and willing to engage in reflective thinking, characterised as the thoughtful
consideration of the information and interpretations of others while allowing their
own assumptions and interpretations to be questioned by other participants. Through
this transformative process, incoherence of thought and arguments are revealed and
collectively overcome.

21.2 The Collaborative Process Step-by-Step

In January 2001, the Government of Quebec introduced legislation aimed at con-
solidating urban jurisdictions across the province, thus requiring Quebec City to
amalgamate with 13 neighbouring cities and towns, effective January 1, 2002. This
was the beginning of the legal and symbolic reconstruction of Quebec City’s en-
larged territory. The new city was divided into eight ‘arrondissements’ or boroughs,
several of which correspond to former suburban cities. Because the amalgamation
called for important municipal and regional restructuring, as well as for the uni-
fication and revision of various existing planning policies, different authorities in
the provincial, regional, metropolitan and municipal governments were given the
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mandate to specify their planning orientations for their respective territories within
a 2004–2006 horizon. Aware of the opportunity to inform the mandates of several
government authorities about Quebec City’s new largely suburban territory, GIRBa
gathered the heads of different planning services at a meeting during which they
were invited to subscribe and engage in a participative planning and urban design
process to redefine the future of postwar suburbs. In the months preceding the par-
ticipative process, there was the timely publication of GIRBa’s book Suburbia Re-
visited (In French, Fortin, Després and Vachon, 2002) in which research on Quebec
City’s suburbs was presented, along with an editorial series written by senior GIRBa
members in the daily newspaper Le Soleil. GIRBa was also contacted by several
radio, television and newspaper journalists for interviews about suburbs. This phase
was important in raising the profile of the process.

The collaborative exercise was drafted in the summer of 2002 but the process was
officially launched in September of the same year. The 15-month strategy involved
stakeholders from three scales of territorial governance: macro, meso and micro.

- From the macro-scale were decision makers and planners representing regional,
metropolitan and municipal governments whose decisions could impact on the
future of first ring suburbs.

- The meso-scale corresponds to the borough scale. Participants were borough of-
fice directors and locally elected officials, as well as representatives of the local
development centre, school board and local community services.

- The micro-scale refers to neighbourhood and community organisations, specific
subgroup representatives, and the population at large.

Overall, more than 100 representatives from different sectors of government were
involved at some point during the process, and close to 500 citizens were consulted
through face-to-face interviews, focus groups and an Internet survey.

The process included three overlapping phases, each corresponding more or less to
one academic semester (the exercise being associated with an urban design teaching
programme, a dozen graduate students were involved at some point during the pro-
cess). The first one, the diagnostic phase, aimed at reaching a shared understanding
of the future challenges facing Quebec City’s first ring suburbs. The second phase
sought to collectively define orientations and objectives for retrofitting this portion of
QuebecCity’s territory.The lastphaseconsisted ofelaboratingstrategicplans for these
suburbs along with implementation strategies during an intensive participatory design
session (traditionally called ‘charrette’ in the architectural and planning professions).

Throughout the process, GIRBa was responsible for planning and organising all
meetings and for producing minutes (validated by participants) as well as easily
understood summary maps. At the end of Phase I and Phase II, consolidated reports
of all meetings (including orders of the day, minutes and PowerPoint presentations)
were put together and handed out to all participants (GIRBa, 2003a,b). All docu-
ments were also made available on GIRBa’s website (http://www.girba.crad.ulaval.
ca/Francais/projets.htm). Figure 21.1 summarises the collaborative planning and ur-
ban design process.
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21.2.1 Phase I: Developing a Diagnosis

At the macro-scale, in fall 2002, GIRBa coordinated a monthly series of four one-
day mini-colloquia and workshops during which 20–30 people (including GIRBa
members) collectively identified the stakes and challenges involved in planning
the future of first ring suburbs. Each gathering consisted of a half-day of presen-
tations (from GIRBa and involved partners) in order to draw the most complete
portrait of first ring suburbs. The goal of these presentations was, on the one hand,
to disseminate scientific knowledge about the history, morphology, demography,
uses and meanings of postwar suburbs, and on the other hand, to share instrumental
knowledge provided by civil servants and administrators about suburban territorial
planning and management policies and practices at different scales of government.

Each mini-colloquium was followed by a workshop where participants gathered
in subgroups of 10–15 people to discuss and annotate or interpret maps of the city
and the concerned suburban boroughs. This process favoured a back-and-forth ex-
change between theoretical/general presentations and concrete/precise spatial repre-
sentations of the diagnosis, as well as the acquisition by participants of an in-depth
knowledge of the concerned boroughs.

At the meso-scale, GIRBa met separately for half-day sessions with each bor-
ough council, as well as representatives from the school board, local centres for
community services and local centre for development. The goal was to identify their
main interests and challenges, using a map to point at specific buildings, streets or
neighbourhoods. GIRBa reported these preliminary diagnoses to macro-scale repre-
sentatives; those diagnoses were completed by key actors from each borough during
a one-day colloquium at the beginning of Phase II.

At the micro-scale, the difficulty in identifying and mobilising key actors from
various community groups within a population of close to 200,000 made it difficult
for participants to be included in the diagnosis phase. At the beginning of the pro-
cess, GIRBa acted as spokesperson of the residents, referring to its survey of 173
homeowners to integrate their concerns.

21.2.2 Phase II: Defining General Orientations and Objectives

The next phase aimed at validating general orientations for the future of first ring
suburbs, as well as specific planning and urban design objectives. If a consensus for
the diagnosis was relatively easy to reach, the second phase turned out to be more
challenging. In other words, it is easier to agree on ‘what is’ than ‘what should be’.
This was accomplished through four one-day meetings between January and May
2003: one borough colloquium, one objectives-defining workshop and two mini-
charrettes.

The borough colloquium was dedicated to identifying the stakes and challenges
facing all four boroughs. Key actors from each district presented a refined diagnosis
and engaged in a discussion with macro-scale representatives, which led to a bet-
ter understanding of the interface between the boroughs themselves and the larger
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metropolitan area. The next workshop aimed at defining objectives for five areas
of concern facing postwar suburbs (socio-demography, ecology/environment, func-
tionality/infrastructure, finance/economy and culture/heritage), as well as exploring
ideas as to how these objectives could be reached. Small subgroups of participants
with diversified professional profiles worked on each of these themes and presented
their reflections during a plenary session, leading to comments and discussion. Ten
macro and 14 meso-scale representatives attended these two meetings.

The next meetings consisted of two mini-charrettes, each covering two boroughs.
Their purpose was to test the relevance of the objectives with regards to the specificity
of each borough. This was achieved through discussion, drawing, and design. The
number of macro-scale stakeholders was cut in half during these activities in order
to integrate key actors at the micro-scale or community level. Liberating local actors
from their daily obligations turned out to be much more difficult than anticipated;
only a few elected officials and members of local interest groups were able to join.
To be more inclusive of citizens’ perspectives in Phase III, GIRBa developed three
additional knowledge bases. First, 20 focus group meetings were conducted with
local associations of immigrants, teenagers, seniors and single-mothers, as well as
two with small shopping mall managers. Second, 75 semi-structured face-to-face in-
terviewswerecompleted with tenants to complementanexisting databaseonsuburban
homeowners. Third, an Internet survey was launched on GIRBa’s website in summer
2003, to which 200 suburban residents answered within the period of one month.

21.2.3 Phase III: The Strategic Plan and its Implementation
Strategy

Phase III aimed at elaborating a strategic plan to orient the future of first ring sub-
urbs, along with clear indications as to implementation. This was achieved with two
distinct activities: the design criteria workshop and the final design charrette.

The design criteria workshop consisted of a one-day meeting with 11 macro-
scale, 11 meso-scale, and 6 micro-scale stakeholders, along with a dozen GIRBa
members, in which the objectives identified in Phase II were validated and potential
solutions to be explored in the final plans prioritised. The results of the Internet
survey, face-to-face interviews with tenants, as well as focus groups were presented
by GIRBa members during the first half of that session as a way of integrating
citizens’ interests. During the afternoon, three subgroups mixing macro-, meso-
and micro-scale participants were created and each presented with an exhaustive
list of objectives and design criteria for two of the six following themes: society
and demographics, environment and ecology, infrastructure and spatial planning,
economy and finance, heritage and culture, and mobility and accessibility. For each
theme, participants were asked to identify and prioritise five design criteria to be
applied during the forthcoming participatory design session (charrette).

The strategic plan for the redevelopment of Quebec City’s first ring suburbs was
drawn during the charrette, which involved 23 key actors from the macro-, meso-
and micro-scale territories, 12 GIRBa members and 10 graduate students in urban
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design. The two-day meeting took place in a large room divided into four sub-spaces
to accommodate each of the borough teams. Each section of the room was equipped
with pinboards displaying the Diagnosis Plan, the Borough Orientations and Ob-
jectives Plan, as well as an aerial photograph of the area. Each group also had 1:
5,000 and 1: 2,000 maps, as well as markers and tracing paper with which to work.
The open-floor plan favoured the circulation of participants from one borough to
another such that they could get information from key actors about shared territories
or problems.

The first day started with a plenary session wherein the work programme was
explained and after which the four teams retreated to their quarters to elaborate a
Strategic Borough Plan. During the first evening, GIRBa’s members as well as some
voluntary participants redrew the sketches in preparation for a debriefing session at
the start of the second day. This led to a refining of the borough plans and, in the
afternoon, to developing plans for specific sub-sectors. On that second day, each
borough delegated participants to work on either linking each Borough Strategic
Plan with the larger city or identifying precise avenues for implementing the plan-
ning and urban design proposals. The charrette ended with the presentation of the
amalgamated four borough strategic plans and detailed plans of the sub-sectors. In
conclusion, participants were asked to freely comment on their experience through-
out the collaborative process, which turned out to be very positive.

Following this activity, GIRBa started working on a report based on the rec-
ommendations and proposals defined in Phase III which would include a generic
PowerPoint presentation, the final plans, as well as their related explanations and
implementation measures. This final report has yet to be distributed. Although the
work has been close to completion since summer 2004, a lack of time and resources
has prevented it from being concluded.

21.3 Measuring the Outcomes

Two years later, with the objective of gaining lessons from this process, GIRBa
posted an Internet survey on its website and emailed all key actors with an invitation
to evaluate their perceptions of the strengths and weaknesses of the process, as well
as of the relative success of its outcomes. The two year period proved to be ideal for
a retrospective evaluation. Indeed, several planning exercises initiated by different
government authorities following municipal amalgamation were completed or near
completion at the time, which allowed participants to evaluate to what extent they
benefited from the process in their own work and whether or not the knowledge
issued from it has made its way into some orientation documents.

The Internet questionnaire included 79 items, 70 of which could be answered
on a four-point Likert scale to measure the degree of agreement with a statement.
Each item could be supplemented with open-ended comments. The final question-
naire was structured into four parts to evaluate participants’ perceptions of: (1) their
initial expectations, (2) the quality and efficiency of the organisation, (3) the quality
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of the activities themselves and of their associated production, and (4) the learning
outcomes and transferability of knowledge toward ongoing planning and urban de-
sign exercises. Six additional items allowed participants to be categorised according
to their professional profiles.

The survey was launched in November 2005, with participants given one month
to respond. Out of 106 stakeholders who had taken part in the process at some
point, 34 could not be contacted (change of address, retired, deceased, on leave,
etc.), 13 did not feel they had been regular enough to provide valuable informa-
tion. Out of the 54 who agreed to participate, 40 completed the questionnaire: 20
associated themselves with the macro-scale, 14 with the meso-scale and 6 with the
micro-scale (among which 5 said they belong to more than one scale). Respondents
were aged between 27 and 80 years old; the gender split was 14 F, 25 M and 1
unspecified. (In order to glean insights into our own learning, GIRBa members were
also invited to participate in the evaluation. Their responses are excluded from this
evaluation.)

The overall results suggest that participants have a very positive perception of
the collaborative planning and urban design exercise. Indeed, at least three quarters
of participants were ‘in total agreement’ or ‘rather in agreement’ with 54 out of the
70 positive affirmations about the process suggested to them.

Fourteen items were related to participants’ perceptions of their initial expec-
tations about the process, namely in terms of learning about postwar suburbs and
about participatory methods, of networking and collaboration, as well as of their
potential influence on the future of postwar suburbs and/or strategic orientation
documents. The highest levels of agreement had to do with anticipated learning
about participative processes, the least, although still high, with their anticipated
influence on the process, and more precisely with the elaboration of the strategic
plan, showing that participants’ were more concerned with the process itself, rather
than the results (Table 21.1).

Eighteen additional items were linked to participants’ perceptions of the quality
of the logistical and organisational aspects of the collaborative strategy. More pre-
cisely, these questions evaluated their perceptions of its coherence and clarity, of
the appropriateness of the meeting types, durations and frequency, of the diversity
and competencies of participants, and of the usefulness of the information provided.
Here again, average ratings are high. The highest scores reflect an appreciation of
the variety of meetings and communication tools used throughout the process. It is
interesting to note that the participants not only greatly appreciated meetings where
discussion was favoured, but also those sessions during which basic information on
the suburbs was provided. Concerning the types of media used to convey informa-
tion, traditional media (paper) were preferred to electronic ones (Internet site), even
though most of the participants were professionals and likely to be comfortable with
the latter. The lowest scores are related to some participants’ irregular attendance as
well as to the absence of certain stakeholders. Given the timeframe of the process
as well as reorganisation of several government services after the municipal amal-
gamation, there was an inevitable turnover of participants. Furthermore, as some
respondents specifically noted, there was the absence of representatives from the



336 C. Després et al.

Table 21.1 Participants’ perception of their initial expectations

Expectations Affirmations used with Likert Scales in Internet Survey
1 Full disagreement 2 Partial disagreement 3 Partial agreement
4 Full agreement

Average rating

Learning To learn about the diversity of points of view concerning the
future of suburbs

3.67

To learn about suburbs through the amalgamation of a diversity
of expertises

3.64

To learn about participative processes in urban planning 3.42
To collect ideas for our own strategic plans 3.28
My objectives for participating in the process were met 3.26

Collaboration To develop contacts useful in our work 3.59
To work with representatives from the academic community 3.31
To develop a partnership with one or more institutions 3.18

Influence To contribute to the evolution of innovative methods of urban
planning practices

3.46

To participate in the construction of a consensus on planning
suburbs

3.36

To influence the evolution of suburbs 3.21
To act against urban sprawl 3.08
To promote one or more of my institution or organisation’s

projects
2.92

To produce a plan for the suburbs 2.66

Ministry of the Environment and the Ministry of Transportation, as well as a low
number of representatives from the private land development sector, elected officials
and citizens (Table 21.2).

Eighteen additional items were linked to participants’ perception of the activities
themselves: first, the quality of the exchanges among participants and of the ex-
changed information, of their contribution to the final proposals, and of the quality
of the proposals themselves. The highest average ratings indicated that stakeholders
felt that the conditions of speech were fair and their contributions welcome. The
lowest scores in this category indicate that 8–11 participants did not really feel that
they can claim authorship for the final products, that 10 fully or partially disagreed
with the fact that the opinions of all participants were all weighed equally, and fi-
nally, that 6 thought that some information might have been hidden or manipulated
by some participants (Table 21.3).

Finally, 20 items were related to participants’ perception of the outcomes of
the collaborative planning and urban design exercise to their work: more specifi-
cally in terms of their learning, networking benefits, and transfer of collaborative
methods, knowledge and produced documents. These ratings were slightly lower.
The highest scores concerned participants’ learning about participative methods,
postwar suburban planning issues, and the diversity and interests of participants.
Seven out of ten participants felt the process somehow contributed to strengthen-
ing existing or developing new professional relationships. We ourselves noticed
that after formal exchanges during the first meetings, participants seemed to truly
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Table 21.2 Participants’ perception of the quality of the organization

Organization Affirmations used with Likert Scales in Internet Survey
1 Full disagreement 2 Partial disagreement 3 Partial agreement
4 Full agreement

Average rating

Process The process was generally coherent and easy to follow 3.26
From the very first session, the objectives of the process were

made clear
3.08

Meeting I appreciated the charrette (intensive design session) 3.71
I appreciated the workshops with maps (discussion with maps

in the afternoon)
3.68

I appreciated the Mini-colloquia (PowerPoint presentation in
the morning)

3.47

I appreciated the small group discussions 3.43
I appreciated the plenary discussions 3.29
The monthly sessions of autumn 2002 and winter 2003 were –

not – too close together
3.03

The sessions were – not – too numerous 2.97

Participants The competencies of different participants were
complementary

3.33

I – did not – had to convince my institution of the advantages
of my participation

3.09

Number of participants per session was – not – too high for
fruitful exchanges

2.79

The irregular presence of certain participants was –not– a
problem

2.73

Important stakeholders in this reflection on the future of
suburbs were – not – missing

2.68

Information Compendia: they were useful 3.43
Meeting minutes: they were useful 3.42
Meeting agenda: they were useful 3.36
Website: it was useful 2.83

work together and trust each other. The informal interaction between people with
different disciplinary profiles is considered an important but less tangible out-
come of interdisciplinary collaborative processes. Indeed, some participants ac-
knowledged during the process that even within their own ministry or borough,
they rarely had the opportunity to discuss with their colleagues from other di-
visions. Also of note, several participants felt they learned more from the pro-
cess than they contributed to it, although the frequency of this perception and the
high ratings of the quality of the process suggest that all participants made im-
portant contributions. This confirms our hypothesis that through intersubjectivity,
a new type of knowledge is created, one that is more than the sum of individual
contributions.

The lowest ratings for the survey were those related to the use by participants of
the different produced plans, perhaps explained by the fact that GIRBa never made
the plans available in their final form, and several professionals, from community
health centres or school boards for instance, did not have to produce orientation
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Table 21.3 Participants’ perception of the collaborative activities

During the
activities . . .

Affirmations used with Likert Scales in Internet Survey
1 Full disagreement 2 Partial disagreement 3 Partial agreement
4 Full agreement

Average rating

Speech I felt free to express myself during these meetings 3.73
All participants were given a fair hearing 3.43
Access to speech was equitable 3.38
I – did not – felt in conflict with one or more participants 3.32
Everything was open to debate, including all assumptions and

basic hypotheses (for example, urban sprawl is a problem,
Quebec’s population is decreasing)

3.11

Discussions were terminated only after all participants’
interests and questions were examined

3.00

The opinions of certain participants was considered more
credible or given more weight (due, for example, to their
special status)

2.71

Information I did not hide or manipulate information 3.92
My standpoints during the process conformed those of my

institution or organization
3.45

Thanks to information provided through the presentations or
the meeting minutes, all participants had a level of
knowledge sufficient to participate in the process

3.41

When there were doubts about the clarity, significance or
reliability of information used, efforts were made to lift
uncertainties (jargon, technical terms . . ., etc.)

3.19

Information was not hidden or manipulated by participants 3.04

Contribution I have the impression of having contributed to a collective
reflection

3.45

These planning proposals are generally close to my point of
view

3.14

GIRBa was a neutral orchestrator of the process 3.11
I feel I can claim authorship of the planning proposals

(diagnostics, schemas, plans)
2.76

Plans Relative to conventional processes of decision-making, the
participative nature of the process allowed for the production
of better schemas and plans

3.30

The redevelopment plan is a ‘good’ plan 3.17

documents in their professional mandates and so did not require the plans as such.
As for the lower degrees of agreement with items related to the use of similar or
related participatory methods in their own work after the process, several respon-
dents disagreed only because they said they were already using them. During the
final debriefing that followed the design charrette, several participants indicated that
they wished to replicate this type of collaborative process in their own work, even
in contexts other than planning. A final important result is that several key actors
(9–13 according to various items) acknowledged a transfer of knowledge. Some par-
ticipants’ comments indicated that general orientations, objectives and design cri-
teria had made their way into several government agencies’ orientation documents,
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Table 21.4 Participants’ perception of the outcomes of the collaborative process

Outcomes Affirmations used with Likert Scales in Internet Survey
1 Full disagreement 2 Partial disagreement 3 Partial agreement
4 Full agreement

Average rating

Learning I learned about participative planning processes 3.36
I am more cognizant of questions surrounding urban planning

in relation to my work
3.31

My vision of urban problems linked to the future of suburbs
has widened

3.28

I learned about the diversity of viewpoints and interests of
other participants

3,23

The process allowed me to discover relevant solutions in my
professional activity

3.12

I have the impression that the process allowed others to better
understand my interests and points of view

3.11

I noticed that the process changed the discourse on suburbs
(among my colleagues, within my institution, in the media)

2.82

Collaboration Today, I consider interdisciplinary and intersectorial
collaborations in a more positive light

3.24

The process solidified existing personal and professional
relationships

2.86

The process allowed me to develop new personal and
professional relationships

2.84

My participation in the process changed my appreciation of
interdisciplinary and intersectorial collaborations

2.74

Since the end of the process, I have organized discussion
sessions with people from other services, organizations or
with citizens

2.70

Since the end of the process, I have undertaken similar
approaches within the context of my institution
(participative, collaborative, interdisciplinary processes, etc.)

2.61

Since the end of the process, I have consulted people whom I
met during the process

2.56

The process allowed me to put in place one or more
partnerships or collaborative projects between my
institution/department and other institutions/departments

2.39

Transfer I have often communicated the results of the process to my
colleagues or members of my organization

2.71

I use the plan created at the sub-districts scale 2.17
I use the plan created at the boroughs scale 2.03
I use the plan created at the city scale 1.97
I have referred to the plans or to the process during a

conference, colloquium, interview with the media, etc.
1.92

something that GIRBa was able to verify in official documents and websites, and
this despite the fact that the process documents were not made available following
the process and that participants stated that they were more interested in the process
than in the results (Table 21.4).
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21.4 Recommendations

Overall, GIRBa’s transdisciplinary research and action programme has produced a
rich body of knowledge and allowed for a better understanding of the complexity of
suburban settings, the challenges facing them and, most of all, of avenues for action.
If GIRBa’s initial intention was to share its extensive knowledge with decision and
policy makers in the context of a reflection on the future of postwar suburbs, the
survey, in addition to a cursory examination of the orientation documents of several
involved partners, suggests that the outcomes of the collaborative planning exercise
go far beyond what we anticipated. We believe that the main outcomes for partici-
pants has been a finer understanding of postwar suburbs as object as well as of the
issues and challenges facing their future in the context of their physical and social
aging; the development of a shared mission as well as of common objectives and
proposals for retrofitting these suburbs; an increased capacity for action through
building and sharing a knowledge basis on suburbs; and learning from transdisci-
plinary collaborative planning methods.

Furthermore, the very high number (95%) of participants agreeing that they
met their original objectives for participation can essentially be attributed to two
principal characteristics of the process. First, participants seemed to appreciate the
substantial amount of information disseminated through the process, reinforcing the
role of information sharing in participative events (Hanna, 2000; Joerin and Nem-
brini, 2005). Second, participants also demonstrated a high level of interest in the
process itself, finding value in learning and experimenting with, a new communica-
tive and interdisciplinary approach to decision-making.

On a general level, our experience has convinced us that: (1) scientific research
is not performed in the same way when there is close and constant collaboration
between researchers from different disciplines, (2) design research is a legitimate
and autonomous way of producing knowledge on a given problem, one which ac-
cepts intuition and uncertainty, and (3) action research is an alternative mode of
knowledge production that recognises practical reasoning, material and organisa-
tional constraints, and values public debate.

Architecture and planning seem to be fertile grounds for transdisciplinary contri-
butions because of their very nature as multidisciplinary or ‘undisciplined’
disciplines, involving the natural and social sciences, as well as action-oriented
practices aiming at transforming the built and natural environment. These circum-
stances correspond to a precondition for transdisciplinarity: disciplines capable of
a constructive dialogue with other domains of knowledge, with a multidisciplinary
functioning and project-oriented identity (Pinson, 2004). In this regard, GIRBa’s
programme of transdisciplinary research and action in Quebec City exemplifies the
critical contribution of universities towards training professionals and researchers to
work together in creating intersubjective knowledge, with the impacts being felt in
all sectors of society.
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Chapter 22
Participation

Aant Elzinga

Abstract Participation is a core element of transdisciplinary research. A look at
the different project descriptions reveals that participation is more prominent in the
first and the third phase of the research process. Also, the intensity and the specific
meaning of participation differ substantially between the projects. Transdisciplinary
research could benefit from more reflexivity on questions such as who is empowered
by participation, or on which criteria are used to decide who is in and who is out.

Keywords: Constructivism · Empowerment · Epistemology · Politics ·
Stakeholders

22.1 Introduction

The literature about public participation is largely dominated by case studies relating
to technology assessment, risk analysis and the formation of science and technol-
ogy policy. Participation theory is underdeveloped and evaluations of participation
methods are often ‘limited to ad hoc suggestions and criticisms about advantages
and disadvantages of the various techniques, and the lack of a clear framework for
criticism makes it difficult to compare and contrast their relative merits’ (Rowe and
Frewer, 2000; also see Rowe and Frewer, 2005 for the concept of ‘public partic-
ipation’). The present paper seeks to avoid such cataloguing of recipes distilled
from the chapters in the present book. Instead, findings in a number of chapters
will be laced with remarks on, and critical analysis of, the contexts and the con-
cepts of participation that gives a broader perspective. I begin by situating the theme
in an historical perspective focusing on the emergence and shifts of meaning of
some associated concepts. Thereafter participation in the three ‘phases’ of transdis-
ciplinary projects are discussed. Towards the end some findings from scholarship
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in science and technology studies (STS) are brought in, and a couple of issues are
raised for further research.

22.2 Interdisciplinarity as a Prelude

In the late 1980s, in various countries, a series of new research fields emerged.
These were prompted by societal problems and pressure from user groups. Among
such fields appeared the following: peace and conflict research, development studies
(related to development aid to what were then called underdeveloped countries),
systems ecology, human ecology, work life research, women’s studies, research into
higher education, social work research, nursing care research and police research.
In some cases social movements provided the motivation – anti-imperialist, peace
and environmental movements, women’s liberation and labour movements. In other
cases it was a combination of welfare state concerns and professional occupational
groups that provided external relevance pressures and participated in the establish-
ment of new academic teaching programmes and areas of scientific expertise.

Occupational groups such as social workers, midwives, nurses, and police,
sought increased status and professional legitimacy through ‘scientification’ of their
knowledge, which often rested on tacit know-how and personal command of practi-
cal skills. Scientification brought with it codification of certain parts of their knowl-
edge, theoretical concepts and new standards of public certification. Social and
cognitive legitimation strategies were used to argue the case for participation in
academic knowledge production. Social legitimation strategies referred to specific
societal problems that had to be addressed, while cognitive legitimation strategies
often started out by pointing to a lack of scientific knowledge in relevant areas.

Considerable effort was devoted to integrating workplace tacit knowledge into
research projects, influencing the formation of new concepts. In nursing care re-
search for example, it was pointed out that while medical expertise included a lot
of important knowledge about the human body, diseases and the like, academic
medicine failed to address the aspects of ‘caring’ for patients. Concepts like empathy
and coping were therefore given new theoretical connotations corresponding to the
goals of patient care in the ward. In social work and life work research the concept
of ‘action research’ became prominent in order to denote the process wherein re-
searchers interacted with target groups of people (e.g. workers in the workplace) as
a part of their field work; whereby data was accumulated and societal problems were
translated into researchable scientific problems to be tackled by a discipline such as
sociology. Inspiration for the development of new concepts also derived from in-
teraction with user groups and the latter’s representations or images of experienced
reality. Furthermore, interaction between researchers and user groups also occurred
during the validation of research results.

Later, when the new fields took on a life of their own and began to function as new
disciplines or interdisciplinary specialities, the links between researchers and user
groups became more routine, which meant that professional representatives of the
user groups took over as the ombudspersons for user group interaction with research
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projects. In areas where social movements were strong a similar process occurred
in the form of participation by professional activists belonging to one or other non-
governmental organisation (NGO). In particular, the role of social movements in the
setting of standards and regulating the design of new technologies, deserves study
(Eyerman and Jamison, 1989; Hård and Jamison, 2005).

22.3 Entry of the Prefix ‘Trans’ and Related Concepts

It is interesting to note how in the first wave of discussions the terms interdisci-
plinarity and action research attended the co-production of new social and cognitive
orders. Primacy was still given to the relative autonomy and sovereignty of academic
disciplines, in as far as the terms inter- and multidisciplinarity had the question of
interaction between members of different academic tribes (existing disciplines) as
its centrepiece. Later the term transdisciplinarity became more prevalent, signalling
the goal of transcending disciplinary boundaries as such. Of course Alvin Weinberg
had already used the term trans-science back in the early 1970s, but then it was
as part of his cognitive strategy to uphold boundaries around real science. Trans-
science was taken to refer to an arena outside science proper where science based
knowledge is employed in the public arena for advice in decision making and policy
(Weinberg, 1972).

The discussions in the 1990s by contrast, in the context of neo-liberal, market
oriented thinking that replaced welfare state and social movement oriented thinking,
gave a new twist to the idea of participation. Now it was meant to highlight research
or knowledge production in the actual context of application, so-called Mode 2
(Gibbons et al., 1994) as distinct from research in an academic setting (Mode 1).
The new discourse emphasised the crossing, not only of boundaries between dis-
ciplines, but perhaps more so, the move beyond disciplines. Thence transcendence
or ‘transdisciplinarity’ becomes an appropriate term (Elzinga, 2004). There is also
talk of a ‘new social contract for science’ (Lubchenko, 1997; Gibbons, 1999). We
should be careful however not to exaggerate the differences vis-a-vis the late 1960s.
Nor, for that matter, should it be compared with the struggle of engineering in the
early part of the 20th century, to become a recognised university based mode of
higher educational training (with its own academic doctor’s hat) and knowledge
production; even though user groups and practitioners of various types participated
in its establishment. Often, when they are introduced, new terms have ideological
connotations.

In political discourses on democracy terms like ‘citizen participation’ in com-
munity change and ‘participatory democracy’ appeared in the late 1960s. Among
others they entered into the discussion of: technology assessment (TA); risk assess-
ment; science and technology policy in the mid-1970s; and OECD reports, where
20 years later the concept of ‘governance’ was in vogue. David Dickson, writing
in 1984, noted how in the U.S. there had been a struggle about who should define
the substantive content of participation. A chapter in his book, The New Politics of
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Science, is devoted to delineating the tensions between technocracy and democratic
control (Dickson, 1984). The technocratic approach is based on the imposition of
solutions to problems relating to the social impact of science through consensus
by experts. Public participation might be encouraged, but only in the process of
reaching consensus about solutions usually expressed in technical terms. This was
the ‘rational’ top–down approach, ignoring questions regarding the basic political
structures through which solutions were to be put into effect. In contrast, a bottom–
up democratic approach stressed the importance of procedures as much as goals,
arguing that the rationality of solutions offered by experts is often illusory, and the
best protection against this is a form of participation that simultaneously calls for a
redistribution of political powers as well as the insight of technical expertise. It was
an approach that had developed under the influence of the environmental movement
and the morass of the Vietnam War, whence grassroots democracy was revitalised.

By the late 1970s the surge of the protest movements had subsided and the tech-
nocratic approach dominated once more, partly refined so as to include ‘participa-
tion’ in processes where the economic, political and scientific elites controlled the
structure of the decision making agenda, e.g. by deciding which kinds of public
participation would be admitted at what stage, laying down boundary conditions
for participation, and determining what kinds of arguments would be considered by
decision makers. Thereby, the substantive content of participation was narrowed and
skewed towards legitimating established power politics. The political challenge to
the technocratic approach had been successfully contained and the meaning of par-
ticipation transformed and tamed to fit the power elite. Part of the Mode 2 discussion
that emerged in the 1990s fits well into this mould.

On a more critical note some scholars involved in research into public policy have
introduced further terms, such as ‘mandated science’ (Salter, 1988) and ‘regulatory
science’ (Jasanoff, 1990) that came into our vocabulary in the early 1990s. These
terms derived from studies relating to the interaction of research and policy in the
area of environmental protection. It was found that differences in institutional and
cultural dimensions of knowledge production and validation were significant and
had to be taken into account. Salter was looking at procedures and the setting of
standards for acceptable toxic levels in the work place environment, or in neighbour-
hoods adjacent to pollution prone industrial enterprises. She argued that in mandated
science, policy considerations are closely integrated at every step in the production
and use of knowledge. Secondary activities, such as evaluation, screening and meta-
analysis, play an important role in such research. There is a significant component
of knowledge synthesis.

Jasanoff has been particularly concerned with comparison of different coun-
tries’ ways of managing risk related to modern biotechnologies. She, among others,
pointed out how ‘research science’ (as distinct from ‘regulatory science’) places
greater value on papers published in journals for academic peers, while science
conducted for policy is rarely innovative and may not be subject to peer review. In
as far as prediction enters into the picture, the transdisciplinary researcher is often
asked to assign an estimate of the risk attached to different options when it comes
to policy decisions or measures. Reporting channels may often be reports to public
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agencies or user groups. A characteristic of transdisciplinary research then, is that
its results tend to have a dual audience – other researchers as well as practitioners
and user groups in society at large.

Related terms that are still used today are post-normal science (Funtowicz and
Ravetz, 1992; Chapter 23) and post-academic science (Ziman, 1996). The emphasis
here is on the transcendance of academic disciplinary areas and the entry of ex-
ternal practitioner or user group participation in the validation of research results
and their adaptation for implementation in policy and decision making in society
at large. Thence we also have the terms ‘extended peer communities’ (Funtowicz
and Ravetz, 1992) and ‘regulatory peer review’ (Jasanoff, 1990). The latter refers
to peer review being imported into user oriented bureaucracies or agencies. The
former involves entry of outside users into academic based societal relevance (and
quality) review processes. Affiliated with these moves one can find new ideals of
democracy in a knowledge society. Extended peer review refers to more and more
groups being drawn into the process of evaluating the research results and reworking
them, resulting in recommendations for political action to mitigate identified risks
or threats (e.g. emission of greenhouse gases in global climate change scenarios).
In this context experts’ affiliation with one or other of the stakeholders (industry,
groups of environmental activists, owners of forests, game hunters in an alpine forest
area, etc.) may introduce a bias in the extended peer review process, something that
may be compensated by consciously introducing a demand for transparency and
articulation of different interests – in a word, ‘reflexivity’.

The literature concerning the theory of participation identifies two main ap-
proaches: a liberal functionalist or pluralist one; and a theory of direct participation.
The former emphasises group representation while the latter gives priority to indi-
vidual citizen involvement as ‘amateurs’ who are supposed to become progressively
more knowledgeable in the participation process. Both views, however, converge
around a number of criteria, e.g. the participant should be independent, involved
in the research process as early as possible, and be given resources to effectively
influence decision making. There should be a clear task differentiation, structured
decision making, transparency for all concerned and cost-effectiveness (Laird, 1993;
Rowe and Frewer, 2000). However, greater clarity concerning these points is by
itself not enough to induce a deeper reflexivity. For this we also need awareness of
some basic structural and institutional dynamics of science-in-society.

As Peter Weingart (1999) has argued the two sides, science and politics, oper-
ate along different institutional codes or logics. The Mode 1/Mode 2 dichotomy
fails to take this into account, and it tends to blur boundaries, losing sight of the
paradoxical nature of the science–politics relationship. The greater the number of
societal problems that become subject to scientification, the larger the number of
areas in which science based controversies may figure, a process that is attended
by a simultaneous diminishing of the authority of scientific expertise. Increased sci-
entification under such circumstances, therefore, simultaneously leads to more, not
less, politicisation. In order to sustain their authority, scientists, institutionally, tend
to cling to the old linear model of ‘truth speaks to power’, while policy makers do the
same by relying on existing advisory arrangements. Thus one gets an entrenchment
of the traditional norms, values and perspectives, or ‘logics’ in both spheres, an
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intricate dialectic of paradoxes that needs to be taken into account when calling
for greater reflexivity.

22.4 A Constructivist View

A constructivist view of scientific knowledge production takes as its point of depar-
ture the fact that scientific models of issues such as climate change do not by them-
selves always produce final outputs of interest to policy users. Therefore, one wants
to look more closely at the further process of judgement and evaluation whereby
decoupled modelling is introduced in order to reach a final output that will serve as
the input-advice in the policy making arena. The strength of user group participation
in such settings makes a difference in the context of implementation. A further point
is that observational data against which a model (e.g. climate model) is tested or
validated are themselves not free from theoretical commitments and assumptions
(Jasanoff and Wynne, 1998).

With the foregoing in mind I now turn to the project descriptions in this volume.
A guiding idea in the Handbook is that there are three distinguishable phases in
projects: (a) problem identification and structuring, (b) probing aspects of a prob-
lem, concept and hypothesis formation, and analysis (problem analysis), (c) im-
plementation, whence results from a project are integrated in a real world setting
(bringing results to fruition). The activities classed here in three different categories
tend to mesh in actual research projects, but the division into three phases is a con-
venient analytical device. I will use this framework to structure the discussion of the
projects. This should however not be confused with the structure of the handbook:
I will discuss participation in (a)–(c) independently of whether a project appears in
Part 1, 2 or 3 of the handbook. A look at the different project descriptions reveals
that, more often than not, participation figures are more prominent in the first and
third phases, while focus on internal interaction, or collaboration between members
of different disciplinary tribes, is greater in the second phase. Of course, such in-
teraction is also very important in the first phase in order to establish rapport and
develop a shared understanding of the object of study. Thus Baccini and Oswald
refer to the need for researchers from different disciplines to sort out their ‘cultural
differences’ early, before a more sophisticated conceptual framework can be devel-
oped. A common language has to be developed.

22.5 Participation in Problem Identification and Structuring

In the science studies literature one finds similar observations, sometimes expressed in
termsofestablishingasuitable‘boundaryobject’.Thismayatfirsthingeonametaphor
that is later transformed into a bridging concept, such as the redefinition of what is
meant by ‘mobility’ (Chapter 6). In the project on mobility in a model city, external
participants, at the outset, were planners from two model cities. Interests of the urban
population and local government were taken into account by defining the ‘societal’ or
‘practitioner’ problem, with their help. This project highlights that the identification
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and definition of a societal problem are not enough. Such a problem may not be
immediately amenable to research but has to be translated into a researchable problem
or ‘research problem’. This means that the problem must be conceptually transformed
and incorporated into a scientific discourse where it stimulates researchers to play with
different models. The transformed problem, i.e. the research problem, becomes the
shared research object that forms the starting point. It is not essential that everyone
concerned has exactly the same perception of the problem or leading concept. The role
of the model as a boundary object is to be partly open, leaving room for interpretative
flexibility, so that various researchers can meaningfully refer to it, have different dis-
ciplinary angles on it, but still collaborate around it. The model serves as an integrative
object along the boundaries of different disciplines, socially and cognitively. It also
permits theresearchers toavoidmonodisciplinaryreductionism(apointemphasised in
several of the project descriptions), i.e. the tendency to promote a single interpretation
of a term or concept as the only correct one.

Schwaninger et al. deal with the societal problem of citizen behaviour relating to
environmentally benign practices – solid waste separation in particular. Municipal
authorities were consulted to obtain information regarding possible enabling and
constraining effects of different types of incentive structures that were modelled
with an eye to finding appropriate policy alternatives. An implementation feedback
to the municipal authorities and other interested parties was envisaged, but in prac-
tice it apparently fell outside the scope of the project (Chapter 13).

Hubert et al. deal with developing a grazing menu for sheep and other livestock
in the Mediterranean rangeland in southern France. Stakeholders include livestock
farmers, foresters and local political and administrative authorities (Chapter 7).

The authors devote considerable attention to the process by which the societal
problem became translated into a research problem. The farmers’ knowledge, re-
flecting their daily lives, was tapped and systematised from various angles. Scientific
concepts and tools were used to construct new ‘objects’ to constitute the problem
qua eco-systemic research problem. The authors nicely trace the dialectical tacking
motion from the immediately concrete farmers’ perceptions and know-how to the
scientifically reflected new ‘objects’ (in a new research discourse) and back again
to the farming context, now with more appropriate suggestions for science based
interventions. In a sense one sees here, without reduction, a rethinking of practi-
tioner knowledge with the help of transdisciplinary research, focusing on the issue
of a complex interconnected system of animal production and environmental main-
tenance. The farmers and shepherds thus have a central position in the partnership
with researchers during the phases of issue identification, problem (re-)definition
and structuring, influencing the setting of parameters for modelling a ‘menu’ for
livestock meals. It is noted that modelling can also stimulate alternatives and probe
further possibilities for change at a more general level.

In the climate change modelling project described by Held and Edenhofer
(Chapter 12) the stakeholders are major global actors, governments, multinational
corporations, global NGOs and especially the EC. This is primarily a project
of analysis. A novel feature is its incorporation of future technological change
as an endogenous factor in the analysis, and also the way conservationist and
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non-conservationist values are factored into the modelling in terms of a maximum
allowable threshold value of global mean surface temperature change in the future
(2◦C). Thus the potential user group input is indirect (virtual participation), in part
matched by direct informal consultation with representatives of two German fed-
eral governmental ministries (economic and environment), German energy suppliers
and Greenpeace, in order to iteratively obtain acceptable options. In this case, the
threshold value of the global temperature is a boundary constraint in the selection
of realistic but relevant options for policy – relevant in the sense that the aim is for
political realism.

In the regional forest and wildlife management project (Chapter 20), stakehold-
ers were brought together (27 stakeholders representing forest owners, hunters and
game wardens, foresters, nature conservationists, road planners and tourist officers)
at the outset and continued to play a role as partners in a collaborative inquiry to
generate science based knowledge about herbivore impact on forest ecosystems. In
this case the researchers not only assembled data and a variety of mental models,
but also went on to mediate in a process of negotiation with an eye to resolving a
conflict. The ‘synthesis model’ again served as a boundary object in which differ-
ent stakeholders could identify some of their own interests and input and therefore
develop a sense of ownership regarding the bridging model.

Another important element the authors point out is the development of trust
between researchers and users as a precondition for enrolling participants and
networking. It is an ingredient that also appears to be important in many of the
other projects, for facilitating interaction among researchers, and between the re-
searchers and stakeholders and user groups (e.g. Chapter 17 concerning nomadic
communities).

22.6 Participation in Learning and Analysis

The core of the project described by Hindenlang et al. (Chapter 20) consisted of
a dialogue amongst practitioners and between researchers and practitioners. The
process as described compares well with what scholars of scientific controversies
(controversy studies) have found out about the evolution and dynamics of a pub-
lic controversy and its termination (Beauchamp, 1987; McMullin, 1987; also see
Nelkin 1995, Martin and Richards, 1995). These scholars sometimes distinguish
between epistemic (i.e. knowledge related) and non-epistemic factors in a contro-
versy. The latter refer to personality traits of those involved, institutional pressures,
political influences, stakeholder interest and the like. Whereas positivist approaches
to controversies focus on agreement reached on the basis of rational discussion
and argument, regarding all non-epistemic factors as irrational ‘noise’, construc-
tivist studies of controversies indicate that such rational termination of conflicts
may never be reached, but that ‘closure’ of a controversy may still occur. When
this happens it may be due to external intervention by courts or the adoption of
procedural rules.
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However, there is also ‘negotiation closure’ – settlement by intentionally arranged
and morally unobjectionable resolution – acceptable to the principals in the con-
troversy even if no party’s ideal is reached. In participation theory the method is
referred to as ‘negotiated rule making’ (Fiorino, 1990; Laird, 1993). In the case de-
scribed by Hindenlang et al. researchers contributed to such a process by obtaining
factual information, doing conceptual analysis, developing a common framework of
principles, exposing inadequacies and unexpected consequences of various courses
of action, raising examples and counter-examples to arrive at a set of acceptable
measurable indicators to be used in forest and wildlife management.

The project described by Schelling et al. (Chapter 17) involves a broad range of
stakeholder interests at various levels: local, regional, national and international.
Stakeholders in Chad were continually consulted as resource persons in scien-
tific studies devoted to developing health indicators and designing a single united
human and veterinary medical and health delivery system. The cultural dimen-
sion is prominent, since treatment seeking behaviour on the part of nomadic men,
women and families were found to be ‘strongly influenced by cultural norms’. Thus
socio-geographical surveys of ecological, economic and political dimensions of user
groups’ livelihoods were important. But user groups also had direct input into data
and concept formation: interviewees alerted researchers that a vaccine used against
anthrax was contaminated. The laboratory examination confirmed the concerns of
the livestock owners. Here local knowledge was important for setting researchers
on the right track. Participation implied a certain degree of empowerment of the
nomadic communities involved.

Walter et al. (Chapter 14) describe a project that applies an interesting method-
ology for systematic interaction between researchers and stakeholder groups in all
three phases. The importance of structure is emphasised as a precondition for flex-
ibility. A significant anchor for participation is the project’s co-constitution as a
joint academic & cantonal authority endeavour – there was a co-determination of
ownership of the problem from the outset. The links between a series of research
groups focusing on an analytically differentiated set of facets on the one hand, and
stakeholder groups involved in different sectors (e.g. agriculture, silviculture, textile
industry, and regional political or administrative activities) on the other hand, allowed
for continual reciprocity and a mutual learning curve on both sides. This mode of
organising interaction provides a stable socio-epistemological baseline for decon-
structing the societal problem analytically into different facets that may thereafter be
reconfigured in a model to suggest various scenarios for landscape transformation.

The systemic model that evolved evidently served as a boundary object between
the researchers and stakeholder groups, facilitating scenario construction of interest
to both sides – users being encouraged to provide not only input for validation pur-
poses but also, when needed, to reconfigure their own thinking about the problem
prior to the implementation phase. One interesting outcome mentioned is a political
decision relating to the future of tourism.

Rip’s Chapter 9 contains a programme declaration for social science supported
technology assessment focusing on nanotechnology. It is guided by a recognition of
the societal mismatch whereby in practice the bulk of material and cultural resources
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mostly appear on the side of technology drivers, while exercises in anticipatory intel-
ligence on the part of citizens who will be impacted (as potential beneficiaries and/or
victims) by new and emerging technologies is minimal or sometimes non-existent.
A summary review of Foresight practices as well as Technology Assessment readily
confirms the situation that Rip and his colleagues seek to overcome with their pro-
gramme for Constructive Technology Assessment (CTA). Their approach is one that
is organised around citizen participation in conjunction with a social science based
understanding of the dynamics and potential impacts of science and technology.

One of the practical goals of Rip’s programme is to use CTA expertise to of-
fer nanoscientists and technologists – as well as other actors, including NGOs – a
‘support system’ for reflection and strategy articulation. The chapter thus homes in
on the important question of ‘reflexivity’ and on clarifying and counteracting the
structural bias whereby actors constantly project linear futures defined by their own
intentions and – one might add – tunnel vision (compare Weingart’s point above).
In the programme, CTA projects relating to technological trajectories are overlayed
with studies of cross-cutting aspects like risks, images, ethics and governance, in
other words a combination of technical, social, political and cultural aspects or di-
mensions. Workshops involving researchers and stakeholders of various categories
will be used to consider socio-technical scenarios of possible futures to stimulate
multi-actor deliberations and mutual learning. The implementation phase still lies
ahead. It will be interesting to see what comes out of it; considering the elusively
futuristic and abstruse character of the impact of nanotechnology, a new technology
that seems to present exceptionally tricky challenges for ‘participation’, requiring,
for example, recognition and identification of sources of nanotoxicity (Royal Soci-
ety and The Royal Academy of Engineering, 2004; Service, 2005).

22.7 Participation in the Implementation Phase

Having hitherto concentrated on the first two phases of the projects reviewed, let me
now come back to the role of participation in the implementation phase. As already
indicated this aspect is more pronounced when the goal is to develop a forest and
wildlife management strategy (Chapter 20) or community based action involving
barefoot veterinaries and midwives in nomadic communities without immediate ac-
cess to village based infrastructures for health and veterinary services (Chapter 17)
In the latter case (four) national stakeholder workshops helped articulate community
demands and prepare the way for new types of medical and veterinary extension ser-
vices. In the former, communication and negotiation-interaction formed part of a se-
ries of (10 one-day) meetings that gradually led to the shaping of a management tool.
Two evaluations helped trim the process and give it public visibility. Researchers in
both cases reported their findings and experiences in scientific journals, as well as
in reports to government and practitioners.

In the climate modelling case (Chapter 12) members of the public at large were
not included in the participation process. Information on the options was primarily
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aimed at influencing established opinion leaders in economic and environmental
spheres, with an eye to influencing current debates for the future of the Kyoto pro-
cess, especially via the European Commission, a key actor on the global arena.

The CITY: mobil project (Chapter 6) seems to have ended up in an intermediate
position. Discussion of the ecology of transportation and traffic genesis analysis
using cost-benefit scenarios was highly relevant and interesting to scientific peers.
At the same time a condensed outcome was fed back to societal practitioners in the
form of a guide or handbook – a catalogue of strategic measures. It was hoped that
practitioners would feel inclined to use these measures as instruments to help clarify
policy options for decreasing the numbers of cars, improving the performance of the
public transport system, promoting cycling, and in developing new planning tools
for connecting the city’s transportation planning and budget planning. Success here
ultimately depends on the city authorities’ ability to overcome barriers that maintain
and continually reinforce the culture of sectoral differentiation of key functions and
responsibilities in a city. To be effective in this situation transdisciplinarity has to
allow trans-sectoral cooperation and integration by the users and official participat-
ing partners. With its primary focus on the development of a knowledge base for a
new approach to urban mobility, enrolment of external partners to the cause seems
to have become a secondary consideration.

22.8 The Need to Problematise the Concept of Participation
and Introduce ‘Reflexivity’

Members of the public and users may be invited to participate in research and de-
liberation for many reasons: to begin a process of cultural and institutional change;
to observe and collect data; to complement expertise; to make or implement deci-
sions; to attempt to ‘educate’ citizens about science; to gauge public opinion for the
purpose of market research; to overcome public mistrust, stifle objections or defuse
critique (for a review of some of the functions of public participation or engagement
with science and technology, see Irwin, 1995, 2001, 2004; Sclove, 1998 emphasises
the democratic imperative).

In order to dig deeper it is useful to take up a theme that is very much at the
heart of participation, viz., ‘public understanding of science’ (PUS), a subject that
has received much attention by science studies scholars during the past 20 years.
In this literature it is now stated as common knowledge that the traditional mode
of PUS is a science centred one. Therefore, it is referred to as the deficit model,
and highlights its concern with scientific illiteracy and knowledge gaps on the part
of the public. Since communication is not seen as a question of dialogue but rather
as a uni-directional flow where scientists speak to the public, it is also called the
linear model of science information (as distinct from an interactive model involv-
ing two-way communication). In such an idiom researchers are assumed to be the
possessors of rational and expert knowledge. Participation then becomes a matter of
the public, or practitioners, receiving and appreciating scientific knowledge in their
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daily concerns. If there is any problem it is perceived as the participants’ misunder-
standing and use of technical knowledge. Thus ‘public’, ‘society’, ‘practitioner’, or
‘user’ tends to be problematised while science is taken at face value. In the minds
of scientists, users are seen as passive receivers of their goods.

In the wake of scientific controversies and a fear of science’s loss of authority in
society thereemerged an interest in moving toamore interactivemodelof communica-
tion with the public (Levidow and Marris, 2001; symptomatic of this move is a recent
EC journal special thematic issue on ‘science dialogues’ – European Commission,
2005). Research in STS since about the mid-1980s has contributed to this trend by
helping to turn the question around, signalling the need to investigate how people
actually define and experience ‘science’. It has been found that, in the cultural appro-
priation of scientific concepts and new technologies, different meanings are attached
to scientific information, since citizens or users differ in the way they incorporate
science into their everyday life-worlds. Attention has also been directed to the way
in which particular scientific constructions disseminated to the public incorporate
closed models of social relationships. These reflect dominant power relationships in
society at large and therefore should be subject to critical scrutiny and negotiation on
the part of the receiver (Wynne, 1995). A constructivist perspective on PUS and the
science-policy interface thus seeks to problematise science as well as the public and
users (see Jasanoff and Wynne, 1998 for detailed review).

Furthermore, it has been found that researchers tend to view ‘users’ or layperson
participants in science and technology in ways that help sustain the privileged po-
sition of the expert, protecting them from public scrutiny of the way commitments,
rules of inference or methods of standardisation may contain a structural bias. Cer-
tain stakeholders are privileged, particularly those who possess material and cultural
resources to act and change conditions in society. This question has been discussed,
in the case of genetically modified foods (GM-food), in connection with the use of
focus groups and layperson participation in deliberations regarding different policy
options. Results from interviews may reflect what the researchers imagine the partic-
ipants (the laypersons, consumers, environmental activists) believe rather than the
participants’ actual feelings. (Callon, 1999; Nowotny et al., 2001; Maranta et al.,
2003). Focus groups and workshops moreover involve a process of collaborative
learning whereby laypersons may appropriate the technically oriented, expert cen-
tred perspective of the researcher, leading to engagement in the latter’s strategy.
When outcomes from such consensus seeking consultative exercises contradict the
interests of strong economic lobbies and political elites, the government may still
decide to ignore the advice, as happened in the GM nation debate in the UK when
the public refused to believe in the benefits of GM food technology (see European
Commission, 2005, p. 25 in an article under the heading ‘Two-way communication’,
an interview with Steve Miller at University College London).

The foregoing suggests that the conflict in the 1970s between the approaches of
technocracy and democratic control is being replayed in new ways. In a strategy
of containment of public dissent the word ‘participation’ takes on a patronising
meaning. Its rhetoric hides the technocratic approach while steering clear of the
alternative, the ‘democratic control’ approach as outlined by Dickson (1984, see
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above). Levidow and Marris (2001), in particular, have noted how the language of
participation is mobilised to refurbish the old linear model, shifting the construal of
the public as ‘ignorant’ to one of the public as ‘distrustful’. Instead of disseminating
information to overcome ignorance it is now a matter of defusing discontent. If
the aim really is to ‘relegitimise decision-making, government will need to ‘un-
learn’ many institutional assumptions and to redefine the problem at stake. Rather
than seeking ways to change the public, it is necessary to change the institutions
responsible for promoting innovation and regulating risks. In particular they need to
change their preconceptions of science, technology and public concerns. In such a
process, public concerns offer a useful starting point and social resource for organ-
isational learning’ (Levidow and Marris, 2001, p. 357). Here we are back to what
Dickson was talking about more than 20 years ago.

22.9 Who is Empowered by Participation?

The question in the subheading is a double one (Elzinga, 2000). Firstly, it is
important to distinguish between effective participation and symbolic or token par-
ticipation. The former leads to empowerment while the latter involves would-be
participants going through the motions of being consulted without really having
any bearing on the problem definition, analysis, or ultimate implementation of the
results. Laypersons, or NGOs representing them, may also enter researchers’ (simu-
lation) models as virtual participants who determine boundary conditions, in which
case they do make a difference. At other times they figure as imaginary ‘users’ in
the minds of researchers when the latter discuss user consultations. Secondly, there
is the question of who gets invited to participate and who simply gets left out. What
criteria are used to define and target user groups as relevant participants, and who
does the defining and targeting? Who gets empowered by transdisciplinary research
and, the other side of the same coin, who gets marginalised?

Unfortunately, most of the project descriptions lack a degree of reflexivity; they
do not provide sufficient information on this particular aspect of participation pro-
cesses to warrant a cross-referential discussion. Baccini and Oswald implicitly touch
upon the subject when they refer to ‘generating cooperative majorities for shared tar-
get qualities’ (Chapter 5) using participatory workshops. The question that arises is
how do these ‘cooperative majorities’ differ from non-cooperative groups. Do they
have specific stakes and do they possess superior material and cultural resources to
make them worthy of inclusion while more marginal groups are excluded?

The issue of inclusion/exclusion mechanisms in participatory processes has cap-
tured the attention of philosophers, historians, sociologists and political scientists
who point to a trend associated with globalisation. It is a trend where local gover-
nance and choice available to actors at the microlevel in local arenas, concern arrays
of options that are predetermined by forces and structures beyond their control. A
sense of individual participation is cultivated in a culture of individualism, with
promises of radical freedom of self constitution of one’s appearance, one’s body,
lifestyle, or local affairs, while decisive decisions concerning one’s livelihood are
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made in centres where elites concentrate their power. The possibility of radically
changing one’s own situation and life condition presupposes access to material and
cultural resources that many people do not possess. As Zygmunt Bauman (2001)
argues, it may well be that we are living in an increasingly polarised society, where
some have an opportunity to practice meaningful freedoms and some do not; new
mechanisms of inclusion and exclusion prevail when it comes to defining who is a
relevant participant and who is not.

22.10 Conclusion

In this chapter project descriptions have been used to highlight salient features of
the notion of participation. This has been done by looking at the historical context in
which the discussion of interdisciplinarity began in the late 1960s and early 1970s.
Twenty-five years later this became transdisciplinarity. It is noted that participation
enters into transdisciplinary research projects in varying degrees, depending on the
focus and goals of each project, and on the particular phase one looks at.

Apart from some general lessons for improving dialogue – the building of mutual
trust, commitment, clear delimitation of expected tasks, transparency, and reflexiv-
ity – there are also project-specific features that are contingent on the context: the
way a project is initiated, who the stakeholders are and what roles they (can) play.
A distinction may also be made between real physical and virtual participation of
external users or practitioners. A further distinction is made between effective and
token or symbolic participation. We are asked to be more sensitive to power relations
that prevail in transdisciplinary endeavours, taking into account skews in material
and cultural resources available to different actors.

By asking who gets empowered, and what potential users get left out, we plead
for a greater degree of reflexivity and at the same time point to a problem that calls
for further deliberation, research and innovative social experimentation.

References

Bauman, Z.: 2001, The Individualized Society, Polity Press, Cambridge.
Beauchamp, T.L.: 1987, Ethical Theory and the Problem of Closure. In: H.T. Engelhardt and

A.L. Caplan (eds), Scientific Controversies, Cambridge University Press, Cambridge,
pp. 27–48.

Callon, M.: 1999, The Role of Lay People in the Production and Dissemination of Knowledge, Sci
Tech Hum Val 4(1), 81–94.

Dickson, D.: 1984, The New Politics of Science, Pantheon Books, New York.
Elzinga, A.: 2000, What Participation? (Rev. of Jamison, A. and Ostby, P. (eds), Public Participa-

tion and Sustainable Development), Sci Cult 9(1), 121–128.
Elzinga, A.: 2004, The New Production of Reductionism in Models Relating to Research Policy.

In: K. Grandin, N. Worms and S. Widmalm (eds), The Science-Industry Nexus. History, Policy,
Implications, Science History Publications, Sagamore Beach, pp. 277–304.

European Commission.: 2005, RTD info. Magazine on European Research, special issue Novem-
ber 2005 devoted to Science dialogues.



22 Participation 359

Eyerman, R. and Jamison, A.: 1989, Environmental Knowledge as an Organizational Weapon: The
Case of Greenpeace, Soc Sci Inform 28(1), 99–119.

Fiorino, D.J.: 1990, Citizen Participation and Environmental Risk, Sci Tech Hum Val 15(2), 226–243.
Funtowicz, S. and Ravetz, J.R.:1992, Science for the Post-Normal Age, Futures 24(10), 963–976.
Gibbons, M.: 1999, Science’s New Contract with Society, Nature 402, C81–C84.
Gibbons, M., Limoges, C., Nowotny, H., Schwartzman, S., Scott, P. and Trow, M.: 1994, The New

Production of Knowledge, Sage, London.
Hård, M. and Jamison, A.: 2005, Hubris and Hybrids. A Cultural History of Technology and Sci-

ence, Routledge, London
Irwin, A.: 1995, Citizen Science: A Study of People, Expertise, and Sustainable Development,

Routledge, London, New York.
Irwin, A.: 2001, Constructing the Scientific Citizen: Science and Democracy in the Biosciences,

Publ Understand Sci 10(1), 1–18.
Irwin, A.: 2004, Expertise and Experience in the Governance of Science: What is Participation

For? In: G. Edman (ed.), Expertise in Law and Regulation, Aldershot and Burlington, Ashgate,
pp. 32–50.

Jasanoff, S.: 1990, The Fifth Branch, Harvard University Press, Cambridge.
Jasanoff, S. and Wynne, B.:1998, Science and Decisionmaking. In: S. Rayner and E.L Malone

(eds.), Human Choice & Climate Change, Batelle Press, Columbus, pp. 1–87.
Laird, F.N.: 1993, Participatory Analysis, Democracy, and Technological Decision Making, Sci

Tech Hum Val 18(3), 341–361.
Levidow, L. and Marris, C.: 2001, Science and Governance in Europe: Lessons from the Case of

Agricultural Biotechnology, Sci Publ Pol 28(5), 345–360.
Lubchenko, J.: 1997, Entering the Century of Environment. A New Social Contract for Science,

Science 279, 191–497.
McMullin, E.: 1987, Scientific Controversy and its Termination. In H.T. Engelhardt and

A.L. Caplan (eds.), Scientific Controversies, Cambridge University Press, Cambridge,
pp. 49–91.

Maranta, A., Guggenheim, M., Gisler, P. and Pohl, C.: 2003, The Reality of Experts and the Imag-
ined Lay Person, Acta Sociologica 46(2), 150–165.

Martin, M. and Richards, E.: 1995, Scientific Knowledge, Controversy and Public Decision Mak-
ing. In: Handbook in Science and Technology Studies, Sage, London, pp. 506–526.

Nelkin, D.: 1995, Scientific Controversies. In S. Jasanoff, G.E. Markle, J.C. Petersen and T. Pinch
(eds.), Handbook of Science and Technology Studies, Sage, London, pp. 444–456.

Nowotny, H., Gibbons, M. and Scott, P.: 2001, Re-Thinking Science, Polity Press, Cambridge.
Rowe, G. and Frewer, L.J.: 2000, Public Participation Methods: A Framework of Evaluation, Sci

Tech Hum Val 25(1), 3–29.
Rowe, G. and Frewer L.J.: 2005, A Typology of Public Engagement Mechanisms, Sci Tech Hum

Val 30(2), 251–290.
Royal Society and The Royal Academy of Engineering.: 2004, Nanoscience and Nanotechnolo-

gies, RS & REA Report of July 2004, London.
Salter, L.: 1988, Mandated Science, Kluwer, Dordecht
Sclove, R.E.: 1998, Better Approaches to Science Policy Editorial, Science 279, 1283.
Service, R.F.: 2005, Calls for More Research on Toxicology of Nanomaterials, Science 310, 1609.
Weinberg, A.: 1972, Science and Trans-Science, Minerva 10, 209–222.
Weingart, P.: 1999, Scientific Expertise and Policy-Making: Paradoxes of Science in Politics, Sci

Publ Pol 26(3), 151–161.
Wynne, B.: 1995, Public Understanding of Science. In: S. Jasanoff, G.E. Markle, J.C. Petersen and

T. Pinch (eds.), Handbook of Science and Technology Studies, Sage, London, pp. 361–388.
Ziman, J.: 1996, Post Academic Science: Constructing Knowledge with Networks and Norms, Sci

Stud 9(1), 67–80.



Chapter 23
Values and Uncertainties

Silvio Funtowicz∗ and Jerome Ravetz

Abstract Transdisciplinary research and post-normal science (PNS) are a com-
plementary pair of approaches to the new understanding of science. Post-normal
science concentrates on questions like ‘what-about?’ and ‘what-if?’ The issue of
‘safety’ is an exemplar of the post-normal approach, since it cannot be managed by
a linear, reductionist analysis.

Keywords: Post-normal science · Dialogue · Uncertainty · What-if? · Safety

23.1 Introduction

In traditional scientific research, even when oriented towards policy, it was assumed
that values were irrelevant and uncertainties could be tamed by statistical methods.
Now the public, many scientists, and some policy makers, appreciate that certainty
and objectivity are not to be attained in the products of such research. Something
will have to change in our understanding of science and also in its conduct. Such a
complex problem calls for a variety of perspectives; transdisciplinary research and
post-normal science (PNS) are a complementary pair. In the former, experience of
the new sorts of tasks for science led to this new synthesis. In the latter, the approach
was more philosophical, considering how radical the changes in our conceptions of
science would need to be. In practice, the two approaches have much in common.
Focusing on post-normal science, we show in this chapter that it has a characteristic
methodology, concentrating on questions like ‘what-about?’ and ‘what-if?’ The is-
sue of ‘safety’, which perhaps defines the problematique of modern industrial civil-
isation, is an exemplar of the post-normal approach, since it cannot be managed by
a linear, reductionist analysis.
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23.2 Three Sorts of Inquiry

We recall that PNS is based on a threefold distinction between different sorts of
inquiry (Funtowicz and Ravetz, 1991, 1992, 1999). In the following diagram, which
defines PNS, there are three circular strips in the quadrant. The ideas behind the
names of the axes are familiar by now; ‘systems uncertainties’ and ‘decision stakes’.

Down in the lower left hand corner, each is low. That segment is called ‘applied
science’. This is the ‘normal science’ where, in the policy relevant fields of science,
simple puzzle-solving is effective. All the routine work of monitoring people and the
environment, and of building databases about the effects of environmental factors on
the behaviour of organisms, comes into this class. But we know that in many critical
cases, especially involving our major environmental problems, that straightforward
‘applied science’ is not effective. What next?

What sort of work is involved in that next, intermediate category? We call it
‘professional consultancy’, in order to suggest the work that is done by a surgeon
or a senior engineer. Someone doing those jobs has to be trained in the relevant
science, but there is more to the job than just applying the science. Even if most cases
are routine, the professional must always be prepared to cope with the unexpected.
They must not merely be ready to change plans rapidly, perhaps improvising as they
go along but more seriously, any mistake can have drastic consequences for their
patient or client. The most extreme example of professional consultancy is that of
the military commander. He knows that he must have a plan before going into battle.
But he also knows that on contact with the enemy the plan is the first casualty!

As the problems of technology and the environment became more severe through
the latter half of the twentieth century, the first reaction was to manage them pro-
fessionally. For example, the design and regulation of the new technology of civil
nuclear power called forth a new profession of ‘probabilistic risk analysts’. Faced
with a novel and complex technological system, its practitioners had no ‘normal
science’ of existing safety practice to rely on. In response they developed sophis-
ticated mathematical techniques for estimating the probability of various sorts of

Fig. 23.1 Post-normal science diagram (adapted from Funtowicz and Ravetz 1993, p. 745)
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accidents, and the harm that would result from each of them. The general conclu-
sion of the American risk analysts was that although no one could guarantee a zero
risk, there was only a one-in-a-million chance of a serious nuclear accident in the
dominant reactor type occurring in any given year. In policy terms this was taken
to mean that the technology is safe. Then came the Three Mile Island incident, and
the general realisation that a core meltdown had been averted more by luck than
by design, and which led to the end of the construction of civil nuclear reactors in
the USA. Now we may well ask what sorts of scientific professions are capable of
managing the emerging problems of safety, health, environment and ethics within
the new technologies of genomics, robotics, artificial intelligence, neuroscience and
nanotechnology. That’s why post-normal science is now on the agenda for all debate
about science.

The essential insight of post-normal science is expressed concisely by the
rainbow-quadrant diagram. It reminds us that there are hosts of urgent policy prob-
lems involving science, for which routine expertise is totally inadequate, and for
which even the best professional knowledge and judgement are insufficient. This
happens when, as in the outer strip, systems uncertainties and/or decision stakes
are large. But if all the trained people can’t tell us what to do, how are we ever to
make good, correct decisions on these difficult and urgent issues? Such situations
are also characteristic of transdisciplinary research. The essay by Hindenlang et al
in this volume describes what might be a type-case: the impact of herbivores on tree
regeneration. There are sharp conflicts of interest between hunters and conserva-
tionists, and so deep is the disagreement and confusion that ‘stakeholders often fail
to discriminate between scientific facts, value judgements and intention’.

23.3 The Need for Dialogue in Science

When we come to the situations where post-normal science is appropriate, where
uncertainties and value-loadings cannot be denied, that old model of scientific
demonstration is inappropriate. Instead we need dialogue. In this situation, everyone
has something to learn from everyone else. Of course the experts will have a special
command of the more technical issues. But others might know better how well,
or how badly, the scientific categories fit in with the reality that they experience.
These are the members of the ‘extended peer community’. Many policy debates
hinge on ‘safe limits’. A person doesn’t need a Ph.D. to be able to ask intelligent
questions about safety tests, and to inquire whether they are truly realistic in rela-
tion to practice. We might query whether lab tests or surveys, even if performed
quite properly using ‘applied science’ criteria, might turn out to be irrelevant or
misleading if applied uncritically in a post-normal situation. Thus, we might need
to know whether the sample populations in a study included (for example) children
and pregnant women, or animals that breathe air close to the soil. Or we might
need to know whether the specifications for safe use of equipment are likely to be
respected in real industrial or agricultural situations (it is prudent to assume that
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they are not). People with local or practical knowledge can spot these sorts of flaws
more effectively than experts who are trained in a standard doctrine.

There is an ever increasing stream of ‘dialogues’ and ‘consultations’ on science
and technology policy. It is very easy to see which are genuinely post-normal, and
which are some sort of exercise in manipulation. Is there a genuine extended peer
community, in which all sides learn from each other? If not, then the exercise will
be fairly low down on the classic ‘ladder of participation’ of the American Sherry
Arnstein (Arnstein, 1969).

23.4 Science from the Post-normal Science Perspective

In order to facilitate that process, we will review some of the insights of the post-
normal science approach. First, we recognise that we are now going through a rev-
olution in our implicitly assumed conception of science. It is now common sense
that science does not deliver certainty, nor is it free of values, personal judgements
or institutional agendas. The faith in the truth and objectivity of science, established
by Descartes and Galileo, is overthrown. In policy issues, the facts are frequently
inconclusive. Their selection and shaping depends on the choice of problem, which
in turn is influenced by the framing of policy issues; and this is a matter of poli-
tics. In many policy issues involving science, our ignorance is more important than
our knowledge. After centuries of triumphalism, the rule of dogmatic science is at
an end.

This loss of faith in science derives partly from the character of science based
technology in the ‘knowledge economy’. Those who prophesied the growth of hith-
erto unimaginable powers over nature never thought that those powers might run
out of control. But these powers are now commanded partly by agencies working
outside a political and moral consensus. And even those agencies themselves cannot
prevent the occurrence of ‘unintended consequences’ of all degrees of severity. Any
genuine understanding of a technology must now take into account malevolence; not
only of those attacking the technology (such as hackers), but also of those applying
it to anti-human ends.

These developments are well appreciated by the new public, which is required
by the knowledge economy to be sophisticated in order to produce and to consume
its products. (Who has not witnessed the effortless mastery of IT systems by the
young?) Thanks largely to the environmental crisis, the sophistication of this new
public now extends to assessing the whole interrelated system of production, con-
sumption and governance; increasingly,‘consumers’ become critical citizens. While
the legitimacy of actions of the modern state depends strongly on public welfare,
the authority for its policies depends, in the last resort, not on divine sanction or
birth or wealth (as in the past), but on science. When official science is revealed
as incompetent or corrupt, there is a recognised ‘crisis of trust’. When people ask,
‘Why should we begin to trust you now?’ after scandals like BSE in the UK, the
crisis of governance, focused on science but not restricted to science, is real.
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23.5 A New Post-normal Methodology for Science

Under these new post-normal conditions, science is conducted in different ways.
As we say, PNS applies when, typically: facts are uncertain, values in dispute,
stakes high and decisions urgent. Quality assurance of both process and product
can no longer be left to a community of disciplinary ‘peers’; the task requires an
‘extended peer community’. Their contribution is not restricted to putting critical
questions to the experts. In their creative engagement, they will ask open-ended
questions like ‘what-about?’ and ‘what-if?’. Through their participation they will
develop a sense of ownership of the problem, which is crucial for their motivation.
This is well described by Held and Edenhofer in their essay in this volume (Chap-
ter 12). Also, they will deploy their ‘extended facts’, which can include anecdotal
evidence, confidential information, local knowledge and ethical commitments. A
practical example and a theoretical context of these ‘extended facts’ is provided in
the essay by Després et al in this volume (Chapter 21). The example they give is the
aging suburbs of Québec, where an Interdisciplinary Research Group on Suburbs
created a participative design process; and where, inspired by Habermas’ Theory
of Communicative Action, they classified knowledge in four categories: scientific,
instrumental, ethical and aesthetic. The latter source of knowledge includes artists
and designers, and citizens.

Under these new conditions, we move from the traditional dream of conclusive
scientific demonstration to the new ideal of dialogue for reconciling real antago-
nisms. The truncated self-awareness of scientific expertise, necessary for its reduc-
tionist strategy, is being replaced by an enhanced self-awareness of all participants,
which includes their own uncertainties and commitments. The extended peer com-
munities contribute special insights and forms of creativity, so that previously insol-
uble problems become occasions for new forms of knowledge and social action.

This post-normal awareness includes the recognition of the inescapable value-
loading of every inference; statistical or scientific. The choice of confidence-limit in
every statistical test embodies the value-laden decision between the errors of excess
selectivity and of excess sensitivity. When, as is now typical, the scientific evidence
is inconclusive, there is a policy driven choice between principles of inference. At
one extreme is the principle that absence of conclusive evidence of harm is equivalent
to conclusive evidence of absence of harm. At the other extreme is the principle that
absence of significant evidence of harm is equivalent to suggestive evidence of official
concealment of harm. Such choices are at the heart of the post-normal condition; they
cannot be reduced to hard facts or to political or scientific authority. Methodology is
now politicised, and is itself part of the post-normal processes of debate.

23.6 ‘Safety’ as a Theme for Post-normal Science

A new sort of science, that must to some extent arise in opposition to this trou-
bled mainstream ‘globalised’ science, can be organised around a new theme: safety
(Ravetz, 2003). The traditional goals of Western science, knowledge and power, are
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compromised under the new conditions of the knowledge economy. What industrial
innovation, however beneficial in the long run, has not had its investment motivated
by either Profit, Power or Privilege? The very achievements of science in improving
the living conditions of at least the world’s rich, have created the need for a new
ideal. Its successes in producing safety, locally and in the short run, have in the long
run, created new dangers for the whole planet. The attempted reduction of ‘safety’ to
‘acceptable risk’ will prove as unsuccessful as the nuclear power industry for which
it was developed. By contrast, ‘safety’ is a complex, post-normal concept, which is
at once pragmatic, recursive and ethical. It is full of paradoxes, as in the question,
‘how safe is safe enough?’; and these remind us that it is a post-normal concept, not
amenable to linear, reductionist reason.

The sciences of safety develop their own methodologies, which can be seen in
their characteristic leading questions. In the search for knowledge, the leading ques-
tions are ‘what/how?’; and in the development of devices, they are ‘how/why?’.
In the post-normal sciences of safety, the leading questions are ‘what-about?’ and
‘what-if?’ (Ravetz, 1997). Such new questions are calling into being the correspond-
ing new techniques of inquiry and with them the appropriate social institutions and
practices. They are the natural questions for members of the extended peer commu-
nity, just as they are strange and unnatural for those trained in the myopic puzzle
solving of ‘normal science’.

23.7 Post-normal Methodologies

Post-normal science requires new methodologies, and is in the process of creating
them. On the more narrow front of the technical management of uncertainty, there is
the NUSAP family of methods of assessment of the qualitative aspects of quantita-
tive information. In its original form, this provides five categories for characterising
any quantitative statement: Numeral, Unit, Spread, Assessment and Pedigree (Fun-
towicz and Ravetz, 1990). This has now been developed into a very powerful tool
by the collaboration of Jeroen van der Sluijs at Utrecht University with colleagues at
the Netherlands Environmental Assessment Agency (RIVM/MNP) notably Arthur
Petersen (see Jansenn and van der Sluijs, 2003). Through a set of check-lists, this
provides practitioners in any field with qualitative aspects of their quantitative in-
formation. It also provides the users of such information with a perspective on its
strengths, limitations and weaknesses. In that way, it contributes both to its more
effective utilisation, and to strategies for its improvement. It enables a true dialogue
between equals: between all the members of the extended peer community.

On the social side, there is a growing family of methodologies for structuring
dialogue on the post-normal issues. They have a great variety of forms and political
functions. In all of them, there is an attempt to integrating, indeed to reconcile, the
very different sorts of knowledge characteristic of the scientific approach, including
IT techniques, with the involvement of citizens in an extended peer community. On
the social side, ‘community research’ and ‘democratising technology’ are vigorous
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new growths (The Institute for Community Research, 2003; Wakeford, 2004). In
this volume, Schelling et al. show how the nomadic pastoralists of a very poor
country can perform their own effective quality control on sophisticated medicines,
and convince the scientists of the correctness of their assessment (in this instance,
that the anthrax vaccine was contaminated). Indeed, all the projects discussed in this
volume can be seen as examples of the post-normal science approach, enriching its
insights through their own practice.

The practical achievement, in the creation of such new tools for the improvement
of scientific work, is considerable. The philosophical contribution of this approach
is equally important. It shows that the demise of the long-standing dogmatism of sci-
ence need not lead to a postmodern anarchy of nihilism or of relativism about facts,
values and reality. We can grant that scientific knowledge, like any other image of
reality, simultaneously reveals, distorts and conceals. The great philosophical chal-
lenge of our time is to comprehend these apparently contradictory, but actually com-
plementary, aspects of knowledge. With a holistic, systems conception of knowledge
itself, it is possible to undertake the reconstruction of our philosophy of scientific
knowledge, with its varied dimensions of knowledge, power and experience.

23.8 Conclusion

This new philosophy of science is not merely a matter of a better understanding of
the world. As we contemplate the impending decline of American based globalisa-
tion as a hegemonic world order, along with the aggravating global ecological crisis,
the task of constructing an appropriate new philosophical synthesis takes on great
urgency. We need a conception of scientific knowledge that is not so much designed
for the traditional societal goal of the attainment of power, as for the urgent task of
the achievement of reconciliation.

We believe that the radical reform of the conceptions of science offered by post-
normal science will enable all practitioners in this area, including those in trandis-
ciplinary research, to be more imaginative and to produce a new synthesis of theory
and practice that will enhance our lives and lead to a truly sustainable society.
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Chapter 24
Learning from Case Studies

Wolfgang Krohn

Abstract The question of how transdisciplinary research contributes to scientific
knowledge cannot be answered without calling into question a broadly accepted
view of the nature of scientific knowledge. Transdisciplinary projects are mixtures
of idiosyncratic and nomothetic knowledge structures and the strategies combine
research, development, and implementation. The classification into four types of
learning offers an analytical view without forcing the projects into epistemic boxes.
Distinguishing different perspectives and models of collective learning lowers the
burden of legitimising the ‘scientific value’ of case studies. This attempt to un-
derstand transdisciplinary research from an epistemological point of view employs
categories developed in the 19th century for defining the differences between the
humanities and the natural sciences. Transdisciplinary projects are equally commit-
ted to the disciplinary knowledge bases of the natural sciences and technologies and
to the value-laden themes of the humanities, but also to procedural methods of the
social sciences.

Keywords: Causal analysis · Ideographic knowledge · Nomothetic knowledge ·
Recursive learning · Types of learning

24.1 Introduction

This chapter addresses the question of how transdisciplinary research contributes
to scientific knowledge. It cannot be answered without calling into question a
broadly accepted view of the nature of scientific knowledge. One of the essen-
tial features that gives knowledge the status of being scientific is its generality:
the less circumstantial and conditional an achieved piece of empirical knowledge
is, the higher its scientific value. Even though the history of science abounds
with rare discoveries and strange experiments of the highest importance, eventu-
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ally their scientific relevance depends on their actual or potential contribution to
theory. Admittedly, after the ‘experimental turn’ in the philosophy and sociology
of science, beginning with Hacking’s (1983) ‘Representing and Intervening’, the-
ory can no longer claim the top position in the advancement of empirical knowl-
edge. Still, it seems safe to state that knowledge production without the aim of
contributing to theoretical knowledge can hardly be acknowledged as a scientific
endeavour.

However, most cases presented in this volume are different. They exhibit three
characteristics that are not in accordance with the standard view. They emphasise

- the regional and social specificity of the objects or fields under consideration: the
study of real world problems;

- the participation of various groups with conflicting needs, interests, reasons and
values: involvement of heterogeneous actors;

- a procedural orientation leading to problem definition, conflict resolution, and
managerial implementation: deliberative strategic planning.

While theory oriented research aims at getting rid of contingent factors, in trans-
disciplinary research it is declared to be important to learn as much as possi-
ble about their specificity in order to include those factors in the projected mod-
els. One can argue that the move to specific conditions is typical of applied re-
search where existing knowledge is moulded to meet certain parameters, to be
commensurable with knowledge from other disciplines, to fit into stakeholder
interests, and to conform to political conditions. Important as this may be to
the success of innovative projects, most transdisciplinary research projects pre-
sented in this volume are more ambitious. They raise fundamental questions
concerning:

- the relationships between the social and the natural,
- the conceptual integration of views kept apart by disciplinary perspectives,
- the methods of modelling complexities and picturing scenarios,
- the epistemological coordination of different types of knowledge, and
- the integration of values and knowledge.

The questions go far beyond the clarification of pragmatic problems of knowledge
application, interdisciplinary communication and the negotiation of the expectations
of politicians, organised lobbyists and concerned people. As already reported by the
editors (Chapter 2) several observers have attempted to understand transdisciplinar-
ity as a foundation for reconciling the prospects of scientific knowledge production
and life-world concerns of people. If successful, it would contribute to changing
the self-description of science and to constituting new institutional frameworks for
coordinating research and reform. Is there a way out of the tension between the
moderate development of a methodical toolkit for applying knowledge resources to
local social and natural conditions and the ambitious new research agenda aiming
at a better theoretical understanding of complex problems? In what follows I sketch
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an epistemic model which gives coordinates to the tension without dissolving it.
However, it allows the question regarding the scientific value of transdisciplinary
research to be answered.

24.2 The Ideographic versus Nomothetic Controversy

The distinction between locally adapted and theoretically generalised knowledge
was already at the heart of a 19th century controversy about the respective merits
of the humanities and the natural sciences (Chapter 2). The assumption at the time
was that they were based on different ideals, called the nomothetic and the ideo-
graphic ideals: stating laws versus describing the characteristics. I do not use the
terminology in order to return to the unfortunate division between disciplines, but
because it seems helpful in developing an understanding of the epistemic specifics
of transdisciplinary research projects. In the words of its inventor, philosopher Wil-
helm Windelband, the terms are explained as follows: ‘in seeking knowledge of
what is real, the empirical sciences are looking for the general in terms of natural
laws or for the singular in historically determined shape; they consider partially
the steady form and partially the unique self-determined content of the real events.
Those are sciences of natural laws, these are sciences of events’ (Windelband, 1894).
Transdisciplinary research projects cannot be positioned precisely. Usually these
projects are case studies and the epistemological ambivalence seems to be an es-
sential feature of such case studies. On the one hand, they heavily rely on, and
expand, the nomothetic knowledge bases of the sciences. On the other hand, they
focus on the case’s peculiar, if not unique characteristics. To fully understand these
is as demanding as any study of historical or cultural events. Nomothetically, a case
is taken as an exemplar of a more general kind and its specific features will be
neglected. Eventually it becomes an abstract instance of a general law (e.g. a falling
body as an instance of gravitation). Ideographically, the case is taken as an object
to be valued for its unique composition of highly specific features: it counts in its
own rights (e.g. a falling Chinese vase). Windelband’s disciple Heinrich Rickert
made the neglect of or emphasis on values the discriminating criterion between
the two explanation ideals: ‘There is not only a necessary connection between the
generalizing and the . . . value-free observation of objects, but also a necessary con-
nection between the individualizing and the value-laden understanding of objects’
(Rickert, 1924).

Windelband and Rickert wanted to appease the heated controversy between the
natural scientists’ reductionism and the culturalists’ holism. The reductionist claim
is that whatever can be explained by science is covered by general laws. The holistic
claim is that an understanding of any historical, cultural and even natural event pre-
supposes an acquaintance with its complex unity or totality. Whether explanation
by laws, or understanding by insight is chosen, depends on interest and context.
Transdisciplinary research, it seems, is somewhere in between. The projects either
oscillate between both ideals, which is unsatisfactory, or they strive for a new episte-
mology, thus going beyond the alternative. This, however, is much easier proposed



372 W. Krohn

than done. In the following I describe and arrange the aspects of the epistemological
problems without pretending to solve them.

To begin with, I consider how non-scientific actors bring in the ideographic fea-
tures of a project. Most importantly, local actors care for their case, and not for
any general knowledge. They force researchers to be as specific as possible and
develop their models and scenarios close to the circumstantial conditions. To solve
the problem ‘in principle’ would not be acceptable to the audience and the local
actors who push the case. If the knowledge bases and methods of scientific experts
cannot sufficiently treat the subtleties of the case, local experts and practitioners fill
in with their experience based knowledge. Negotiating the acceptability of the re-
search strategy with local authorities, concerned people, and lobbyists of organised
interests, compels the experts to be as explicit as possible about potential risks and
uncertainties. Each case has its individual value, because the involved actors are
engaged in solving their specific case, not a general problem. If local actors were
invited to use their case as an appropriate example for finding a general solution
to related cases their motivation would decline. They do not want to use their case
because, in an essential sense, they are part of the case. Eric Higgs in his influ-
ential ‘Nature by Design’ wrote: ‘Thousands of restoration projects take place in
North America each year. Many are community-based efforts that rely on volunteer
support. The act of pulling weeds, planting, configuring a stream bank to match his-
torical characteristics or participating in a prescribed fire that returns an old process
to the land helps develop a ferocious dedication to the place. By investing labor
one becomes part of that place’ (Higgs, 2003). In short: stakeholders are driven by
idiosyncratic concerns.

Scientists, in turn, are professionally trained to search for the more general fea-
tures of a case, and they do so in several respects. Firstly, they try to see the case as
an exemplar of similar cases so that knowledge applied successfully in one situation
can be expected to work in another; and that knowledge achieved in one situation,
can be tested elsewhere. Any such generalisation remains, of course, hypothetical;
but not to work for it would be a rather unscientific attitude. Secondly, they are
interested in developing methods and models that are consistent over more than one
case. Thirdly, causal explanation of what happens when certain measures are taken,
presupposes the need to distinguish between dependent and independent variables.
This can be done only with a model that has a nomothetic structure. Fourthly, and
perhaps most importantly, non-scientific actors (stakeholders and local authorities)
wish to know as precisely as possible, what the state of the nomothetic art is and how
experienced the experts are in handling similar cases. The non-scientific concerns
that make a project highly specific have to be addressed by testimonies based on
nomothetic reliability.

A further feature is added by the impact of the humanities, cultural studies and so-
cial sciences on at least some of the transdisciplinary projects. I have mentioned the
idiosyncratic values of stakeholders. Though important, they are not exactly of the
kind Rickert had in mind. Values that distinguish a case as being unique usually refer
to categories that belong to the domains of these sciences. We speak of traditional,
aesthetic, ethical, religious, and environmental values. When Rickert proposed
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values as responsible for perceiving and understanding the distinctive characteristic
of something, he referred to the knowledgeable value judgement of scholars. Even
if this may not directly apply to problem driven transdisciplinary projects, it can be
said that relevant values attached to the problems have to be interpreted and ordered
within the context of scholarly informed knowledge, e.g. in the context of urban
architecture, ecological restoration, or landscape management. Rickert’s philosophy
of the humanities was formulated from the standpoint of hindsight as his paradigm
discipline was history. The ideographic model as the name implies, does not call
for action; but from the perspective of action oriented transdisciplinary research the
challenge is to integrate ideographic features into strategic planning. They cannot
and should not simply be absorbed as they are contingently present, but must be
transformed by a project to fit the natural, social and cultural concerns.

In short: nomothetic and the ideographic ideals are perhaps still to find a place in
leading reference disciplines, but transdisciplinary projects cut through the differ-
ences and search for methods, models and concepts to manage the coordination or
even integrate the perspectives.

24.3 Ideographic and Nomothetic Features
in Transdiciplinary Research

Before taking the next step a brief look at some of this volume’s presentations will
give evidence to the combined presence of ideographic and nomothetic features in
transdisciplinary projects. The project, ‘Constructing Regional Development Strate-
gies’, presents a method ‘to tackle real world problems in multi-actor contexts’
(Chapter 14). The method is in itself an example of nomothetic orientation applied
‘from urban and rural cases to business cases, all dealing with complex, ill-defined
problems concerning human–environment interactions’. The method provides for
the involvement of concerned individuals and institutions, not only to include their
‘specific expertise’, but also to support their ‘motivation’ by developing a ‘sense of
ownership’. Here the value dimension becomes obvious. However, the case owned
by the participants is also an ‘example’ for a variety of similar rural projects. The
scientific stakes are made very clear: ‘A case has to be selected from the viewpoint
of science, which aims at deriving generally valid insights from a number of re-
spresentative cases. . . . A case represents a general problem, but in its specific and
unique shape’. This is a self-description, which carefully balances the weights of
ideographic and nomothetic concerns.

Other cases shift emphasis towards the nomothetic. The Project ‘Fischnetz’ at-
tempts to identify the causes for the shrinking of the brown trout population. Dif-
ferent locations have been chosen in order to include ‘varying characteristics to
represent the range of conditions’ (Chapter 8). Still the project is considered to
be transdisciplinary. It has integrated local knowledge for the various sites, turned
stakeholders into co-researchers participating in as many as 77 subprojects. From
a scientific point of view, it was clear from the beginning that to find a generally
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valid causal mechanism for the decline would be of higher value than tinkering
independently with each case. Even if the different sites are considered unique, and
‘owned’ by the stakeholders, the vanishing of the trout is not.

Interesting with respect to nomothetic and ideographic tension is the case of
CITY:mobil (Chapter 6). From the very beginning the project aimed at perceiving
and solving a general problem pertinent not only to locality but to modern life style.
The objective was to develop a general concept of sustainable mobility, which could
be broken down into local strategies. Still, the project was transdisciplinary in its
attempt to integrate heterogeneous actors and their ‘contradicting normative, sci-
entific, and political claims’. However, conceptual work and implementation were
separated so that the ideographic constraints did not impact on the learning process.

Almost opposite are the projects that were clearly performed for the purpose of
developing local management strategies. Cases in point are the project of Schelling
et al. (Chapter 17) in the service of nomadic pastoralists and the project of Hinde-
lang et al. aimed at understanding and minimising the damage caused by hoofed
animals in forests (Chapter 20). Both projects were absolutely local. But long-term
observation and monitoring have been established to satisfy the demand for badly
needed nomothetic knowledge.

The confluence of value concerns and nomothetical theory orientation is espe-
cially visible in Baccini and Oswald’s project (Chapter 5), ‘Designing the Urban’.
The report nicely describes the discipline based cognitive barriers between the archi-
tects/urban planners and the natural scientists/ecologists. In the internal terminology
the former were the morphologists (who formed the ‘Gestalt’), the latter the physi-
ologists who care for nomothetic functions. Their cooperation aimed at developing
a completely new view of the general issue, the so called urban sprawl. Their theo-
retical model of the structures and functions of the typical modern urban system is
a rare example of interdisciplinary theory formation. On the other hand, they leave
the attempt to define the ‘good city’ (i.e. the problem solution) aside, because ‘the
best method for defining the ‘good city’ is based on participatory, transdisciplinary
work. We can only learn what a ‘good city’ is in the relevant social context’. Here
again, it can be observed how the value dimension is related to the ideographic case.
Only those who experience city life are entitled to evaluate the quality of city life.

In general, transdisciplinary research projects combine ideographic concerns
about problem solutions with nomothetic expectations of generalised knowledge.
They may put more weight on one side or the other, but both orientations are present.
Typically, non-scientific representatives emphasise the local robustness of a solu-
tion. Scientists or professional experts expect contributions to nomothetic knowl-
edge. For local actors the project is not a ‘cool case’. They are attached to the values
of the case, because it is part of their life-world. The Rickert principle, involving the
values and the holistic shape of an ideographic case, holds true. Although scientists
doing research in the realm of ecological issues can become attached to a case and
treat it for its own sake, as scientists they want to learn some lessons for the next case
and they hope to add some piece of knowledge to their research field. It is an impor-
tant observation that in all projects methods are put forward which help to integrate
conflicting interests, divergent views, disciplinary knowledge bases, and local expe-
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riences. These methods aim at consistency in the problem definition and at political
effectiveness for implementing solutions. They methods assist in generating a valid
ideographic model. Several project reports state that methodological work using
such integrative methods is an important part of transdisciplinary research. One can
say that the methodology of transdisciplinary research is one of the fields where
generalisations are expected, since they are needed in all projects where the object
demands ideographic scrutiny. However, these generalisations are not given without
the proviso that their application to another case needs to be carefully adaptated to
that case’s peculiarities.

24.4 Learning from Case Studies

The guiding question ‘what can be learned from transdisciplinary research projects?’
is not yet answered. Are the cases telling us that some nomothetic lessons can be
learned despite their situational conditions, or that lessons can be learned because
they are embedded in real world contexts? There is no easy answer. Apparently the
despite version is closer to the accepted methodology of the natural sciences (see for
an elaboration of this view Shrader-Frechette and McCoy, 1994). But the because
version is perhaps more appropriate, since – if the apparent semantic contradiction
is allowed – contingency is essential in transdisciplinary research. If this is so, it is
tempting to introduce a type of learning capable of coordinating the two ideals by
finding general laws and understanding through knowing the specific shape. In the
search for this type of learning, I propose to look at what may be called expert learn-
ing. Experts expand their knowledge base, not only by generalising experience, but
also by becoming more and more experienced in seeing the specifics of a new case.
Experts become steadily better at knowing more about their field and in interpreting
various, seemingly contingent details (including surprises). Experts exist in numer-
ous fields, in which being sensible to the case and having access to a knowledge base
are related. Among the best known are doctors who are highly esteemed because
they can relate seemingly accidental symptoms to general features of a disease to
form a diagnosis. Other examples of experts are mountain guides, software main-
tenance specialists, management consultants, lawyers, or safety engineers. Just like
the doctor they all are especially helpful if something goes wrong. Their ability to
identify problems and suggest solutions does not seem to be governed by methods
of induction or deduction, but by making use of a knowledge base that combines
the singular and the general by means of the typical. The nomothetic part of the
knowledge base consists of more or less codified professional knowledge, which can
be learned, but cannot be reliably applied without practical training. Its ideographic
components result from the specialists’ memorising highly specific cases they have
been involved in. However, what makes an expert better is not the pure sum of
well documented cases, but the ability to take features of the cases to be typical.
Since every new case is different, it is the ability to operate with similarities and
dissimilarities across various cases. Expert work combines professional care for a
given case and learning from that case, thus expanding the knowledge base, which
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in turn assists the more precise understanding of the next case. Generalisation is not
helpful, because the knowledge base never becomes independent of the cases that
structure the field; it cannot deductively be applied.

If one wishes to give a term to this intermediate learning between nomothetic
and ideographic knowledge a reference to the Kantian term of reflexive judgement
can be helpful. Experts expand their capacity to properly judge the next case. They
become more prudent. I consider enhancement of judgement and prudence a form
of learning that shares the broadening of the knowledge base with the ideal of gen-
eralisation; and shares the enhanced ability in understanding a case in its peculiarity
with the ideographic ideal. The categories point towards a better understanding of
the kind of learning achieved in transdisciplinary research projects. Anyway, the
tension between ideographic and nomothetic explanation ideals should be accepted
and used to develop a new model of learning which combines in situ innovation and
scientific research.

The most obvious objection to calling transdisciplinary researchers experts and
seeing research results as expertise is that it unduly downplays the scientific efforts.
However, expertise does not say anything about the amount of research needed to
make it reliable. The transformation of ill-defined complex problems to manageable
innovative strategies can be extremely demanding. Or, in other cases, it can easily
be done by the ‘experienced’ expert. Seen from the perspective of non-scientific
actors, expert advice drawn from a reliable knowledge base and without the need to
immerse all actors into the opaque waters of open questions would presumably be
highly valued. Too many open questions that are out of reach of reliable theories and
technologies certainly do not add to the trust between scientific and non-scientific
actors. On the other hand, the scientific value of projects increases if solutions to
difficult and complex problems are presented. If a transdisciplinary research project
predominantly relies on adapting approved knowledge to a given case, the research
does not aim at generating new knowledge. If the project ventures too far into new
fields, the increasing research risks affect the innovation process. Expertise as a
concept of knowledge that integrates some features of both the nomothetic and ideo-
graphic ideals is worth considering in more detail. This would include looking more
closely at the results of transdisciplinary projects and observing how knowledge
production relates, on the one hand, to options, strategies and decisions, and on the
other, to the improvement of methods and models.

24.5 Types of Transdisciplinary Learning

So far I have made two major points with respect to the scientific nature of trans-
disciplinary research results. First, the knowledge produced relates to objects that
combine, in varying proportions, features of culturally valued units and theoretically
determined objects. Second, expert knowledge adds scientific value to projects: this
knowledge is located somewhere between generalised theoretical knowledge and
practical case solution. In the following, I assemble both these aspects in a rather
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simple two dimensional schema (Fig. 24.1). It maps on one axis the relevance of
situational factors – high in ideographic, low in nomothetic cases – and on the other,
the degree of research invested in a project. If orthogonally crossed, the dimensions
provide four types of transdisciplinary research–learning, to which I have given pro-
visional names. The horizontal dimension refers to the content of a project and maps
the ideals of nomothetic explanation and ideographic understanding. The vertical
dimension refers to the kind of research activity stretching from applying tried and
tested routine knowledge, to generating completely new theoretical, methodical, or
empirical knowledge. The first dimension can also be called ontological or content
related, the second epistemic or knowledge related.

A short description of these types: the upper two types are research intensive
with respect to understanding and solving the problems. If the essential features
of a case can easily be isolated from its environment, and the parameters are con-
trollable, research can move towards causal analysis or ‘laboratory research’. Non-
scientific actors can strongly participate in setting the agenda determining boundary
conditions; however, their local experience is less important. If, on the contrary,
the essential features of the case are ideographic, then situated knowledge, local
concerns and values count. Cases are shaped by carefully integrating various per-
spectives. This can rarely be done in one step, but by recursive intervention. Real
world experiments (Groß et al., 2005) are prominent examples. The lower two types

Fig. 24.1 Types of transdisciplinary learning
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pose fewer research risks, because either research results are already available, or
they are not expected to be obtained. Technological implementation usually uses
high amounts of nomothetic knowledge and is innovative only in combining it in
a new design. If the case does not allow for much knowledge production and in-
cludes ideographic peculiarities, the best way to proceed is to organise participatory
counselling and hope to find a broadly accepted solution. The diagram is a variant
of a schema developed by Groß et al. (2005) for the analysis of ecological real
world experimentation. It also bears some similarities to the diagram proposed by
Funtowicz and Ravetz, but it would need some efforts to compare the parameters
and types (Chapter 23).

As we have seen, transdisciplinary research projects are not ideal types but
transgress the boundaries. Even if some projects predominantly fit into one quad-
rant, some components will belong in other quandrants. Furthermore, the time tra-
jectory may lead them through several of the fields. Most projects are difficult to
classify in such a schema – not because they don’t fall into one of the boxes, but
because they belong in more than one. A fair mapping would not locate the projects
as points but give them a certain space and shape spreading them over the quadrant’s
fields. The schema is introduced here in order to provide a more analytical approach
for understanding the learning effects of transdisciplinary research projects.

24.5.1 Causal Analysis

If in a project the ideographic factors are low and there is an intent to generalise the
findings, the advancement of nomothetic knowledge is predominant. Many exam-
ples of this kind relate to problems of health, long-term ecological hazards and other
risks. They aim at determining and controlling the causes of risks either by statistical
analysis or by identifying causal mechanisms. As many potential risks cannot be
studied in the laboratory and frequently need collaboration from practitioners the
design of studies will be transdisciplinary, whether or not this term is used, e.g.
medical release trials usually include practitioners and patients. Field experiments
with genetically modified organisms need the cooperation of farmers, regulatory
boards, stakeholders and firms. As scientific knowledge production in a real world
setting is the predominant purpose, measures are taken to arrange and control the
conditions as accurately as possible. Causal analysis of this kind is an extension
of laboratory research beyond the institutional limits of science. It is socially ac-
cepted, politically supported, and legally admitted because the expected knowledge
is needed in a general context, e.g. the health care system or environmental policy. It
may well be argued that the complete set of ideas forming this ideal type – controlled
observation, inference of causes, predicition and control – is no longer applicable
when the complexity of the real world counts. Basically, the argument is sound.
However, it cannot be doubted that singling out certain cause-effect relations can
lead to breakthroughs in many problem areas. I have already mentioned domains
where the avoidance or at least the control of risks is essential. It is interesting to see,
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how the public debate here re-establishes the almost forgotten myth of the Baconian
experimentum crucis. Are genetically modified organisms harmful? Is low radiation
a hazard? Is a new drug free from side-effects? Only transdisciplinary research,
including field experiments, epidemiological research on users of technologies and
medical release tests, can give answers. The answers are rarely precise enough to
settle the case. Commenting on the British field experiments, designed and polit-
ically established in 1999 to measure the effects of herbicide tolerant genetically
modified crops, Lezaun and Millo (2004) wrote: ‘Experiments may not dispel un-
certainty or produce the consensus necessary to chart a broad regulatory discourse,
but they help to define and legitimise specific decisions at important crossroads’
(Lezaun and Millo, 2004). This is a politically moderated version of the decision
experiment. It would be strange to refrain from performing causal analysis because
experiments and statistics do not lead to clear cut answers when matters are com-
plex. Even if only a few transdisciplinary research projects can be seen as represent-
ing an ideal example of causal analysis, its methodical virtues are present in almost
all cases.

24.5.2 Recursive Planning

If the expectations of new knowledge are high but its validity is limited to the
solution of a particular case with highly idiosyncratic social and natural conditions,
a completely different methodological approach is needed. Examples are environ-
mental projects: natural resource management, ecosystem management, ecological
restoration and the like. The objects of concern are valued because they are special,
rare, and endangered. The leading methodological idea is that all action directed at
shaping a system unavoidably becomes a component of it. The predominant idea
is not to find causal links between single inputs and effects but to study the highly
unpredictable changes in the system. Some years ago computer simulation games
were invented by psychologists and ecologists in order to train players to improve
the development of poor cities, communities or countries. The games simulated the
recursive dynamics of systems, the unforeseeable effects of intervention, and the
difficulties of understanding complex systems (Dörner, 1997). As in reality, every
intervention becomes part of the system’s operational dynamics and cannot be un-
done. Reality does not have a reset button. The term ‘recursive learning’ denotes the
ongoing interplay between intervening and observing, which either leads to nothing,
to destruction, or to an adapted management of the system’s development. The case
of planning by means of recursive learning is epistemologically interesting. Most of
the systems – rivers, regions, traffic, landscapes – are so complex that their course
of change triggered by interventions cannot reliably be predicted. This means in
turn, that even a perfect scientific model of the system – whatever that is – would
not really help. Trialling, monitoring, accounting for surprises and adapting action
is the cycle of learning, which can hardly be overcome by better theoretical knowl-
edge. The best available knowledge explaining complex systems states that they
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are intrinsically unpredictable. In other words: nomothetic knowledge about the be-
haviour of complex systems exists only at the metalevel. The ‘laws’ of complexity
explain that a system’s reaction to interventions cannot be predicted. One of the
great achievements of classical science was the combination of explanation and
prediction. However, complex systems in real world contexts can be described as
unpredictable: it can be known, that future states cannot be known. The nomothetic
background of this statement is the theory of non-linear dynamic systems if, and
insofar as it is applicable to transdisciplinary research projects, it gives weight to
research that takes a single case and tries to follow its unique development and
understand its specific reactions to interventions. A well developed epistemology of
this kind of research was put forward by Lee (1999) on behalf of the ‘Resilience Al-
liance’, which builds on the ideas of the adaptive management approach to ecosys-
tems (Holling, 1978). It is a strategy for improving policies and practices by learning
from practice, as well as from the general research programme, in order to reach a
new understanding of resource management and sustainable development.

24.5.3 Technological Implementation

In many cases transdisciplinary projects are also involved in technological imple-
mentation. Modern technologies can be considered as linking mechanisms between
science based technological knowledge and social innovation. Even if the design
of a new technology is much more capable of negotiating alternative options, it
should be kept in mind that a large amount of reliable technological knowledge
is available. Technological knowledge is nomothetic knowledge made applicable
for use and made reliable by standards and norms. Technological implementation,
understood as defining and putting into practice a technological solution to a com-
plex problem, presupposes a lot of integrative work in combining the thousands of
components. Construction of high buildings, bridges, airplanes or dams are cases in
point. Transition towards recursive learning is becoming more frequent, since new
technologies in the context of ecological innovation need step to step adjustments.
Surprises and failures have become a routine experience of modern technology and
can only be eliminated over time. Also, the distinction between implementation and
theory oriented research can be transgressed if new technological solutions lead into
unexpected open questions. Still, it is meaningful to distinguish between a type of
innovation that, by and large, can rely on technological know-how that is already
applied and approved, and is not intended to drift into open research. Transdisci-
plinary research projects of this kind apply features of industrial innovation to solv-
ing problems of ecological modernisation. As far as it goes, it is of great relevance,
especially with respect to non-scientific actors. If technological experts can offer
an action plan at the heart of which there is a feasible technology, the uncertainties
of research and learning can be reduced, planning can be based on firm grounds,
and the conditions of acceptability specified. In this sense Jahn and Keil correctly
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state: ‘There are numerous problems, which can be treated within the engineering
approach of goal oriented multidisciplinarity’ (Becker and Jahn, 2006).

Admittedly, there are rather narrow limits for this type of project. Usually
the problems are ill-defined and complex and don’t allow for a technological
fix.Furthermore, technological experts tend to overestimate its usefulness and
underestimate open questions of feasibility and side-effects. However, every trans-
disciplinary project contains modules, which come close to this type and are es-
sential to the project’s success. With respect to learning, every new case adds to
the stock of knowledge applicable to similar problem constellations. Its value is
‘reliability’ based on theoretically founded disciplinary knowledge, routines of me-
thodical application, and case by case experience.

24.5.4 Consulting/Counselling

If the transdisciplinary problems are highly idiosyncratic and not well understood
by the sciences, experts and researchers can still contribute advice, offer strate-
gies and develop scenarios. However, unlike in technological implementation type
learning, in consulting/counselling the risks are almost completely shifted to the
non-scientific actors. The politics of the projects, in terms of getting stakeholders
involved, finding the common denominator of interests, and negotiating the distri-
bution of costs and benefits, dominates the procedures. Carriers of scientific knowl-
edge cannot contribute much; expectations of quick research results are illusionary.
Specialists for organising, managing, and monitoring the social dimensions of the
project can play an important role and guide it to success or failure. Respectively,
scientific learning refers predominantly to improving the tools for performing trans-
disciplinary research projects. It is a field where social scientists, who study the
adequacy, fairness and efficiency of various models of participatory procedures, are
especially needed. In a certain sense, the models can be called social technologies
of deliberative democracy. They can be tested and improved, as can any technology,
and there are experts to evaluate their appropriateness and manage their application.
Even if the body of knowledge with respect to the objective at stake is thin, the
knowledge about procedures for getting people and parties involved, negotiating in-
terests, ordering values, forming consensus, and monitoring progression and failure,
has accumulated considerably (Renn et al., 1995; Abels and Bora, 2005; Chapter 20;
Chapter 21).

24.6 Conclusion

As already mentioned, a precise subclassification of transdisciplinary research
projects into the fields of the schema would not be adequate. Usually they consist of
modules that conform more or less to the characteristics of one of the fields. In the
terminology adopted here transdisciplinary projects are mixtures of idiosyncratic
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and nomothetic knowledge structures and the strategies combine research, devel-
opment, and implementation. The classification into four types of learning offers
an analytical view without forcing the projects into epistemic boxes. Distinguishing
different perspectives and models of collective learning lowers the burden of legit-
imising the ‘scientific value’ of projects. If they are strong from one perspective they
need not attempt to exhibit their strength in others. If a project is excellent in solving
a highly ideographic case this is a welcome scientific contribution to local politics.
Its value is not downgraded if there is no considerable contribution to theory. If, in
turn, causal analysis promises a theoretical breakthrough without immediate payoff
for practical solutions this is also acceptable. Most transdisciplinary projects aim at
all four fields and classification may help to understand what weight is put on the
different types of learning.

This attempt to understand transdisciplinary research from an epistemological
point of view has employed categories developed in the 19th century for defin-
ing the differences between the humanities and the natural sciences. Transdisci-
plinary projects bridge these differences. The projects are equally committed to the
disciplinary knowledge bases of the natural sciences and technologies and to the
value-laden themes of the humanities and – as we would add today – to proce-
dural methods of the social sciences. There is no environmental concern without
seeing nature in its cultural dimensions; there is no solution to any problem without
integrating human actors in its definition. However, if the metaphor of ‘bridging
differences’ is taken seriously, the conceptual coordination between generalising
knowledge to formulate laws and specifying knowledge to address unique events
leads to confusion. This essay does not pretend to have dissolved confusion. It has
aimed at making visible, how epistemologically exciting the new approaches of
transdisciplinary research can be.
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Chapter 25
Management

Kirsten Hollaender, Marie Céline Loibl and Arnold Wilts

Abstract This introductory chapter discusses management problems associated
with transdisciplinary (TD) research. The chapter gives an outline of the relevance
and challenges of TD project management. The means and skills necessary for the
effective coordination of transdisciplinary research are discussed. The two main
tasks facing TD management are identified as: facilitating mutual learning, and
enabling shared goal definition in heterogeneous teams. A number of recommen-
dations for the management of transdisciplinary research are identified based on
this discussion and on the empirical chapters in this volume.

Keywords: Research teams · Project management · Skills development ·
Management tools · Adaptive approaches

25.1 Introduction

Transdisciplinary (TD) research transgresses both the boundaries between scientific
disciplines and the boundaries between academic research and practice. TD project
teams consist of researchers trained in different academic traditions who often use
a variety of disciplinary theories, methods and research techniques. In addition, a
number of different stakeholders are involved in most, sometimes all, stages of
TD research. TD project teams, therefore, are characterised by heterogeneity and
complexity (Hirsch Hadorn et al., 2006). Both these factors are double faceted. On
the one hand, heterogeneity is a core strength of transdisciplinary teams. Through
their heterogeneous composition they are regarded as generating more differenti-
ated views and having access to a wide and differentiated knowledge base from a
multitude of knowledge sources. Thus, a transdisciplinary team is potentially better
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equipped to achieve a ‘fuller picture’ – a more complex representation of a problem
(Klein, 2004). On the other hand, this heterogeneity poses the main challenge for
transdisciplinary teams. It leads, among other things, to a greater chance of disagree-
ment about the validity of the knowledge and can result in conflict. Thus, whilst their
heterogeneity is the core characteristic of transdisciplinary teams, it simultaneously
represents the biggest threat; for conflict and destabilisation of the team. This can
seriously undermine TD progress.

A potential source of conflict is disciplinary differentiation between team mem-
bers in TD projects. Disciplines differ in the ways they assess and frame prob-
lems, and select appropriate methods. The different disciplinary backgrounds of
researchers can lead to disagreement among team members about the nature and
direction of TD projects. In addition, the input of NGOs and social interest groups
may threaten the efficiency and progress of TD research. Cooperation, with practice,
adds another area of knowledge and other forms of reasoning, which may have im-
plications for the conduct of research. At the same time, the active involvement of re-
searchers with different disciplinary backgrounds, as well as various non-academic
stakeholders, is fundamental to effective TD research. Without that involvement
there cannot – by definition – be any transdiscipinary research (Balsiger, 2004).
Therefore, in TD research there exists a principal tension between heterogeneity
and effectiveness. This is the transdisciplinarity paradox.

This paradox puts a particular strain on the management of transdisciplinary re-
search. The main challenge for management of transdisciplinary teams becomes
how to manage complexity and heterogeneity. Whilst heterogeneous transdisci-
plinary teams are better equipped than homogeneous teams to address highly com-
plex problems, they are at the same time less well equipped to deal effectively
with the complexity they create. Consensus within TD research teams is difficult
to achieve at times because members may apply different criteria of judgment and
relevance. Yet, effective ways of dealing with complexity are needed in all stages of
TD research. Transdisciplinary research is complex in terms of its organisation and
management. It generates additional complexity because it transgresses boundaries
between disciplines (Nowotny, 2005). Also, the implementation of TD research so-
lutions may lead to new problem definitions and research questions. At the same
time, however, transdisciplinary research teams must find recursive ways to reduce
this level of complexity (Pohl and Hirsch Hadorn, 2007).

TD research cuts across disciplinary divides and as a consequence its goals are
generally broadly defined – more broadly than in disciplinary research projects that
typically have a more narrow focus relative to transdisciplinary research (Lawrence
and Després, 2004). TD research promises a better understanding of complicated
practical problems, precisely because it integrates disciplinary perspectives and
involves stakeholders such as end users or local experts at a very early stage of
problem definition and solution. Therefore, TD research goals, typically include
an explicit reference to practical relevance and societal value. It follows that the
question of how TD research projects can be managed in such a way that critical
problems can be avoided becomes particularly salient. What are the opportunities
and challenges of TD research management? What are the means and skills that are
necessary for effective TD research management?
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25.2 Crossing Boundaries

Active management is very important for the success of transdisciplinary teams
(Hollaender, 2006). A laissez-faire type of leadership, which hopes that the dif-
ferent parts of the work of transdisciplinary teams will grow together organi-
cally has not proven successful. Rather, the different parts have the tendency to
diverge, making integration at a later point in time even more difficult. Thus,
integration has to be part of the project from the start. However, management
should not take the opposite position and try to determine the outcomes in too
much detail because projects must be flexible and allow for some dynamic
development.

Research capabilities of TD management are relevant, but successful management
of transdisciplinary research also depends on whether research managers take on an
active role in conflict resolution within the team, facilitating moderation between
the different members’ viewpoints and motivation of the team members. Effective
management contributes to integration and consensus within teams. It promotes the
development of a feeling of unity and a joint identity with the project. The promo-
tion of the development of joint goals is an especially important management task.
Teams that are managed and supported successfully are characterised by equality
of rights, mutual acceptance, trust and mutual openness (see Defila et al., 2006 for
practical recommendations).

Ongoing TD research often involves advanced forms of knowledge management
(Schophaus et al., 2004). Improving communication and knowledge exchange be-
tween TD team members is a central task in the management of transdisciplinary
research projects. TD research by its very nature crosses boundaries between sci-
entific disciplines and between science and practice. For that reason, the aim of
project management in transdisciplinary research is to ensure that boundaries do
not become barriers.

TD research is always of an interdisciplinary nature. More than merely adding
disciplinary perspectives, interdisciplinary research involves substantive integration
and cooperation of theories and methods. This form of collaborative research aims
to leverage cognitive resources in order to come up with concrete solutions to com-
plex empirical problems such as land development or environmental pollution (Pohl,
2005). Because of its problem driven nature, this form of research cooperation dif-
fers from case to case, depending on situational factors and circumstances. These
factors and circumstances become important determinants of the success or failure
of interdisciplinary research projects. This means that it is very difficult to identify
instrumental rules to support the management of collaborative interdisciplinary and,
a fortiori, transdisciplinary research.

Regarding transdisciplinarity, in contrast to interdisciplinarity, most authors agree
that specific problems have to be resolved to achieve a cognitive integration that is
more than merely an addition of different perspectives and partial problem solutions
(Laudel, 1999; Loibl, 2005; Hollaender, 2006). A transdisciplinary perspective aim-
ing at integration requires substantial cooperation and management effort at the very
core of the research project.
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Different authors have observed that collaborative research that crosses disci-
plinary boundaries and involves non-academic participants is becoming increasingly
important for both the development of new scientific knowledge and the successful
practical application of knowledge. For instance, Gibbons et al. (1994) have charac-
terised these interlocking processes of scientific development and practical applica-
tion in terms of the emergence of a new mode of knowledge production. Arguably,
this new mode of knowledge production distinguishes itself by the transdisciplinary
nature of research practices. Although criticised by some (Weingart, 1997; also see
Horlick-Jones and Sime, 2004), the so-called Mode 2 thesis has found widespread
approval (Chapter 27).

Recently, management of sustainability research has received growing atten-
tion. For instance, Rabelt (2004) views sustainability research as a social process
and presents instruments for enhancing research and for process support. Rabelt
et al. (2006) promise that these instruments will contribute to supporting new forms of
research practice required by the orientation towards sustainability. Schramm (2004)
analyses potentials, restrictions and systematic problems of practically oriented re-
search for sustainable development and derives recommendations for project manage-
ment. Reflecting many of the characteristics of Mode 2 research, TD projects depend
on teamwork. This is particularly apparent in research involving the natural science
disciplines, such as environmental chemistry, eco-toxicology, and population biology
(Chapter 8). Although at times less apparent, the same holds for research involving
the humanities and social sciences (Chapter 15 and Chapter 16).

In all cases, effective cooperation between scientific disciplines is fundamental to
the success of TD research. Since disciplinary structure is reflected in institutional
structure, transdisciplinary research almost assumes collaboration across different
disciplinary institutes. This means that TD research depends on the cooperation
of researchers from different institutional backgrounds and working environments.
TD research typically materialises as interinstitutional projects in which different
research organisations are involved. Joint projects in which representatives of var-
ious disciplines participate, then, necessarily involve the cooperation of different
academic institutions, often across academic disciplines (Chapter 5 – urban design,
Chapter 12 – climate protection and economic growth, and Chapter 14 – institutional
cooperation). Increasingly, these projects are organised across national borders (e.g.
Chapter 11, on international cooperation in handling toxic chemicals, and Chapter 4
on international partnerships in Kenya).

In addition, representatives of interest groups and other experts, such as local
administrators or farmers, are often included in TD projects teams. Of course,
these different non-academic institutes and groups, follow their own logic and goals
(Chapter 17). Therefore, management has to take into account that the actual mem-
bers of research teams come from different systems or social and professional back-
grounds, and have different orientations and interests (as illustrated in Chapter 20 –
forest and wildlife strategy). In most cases, the composition of the transdisciplinary
team reflects the assumed structure of the specific practical problem and hence,
is characterised by multistakeholder processes (Hemmati, 2002). Thus, to a large
extent, team composition mirrors the structure of a real world problem.
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25.3 Creating Synergy

In TD research different frames of reference, both scientific and practical, come
together. Transdisciplinarity, therefore, is a much discussed topic in fields that study
problems with a clear societal relevance of impact, e.g. ecological issues (Attwa-
ter et al., 2005; Max-Neef, 2005), environmental problems (Pohl, 2005; Daschkeit,
2006), questions of urban design and development (Ramadier, 2004), and sustain-
ability issues (Hirsch Hadorn et al., 2006).

TD research necessarily involves collaboration between heterogeneous actors
who have different ideas about the purpose of their joint efforts. These actors operate
within various frames of reference when it comes to defining research problems,
identifying research tasks, and assessing research outcomes. This is problematic,
not only because of theoretical incompatibilities between different approaches, the-
ories, and research techniques of academic researchers, but because the different
viewpoints of interest groups, such as state representatives and NGOs, or the local
knowledge and observations of involved actors in a case study are critical to the
success of TD projects as well. TD research management needs to be aware of this
important point. TD management involves the planning of research as well as the
stimulation of the cooperation between participants. In addition, transdisciplinarity
has consequences for the construction of the specific problem, the research process
itself and the eventual synthesis of its results. TD management can only create syn-
ergy when it is successful in differentiating and integrating different viewpoints and
interests. Regarding the cognitive dimension of TD research, creating synergy can
be achieved by applying an integrative methodology. With regard to the organisa-
tional aspects of TD research, synergy largely depends on effective forms of conflict
resolution.

TD management is thus both a cognitive and an organisational task – and in both
dimensions management may bring together the heterogeneous resources embod-
ied by project teams to realise better research outcomes (Klein, 2004). Classifying
colleagues in transdisciplinary teams as typical representatives of their discipline or
their societal institution can often be observed in TD projects (Hollaender, 2006).
This tendency should be dealt with by management at an early stage of the project
(Hirsch Hadorn et al., 2006). Members should reflect on their different backgrounds,
expectations and orientations, e.g. on how to deal with policy implications, how to
deal with the necessity of young members to gain academic qualifications, and how
to deal with differing priorities within the project – application vs. more fundamental
research.

Establishing rules for the collaboration, agreed upon by all members, is another
important management task. These are especially important because they reduce the
number of situations where members need to be sanctioned for not performing well,
and informal social control is reduced from the level it generally is in disciplinary
projects. Equally important, are clear expectations about what are the duties of,
and benefits to, members who contribute to joint results. Based on a case study of a
project in the Swiss Priority Program Environment, SPPU, Mogalle (2001) develops
and employs the concept of the research project as a firm where researchers are seen
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as entrepreneurs. Hence, it becomes possible to derive management recommenda-
tions for the operational and methodological levels of each research project.

The success of TD research depends largely on the effective organisation of
research cooperation. However, given its heterogeneous and complex nature, the
coordination of TD projects can only be conditional in nature. This means that
project management must try to create conditions in which participants may learn
from each other and must facilitate the processes by which participants can establish
common research problems and shared visions about appropriate problem solutions.
However, the management of larger projects, involving representatives from many
different academic disciplines and social interest groups, can encounter serious dif-
ficulties.

The main challenges to the effective management of TD research, concerns
firstly, the formation of shared goals among researchers, and between them and non-
academic stakeholders and experts; and secondly, the effective flow of knowledge to
enable mutual learning. These challenges have a social, communicative, and cogni-
tive aspect (Hollaender et al., 2004). In order to meet these challenges TD research
management must develop: social skills to build up good working relations with
team members; communication skills to stimulate information flow and knowledge
exchange within the research team; and cognitive skills to understand the theoretical
and methodological issues surrounding transdisciplinary research questions.

The complexity of TD research is illustrated by the often very elaborate project
structures (e.g. Chapter 6 and Chapter 14). The risk is that the organisational struc-
tures of TD projects may become too complex, hindering rather than helping mutual
learning and goal adjustment. In addition, constructivist approaches are popular in
TD project descriptions – in line with the inherently reflexive nature of Mode 2
research. For example, Deprés et al. (Chapter 21) draw on Habermas’ theory of
communicative action and discuss the intersubjectivity of the research process. In
Chapter 7, Hubert et al. draw explicitly on the work of Gibbons and Nowotny when
discussing the reflexivity inherent to TD research. However, an emphasis on social
constructivism is not always compatible with the often very elaborate organisational
structures of actual projects. Due to their scale and complexity, these structures gen-
erally need written agreements in which responsibilities, the division of managerial
tasks, and decision making routines are formalised. This requires a more formal and
at times bureaucratic form of research management.

25.4 Developing Skills

Although potentially a complicating factor, the heterogeneity of TD project teams
is a core strength. This heterogeneity allows for the various viewpoints and types
of knowledge of participants with different working styles and professional back-
grounds to be incorporated into the design of the actual research project (Chap-
ter 7). The teams working on such projects can therefore benefit from the wider
range of expertise, skills, and professional competencies. Also, requirements for
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a sustainable application of research results can be integrated into TD research
projects from the very first stages of problem recognition through to the last stages
of problem solution and transfer of results (Klein, 2004).

The management needs to develop new skills to enable effective learning pro-
cesses and to stimulate the formation of shared goals – this is the single most im-
portant task of TD management. This is stressed by Bergmann and Jahn (Chapter 6)
who conclude that the effectiveness of TD research depends on the formulation of
common research objects.

The integration of research results is an iterative process, which can be described
as controlled confrontation. Scientists in interdisciplinary teams have a tendency to
organise a project so as to avoid conflicting overlap, in a form of negative coordina-
tion. Typically, they will not ‘intrude’ on each others’ claimed areas of knowledge.
However, in order to make full use of a transdisciplinary team, management must
organise some form of controlled confrontation of partial research results, diverg-
ing views on progress of the project, and opinions concerning the joint results; so
that the results, checked from all disciplinary and stakeholder perspectives, can be
accepted as joint results. This is particularly difficult because researchers may be
confronted with different notions of inter- or transdisciplinarity in their home insti-
tutions (Aram, 2004). TD research management thus involves the complex coordi-
nation of a multistakeholder dialogue.

The many different ways to structure such a controlled confrontation range from
getting results to enhance each other, to building a hierarchical and formalised form
of integration into a systems model. Effective integration of the transdisciplinary
team can, for instance, be achieved by concentrating on a joint social problem.
Quite often, integration is achieved by studying joint objects or a joint spatial area.
However, a difficulty with this approach is that the various disciplines may have
different study priorities.

An additional factor complicating project management is that transdisciplinary
research is typically public-good research (Pohl and Hirsch Hadorn, 2007). This
is something that research managers must take into account when supervising TD
projects. For instance, TD management differs from commercial research and devel-
opment where management controls the resources, such as the financial means and
the decision making authority, with regard to the distribution of research outcomes.
Thus, conflicts about the orientation of research are minimised. All of the members
of an R&D project can be assumed to be oriented towards the same objectives. How-
ever, transdisciplinary teams are characterised by different motivations. Whereas
young researchers are often interested in their academic qualification, members of
free institutes may be interested in the practical benefits, which would recommend
them to potential clients and so on (Wilts, 2000). TD research cannot be controlled
by management in ways similar to commercial R&D or traditional, disciplinary
academic research. In contrast, the management of TD projects only partly controls
research incentives. Frames of reference governing relevance and the reward struc-
tures differ not only between scientific disciplines but also between scientists and
stakeholders. For example, it is often observed that stakeholders need to have visible
results more quickly than the scientists involved.
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A further factor that should be taken into account is that membership in TD
project teams is transient. Members of the group still remain members of their re-
spective ‘systems’ and may have other criteria of relevance to those of the TD team.
For example, this is especially relevant for younger academics who are faced with
institutional pressures of qualifying themselves through publications in disciplinary
journals. Participating in a transdisciplinary project may put extra pressure on their
need for qualification and academic recognition, because they have to meet project
demands. In practical terms, recruitment is a particularly important management
task in TD research.

A transdisciplinary project team reflects the differences between academic
disciplines, and between academic research and social practice and the attitudes
and research preferences of the team members. This is illustrated by Rip
(Chapter 9), who shows that the reflexivity of TD research increases when inter-
actions between ‘scientists, technologists, entrepreneurs, insurance companies, reg-
ulators, [and] NGOs’ are effectively organised. Coordinating joint research efforts
by heterogeneously composed teams always involves the management of differ-
ences. This is even more likely when non-academic participants such as the rep-
resentatives of interest groups, local experts and NGOs take part in TD projects
(Ibid.).

25.5 Implementing Tools

In the implementation of tools for TD research management it is important to
distinguish between issues of project leadership and project management. Project
leadership and project management constitute two different forms of research sup-
port and require different inputs and coordination efforts. Since transdisciplinary
projects typically are transient and interinstitutional, they include a combination
of people who do not work together on a daily basis. Participants are often work-
ing together for the first time and, first of all, have to establish rules for their
collaboration. Since members remain within their home institution, communica-
tion has to be actively taken care of – there is no ‘joint coffee machine’ or can-
teen where colleagues can meet each other. So, in addition to implementing tools
to facilitate knowledge exchange, TD project management must aim to integrate
project participants and stimulate communication between them. TD project man-
agement thus has cognitive, social, and communicative dimensions, at the same time
(Hollaender et al., 2004).

The implication is that TD project management occupies itself with organising
the communication between project partners – such as organising and facilitating
regular workshops and project meetings where research results can be integrated
(e.g. Chapter 8 – the management of the ‘Fischnetz’ project). In order to enable
effective cooperation in this form of research management it is necessary for all
parties involved to be in general compliance with the rules set up at the initiation
of the project. Therefore, to an important extent, TD project management entails
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addressing issues of task division and task control. This means that a fundamental
objective of TD project management involves identifying reasonable time frames
for the completion of specified tasks, such as feasible deadlines for the publication
of research results and their dissemination to non-academic stakeholders.

Management can achieve this through different means, depending on the extent
to which project participants share goals and the extent to which information flows
reach all those involved (Fig. 25.1). If information flows are problematic and goals
are not shared among participants, management must take a more instrumental, per-
haps interventionist role, to try and control conditions for effective TD research.
If both knowledge flows and the extent to which goals are shared are optimal, it
may be sufficient for management to monitor events, coordinating the TD process
where necessary. Otherwise, management must focus either on improving informa-
tion flows to enable mutual learning or help participants to recognise common goals
and interests.

TD project management includes securing progress through the definition of
shared goals and the exchange of knowledge and information among project mem-
bers. It does not necessarily mean, however, that the project leader is personally
performing daily management tasks. Management can be delegated or partly dis-
tributed among the team members, provided that the goals and project deadlines, as
well as the distribution of resources and the identification of decision models, are
no longer points of contention within the larger project team.

However, there are three aspects of project leadership that cannot be dele-
gated and which should remain with the project leader. These are: 1. the overall

Fig. 25.1 TD management tasks
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responsibility for the implementation of shared working methods, partnerships,
and decision rules; 2. represention of the project to external stakeholder con-
tacts; and 3. the responsibility for overcoming the periods of instability and dead-
locks that may emerge during various project phases (see e.g. Chapter 13 for
recommendations).

25.6 Conclusion

The chapters in this volume present a variety of answers to the question of what
can be expected from TD research; which characteristic challenges must be han-
dled in such projects; and what the specific social and scientific relevance of the
results can be. This introductory chapter has identified three key issues that are
important for TD management: (1) facilitating mutual learning through the ex-
change of knowledge and information is a major factor in the success of trans-
disciplinary research; (2) creating synergy through the integration of interests and
the formulation of shared goals is another important task of TD research man-
agement; and (3) stimulating mutual adjustment and compromise among project
participants – both in cognitive and social terms – is a condition for the emer-
gence of collaborative effort and a constitutive element of transdisciplinary re-
search.

The process of mutual learning requires self-reflexivity of different theoretical
and methodological positions as well as competent guidance for the process of link-
ing these positions in a coherent approach (Pohl, 2005). Exploring and reflecting
on this process within the team helps to reduce tensions resulting from the diversity
of research objectives and quality criteria. Managers of TD projects should design
and facilitate this process of reflection (Schophaus et al., 2004; Blankenburg et al.,
2005; Defila et al., 2006).

An effective approach for providing such assistance is to discuss conflicts and
complementary functions of institutional project environments, to reflect on the
systems of power regulation within these institutions and to apply this strategy
of fostering plurality rather than consistency, reflecting on the performance of
the team itself and understanding the internal diversity of research interests and
working cultures (Böhm, 2006). In fact it is this effort that will create common
metacriteria for defining the nature and the relevance of differences in theoretical
and methodological approaches, and in doing so, for reaching the analytical met-
alevel required to connect them and to stimulate mutual adjustment of positions
(Loibl, 2006).

Transdisciplinary research projects should implement flexible modes of project
steering because interim findings or changes in project environments often neces-
sitate adjustments of the initial research plan or of the original methodological
approach. In order to accomplish the research objectives, it may be necessary to
adapt time schedules or modify dissemination strategies towards certain addressees.
In order to decide on the need for such adaptations, it is important to define clear
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rules for this procedure at the beginning of a project. TD research management
should implement and apply these rules and provide a set of adequate criteria for
the continuous quality control within the project (Bergmann et al., 2006). According
to Guggenheim (2006) transdisciplinary research strengthens organisational aspects
of knowledge production while increasing attention to procedural forms of quality
control.

Transgressing boundaries between disciplines and boundaries between research
and practice demands attention to the nature, the backgrounds and the implications
of such boundaries. We recommend working with adaptive management approaches
based on regular self-reflection and systematic adjustment of the research process.
Appropriate criteria and decision models will help TD teams to find out which mod-
ifications make sense in view of the research objectives and to handle the challenge
of integrating methodological approaches and research findings. Therefore, it is rec-
ommended that TD project management analyse the project environment and the
different backgrounds of the participants, as these are likely to be reflected in the
preferences of the team members. An analysis of various evaluation criteria that are
relevant for team members from different disciplines and institutions will show that
‘quality’ can be something very different for each of the team members – depend-
ing on methodological backgrounds and institutional requirements. This means that
quality management of transdisciplinarity has to take into account the diversity of
project goals and evaluation criteria relevant to the team members’ disciplinary and
institutional backgrounds.

Communication in TD projects does not simply happen. Managing communica-
tion has to be acknowledged as a separate task. In a TD setting, communication must
be intense and ongoing if it is to achieve integration or exchange of different view-
points, interests, convictions and scientific paradigms brought in by the various team
members. Team members should work on the clarification of the ideas about team-
work and leadership held by participants and try to reach agreement upon decision
models in order to prevent scientific or organisational conflicts. TD management
thus includes the development and continuous adaptation of an internal and external
communication concept.

Finally, an important management task is the management of knowledge. TD
research is complex because any possible contribution to the solution of real world
problems depends on the integration of scientific questions and questions regarding
the application of results. The outcomes of a team’s efforts have to be worked out in
repeated integration cycles. The management of TD projects can greatly facilitate
the cognitive integration of the contribution made by various participants. Manage-
ment can, for instance, help team members to reach agreement on the definition
of joint products or research results that the group wants to achieve. Management
can also try to provide the resources that group members need for realising the
adjustment and integration of results. The need to find a common framework for
the interpretation of research makes it important that participants reach agreement
on the nature and form of the integration mechanisms that are used to adjust the
projects’ outcomes. The management of TD projects can make a difference by iden-
tifying methods or concepts of integration.
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Chapter 26
Education

Julie Thompson Klein

Abstract When Roderick Lawrence and Carole Després introduced a special issue
of the journal Futures on transdisciplinarity in 2004, they called it a word ‘à la mode’
(Lawrence and Després, 2004). More attention has been paid in the literature to re-
search practice. From the beginning, however, the concept was linked with the goal
of changing higher education and its relationships to society. This chapter presents
an overview of theoretical and conceptual frameworks for transdisciplinary (TD)
education, curriculum models, in situ modes of learning in professional practice
and community settings, and a culminating reflection on transdisciplinary skills.

Keywords: Frameworks for education · Curriculum models · Learning · Skills ·
Competencies

26.1 Introduction

The term transdisciplinarity is traced conventionally to the first international con-
ference on interdisciplinarity, held in France in 1970 and co-sponsored by the Orga-
nization for Economic Cooperation and Development (OECD). At the time, higher
education was being pressed worldwide by calls for reform. The linear structure
of universities was faulted for emphasising training in one-track careers and failing
to serve the needs of society. In order to create a more purposeful form of educa-
tion, Erich Jantsch (1972) proposed a hierarchical system of science, education, and
innovation that moved from empirical, pragmatic, and normative to purposive lev-
els. Disciplines and interdisciplinary linkages were still needed. However, isolated
divisions of knowledge and common axiomatics were not enough to foster self-
renewal and judgment in complex and dynamically changing situations. Jantsch’s
vision for a new universitas was driven by social systems design and the organis-
ing languages of general systems theory and organisation theory. Its institutional
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structure was based on feedback among three types of units: systems design labo-
ratories, function oriented departments, and discipline oriented departments with a
focus on interdisciplinary potential. Some students, Jantsch envisioned, would be
located in discipline and function oriented departments. Others would go through
all three types of units with increasing emphasis on systems design laboratories,
‘useful work’, and self-education.

Transdisciplinarity was also conceptualised as an epistemological construct. In
the OECD conference Jean Piaget treated it as a higher stage in the epistemology
of interdisciplinary relationships. He believed that maturation of general structures
and fundamental patterns of thought across fields would lead to a general theory of
systems or structures. Piaget (1972) did not prescribe a programme of education.
Nor did philosopher Joseph Kockelmans. However, in a 1979 collection of essays
on interdisciplinarity published in the USA, Kockelmans situated transdisciplinarity
in the philosophical and educational dimensions of sciences. He aligned the concept
with the work of a group of scientists intent on systematically determining how
negative effects of specialisation can be overcome to make both education and re-
search more socially relevant. Discussion might also focus on concrete problems. In
either case, though, the aim was to develop an overarching framework for address-
ing similar problems and transforming all forms of learning from simply ‘training’
into ‘genuine’ education. Kockelmans did acknowledge competing approaches to
the task, including unification of sciences, a theoretical framework for empirical
research, a unified worldview anchored in a common conceptualisation of culture,
and renewed philosophical reflection on the presuppositions and unity of theoretical
knowledge in all disciplines. For groups that emphasise social relevance, he added,
the first objective is to re-establish contact between the university and society by
building new interdisciplines and integrating new existing sciences.

26.2 Expanding Frameworks

As the concept of transdisciplinarity evolved, TD education appeared in a widening
array of contexts. Some disciplines already had a transdisciplinary outlook. Philos-
ophy, with its mandate for epistemological reflection on all forms of knowledge,
is the oldest example. Their broad scope also conferred synoptic identity on the
disciplines of literature, history, anthropology, geography, and religion, and the field
of area studies. Some fields, such as women’s studies, aim explicitly to transcend
existing disciplines by forging new overriding paradigms. The TD label appeared
in other educational settings as well, including peace and security studies, ecolog-
ical and environment studies, arts, and engineering. In the closing decades of the
last century, a new connotation arose in the USA – ‘transdisciplinary science’. TD
science is a form of ‘transcendent interdisciplinary research’ that fosters systematic
theoretical frameworks for defining and analysing social, economic, political, en-
vironmental, and institutional factors in human health and well-being (Rosenfield,
1992). In areas such as cancer research it has led to new training programmes and
career development outcomes.
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Efforts to systematically integrate knowledge and to promote holistic education
have continued but in a new context. The International University Reforms Ob-
servatory (ORUS) is a network of European, Latin American, and South African
academics that promotes discussions of university reform with a TD and com-
plex perspective being advanced in local National Reforms Observatories (http://
www.orus-int.org/). The Centre International de Recherches et Études Transdisci-
plinaire (CIRET) is developing a new universality of thought and type of education
informed by the worldview of complexity in science. This initiative, Basarab Nico-
lescu explains in an essay about ‘The Transdisciplinary Evolution of Learning’ on
the CIRET website, enacts the four pillars of learning that Jacques Delors articulated
at UNESCO’s International Commission on Education for the 21st century: learning
to know, learning to do, learning to live together, and learning to be. Knowledge
of complexity, Edgar Morin adds, demands a politics of civilisation and reform
of the university. The ‘Declaration and Recommendations’ adopted at the CIRET-
UNESCO international congress in Locarno, Switzerland in 1997 included devoting
10% of teaching time in each discipline to transdisciplinarity, an itinerant UNESCO
Chair to organise lectures involving the entire community with TD doctoral theses
and the support of an international Internet site, and courses at all levels to sensitise
students to transdisciplinarity (http://perso.club-internet.fr/nicol/ciret).

A new connotation focused on trans-sector TD problem solving has also led to
new models of education and training. This imperative is not new. In 1982, the
OECD announced that in order for the university to perform its full social mission,
exchanges with the community must multiply, placing greater weight on ‘exoge-
nous’ than ‘endogenous’ forms of interdisciplinarity and the traditional quest for
unity of science (University and the Community 130). In 1990, Robert Constanza
proposed making TD problem solving the primary function of academics, a goal re-
quiring creation of permanent colleges, departments, or programmes and new inter-
and transdisciplinary fields of study or ‘meta-disciplines’. The major catalyst for a
new TD discourse, though, evolved from European and North–South partnerships
for sustainability. The distinguishing feature of the discourse, which forms the back-
drop for this Handbook, is the externality of complex problems and the participa-
tion of a wider range of stakeholders. Problem domains vary, as the case studies in
this volume demonstrate. Some collaborations focus on innovative technology and
product development, while others focus on controversial social issues involving
members of communities who are affected by planning and policy decisions.

26.3 Curriculum Models

Early models of curriculum were more ideal than real. In 1972, Jantsch found no
links bridging the gap from normative to purposive levels, though he cited col-
leges of ‘normative interdisciplinarity’ in agricultural and environmental sciences,
human biology, community sciences, creative communities, and engineering and ap-
plied sciences. Costanza (1990) noted interdisciplinary units in environmental fields,
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qualitative studies, and environmental and estuarine studies. By and large, though,
explicit models of TD education are more recent. Generally speaking, academic
programmes tend to be located within discipline-dominated institutions rather than
autonomous institutions. Beyond the university, TD education also occurs in situ, in
the workplace and in projects with community stakeholders. There is no systematic
compilation of models and practices, but the literature is growing.

Publications emanating from conferences are an important source. The book In-
terdisciplinary and Transdisciplinary Landscape Studies emanated from a seminar
held in 2002 at Alterra Green World Research in Wageningen, Netherlands. In the
section on training professionals in research and policy, Ute Bohnsack describes the
MSc in Ecosystem Conservation and Landscape Management, a programme run
jointly by universities in Ireland and the Netherlands. In addition to learning about
pertinent disciplines, students are placed in state agencies and private consultan-
cies, and they do field and project work in multiple countries. At the graduate level,
Gary Frey (2003) advises, TD education is often hindered by limited availability of
supervisors in pertinent methods and by problems associated with students’ lack of
strong disciplinary identity. Frey urges more teamwork, a wider range of courses and
seminars, and opportunities to mix with students of different knowledge cultures. In
this volume, Baccini and Oswald also recommend framing Ph.D. topics in a way that
permits time-limited projects of several years (Chapter 5). The average time of the
thesis period in the urban design project they described was extended by about 20%,
but doctoral students considered the experience to be a valuable supplementary step
in their education.

CIRET’s website (http://perso.club-internet.fr/nicol/ciret/) is also a valuable
source of models. The list of innovative experiences cited at CIRET’s 1997 Locarno
congress includes the British Open University, the Academy of Architecture of
Ticino, the American Renaissance in Science Education, the University of Basel, the
Observatoire pour l’Etude de l’Université du Futur in collaboration with the Ecole
Polytechnique Fédérale of Lausanne, the Maison des Cultures du Monde, and tran-
scultural experiences in Catalonia. The most complex challenge, Nicolescu stresses,
is the teaching of teachers and developing appropriate pedagogy. These imperatives
are the focus of the March 2005 issue of the Bulletin Interactif du CIRET (#18),
available on the CIRET website. In addition to conceptual articles and discussions
of pedagogy, didactics, and professional formation, the issue presents experiences
in Europe, Brazil, Mozambique, and Romania. A member of the CIRET network,
the University of São Paulo’s Centro de Educação Transdisciplinar (CETRANS),
has also fostered curriculum, research, study sessions, and an educating educators
project (de Mello, 2000).

Additional models and reflections may be located at <td-net> (http://www.
transdisciplinarity.ch/). The site offers an overview of Graduate Studies and Con-
tinuing Education in TD projects in Switzerland. Individual sections of Publications
in the Bibliography may be searched using the keywords ‘education’, ‘teaching’,
‘learning’, or ‘curriculum’. The sublink on Journals also leads to periodicals in areas
of action learning, science and technology education, higher education studies, ur-
ban studies, and a host of sustainability interests. Moreover, <td-net> affords access
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to many examples in preliminary workbooks for the 2000 International Transdisci-
plinary Conference, which are not readily available to the international audience.
Two examples from the 2000 Conference illustrate the central role that project work
and mutual learning play in TD education.

At the University of Basel a specialised master’s degree in sustainable devel-
opment can be earned. Contributing to sustainable development is a contemporary
challenge that must be approached in an interdisciplinary manner and knowledge
has to be achieved in transdisciplinary project work. Thus, in addition to specific
disciplinary competences, the master’s programme draws on aspects of sustainabil-
ity that are generated by the natural, social and economic sciences. Apart from the
opportunity to carry out a practical training outside the university, there are thematic
modules, such as agglomeration and ecosystems, conservation and utilisation of nat-
ural resources, environment, values, societal transformation and health, as well as
environmental problems in globalised world. After deepening the disciplinary and
complementary knowledge, and before preparing the master’s thesis, an interdisci-
plinary project has to be carried out. Students learn to approach real world problems,
often in collaboration with experts from outside university, by identifying problems,
defining aims, analysing the status-quo, developing and implementing strategies and
instruments in order to achieve the interdisciplinary project task. Methodological as-
pects of the curriculum include the analytical and integrative skills and knowledge
necessary to work on complex questions relevant to sustainability, together with
reflexive skills and proficiency in dealing with instruments. Considerable impor-
tance is additionally placed on competences in communication, team development
and project management in order to facilitate constructive work in transdisciplinary
settings (Burger et al., 2000).

The ETH-UNS Case Studies form a compulsory part of environmental science
education at the Federal Institute of Technology in Zurich. The programme has been
conducting one case study per year since 1994. In Chapter 14, Walter et al. describe
how teaching, research, and application are combined within a single project. Mu-
tual learning is intrinsic to TD Integrated Planning and Synthesis (TIPS). Students
develop knowledge and methods of science and collaborative skills by working in
study teams and with case agents on complex problems in areas such as sustainabil-
ity, agriculture, reintegration of industrial sites, urban and regional development,
and the eco-efficiency of environmental interventions. The process is supported
by a variety of case study methods, including formative scenario analysis, mod-
elling systems dynamics, integrated risk model, future workshops, and life-cycle
assessment.

26.4 In Situ Professional and Stakeholder Education

The complex problems of practice that confront traditional professions have rein-
forced the need for TD education. A new vision of engineering is being imple-
mented at the Institute for Transdisciplinary Education and Research, housed in the
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Department of Mechanical Engineering at Texas Tech University (USA). Courses
in Transdisciplinary Programs in Design, Process and Systems are taught via on-
site visits and distance learning (http://www.me.ttu.edu/home/research). Examples
abound in health sciences as well. In this volume, Piko and Kopp describe efforts
to apply social and behavioural sciences within medicine and health sciences in
Hungary, introducing the biopsychosocial paradigm across levels of the higher ed-
ucation system (Chapter 19). At the University of Western Ontario in Canada, the
Ecosystem Health Program has brought specialists together with the lay commu-
nity in an undergraduate programme aimed at helping medical students understand
the context of their patients’ lives and social and environmental risks (McMurtry,
2000). Located at Brown University (USA), the Centers for Behavioral and Preven-
tive Medicine provides information on transdisciplinary post-doctoral, new faculty,
and internship training programmes. The programmes are aimed at preparing the
next generation of physicians, psychologists, public health, and behavioural/social
scientists to work jointly on complex questions and to produce data relevant to
human health, behaviour, and social systems (http://www.lifespan.org/behavmed/
trainingpostdoctoral.htm).

Professionals need training in the workplace as well. The Wageningen Initia-
tive for Strategic Innovation, Jelleke De Nooy-van Tol (2003) reports, has provided
professionals with the extra time, facilities, skills, and moral support to cope with
complexity and value systems in their daily surroundings. Project leaders learn in
the context of an actual project, following criteria that define the characteristics
and preconditions for transdisciplinary research. A variety of learning formats has
been used, including a formal course in communication skills and a pilot course
in systems approaches, an atelier in the form of creative sessions with all stake-
holders, support for using scenario-casting techniques and system approaches, and
workshops for scientists involved in organic agriculture.

Several chapters in this volume call attention to the role of workshops. In ad-
dition to the chapters by Patricia Burkhardt-Holm (Chapter 8), Bergmann & Jahn
(Chapter 6), and Baccini & Owald (Chapter 5), Esther Schelling and colleagues
describe a series of national stakeholder workshops in Chad aimed at providing
adapted health services to nomadic pastoralists and their animals (Chapter 17).
The workshops and related focus groups set the aim of the programme, updated
results, addressed barriers, readjusted priorities and interventions, and dealt with
policy issues. Research and action activities, in turn, triggered community educa-
tion initiatives. Després and colleagues’ case study of retrofitting post-war sub-
urbs in Quebec (Canada) depicts an intensive participatory design process led
by the Interdisciplinary Research Group on Suburbs (GIRBa) at Université Laval
(Chapter 21). In Phase I, at the macro-scale of decision makers and planners, the
stakes and challenges were identified in a monthly series of four one-day mini-
colloquia and workshops. Each mini-colloquium was followed by a workshop
where participants discussed and annotated or interpreted maps of the city and
suburban boroughs. At the meso-scale, meetings with each borough council and
community representatives yielded a fuller picture of primary interests and chal-
lenges, followed by a colloquium involving key actors. In Phase II four one-day
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meetings, a borough colloquium, an objective-defining workshop, and two
mini-charrette participatory design sessions helped to define general orientations
and objectives. In Phase III, the strategic plan and implementation strategy were
refined using a design criteria workshop and final design charrette. Of added note,
the GIRBa also plays an incubator role for graduate students in architecture and
urban planning projects.

Cyberspace is a rapidly expanding forum for academic coursework, professional
training, and resources for TD education. The Holistic Education Network of Tas-
mania, Australia provides materials and links to organisations with interests in
transdisciplinary inquiry, holistic learning, and transformative learning
(http://www.hent.org/). Dora Marinova and Natalie McGrath define the elements
of transdisciplinary education based on experiences in the Institute for Sustain-
ability and Technology Policy at Murdoch University (See especially ‘A Trans-
disciplinary Approach to Teaching and Learning Sustainability: A Pedagogy for
Life’; http://lsn.curtin.edu.au/tlf/tlf2004/marinova.html). In the Mutual Learning
Session on Education at the 2000 International Transdisciplinarity Conference,
Abou-Khaled et al. (2001) and Reichel (2001) presented additional models. FACILE
is the acronym for FACILitated distance learning environment for continuing en-
gineering education. A project of the Technical University of Vienna, FACILE
enhances the knowledge and skills of professionals in their daily work. The Uni-
versity of Hagen in Germany offers Internet-based distance courses and cooper-
ates with national and international partner institutions. So does the British Open
University. The NDIT/FPIT virtual university provides postgraduate studies and
functions as a training and research partnership between universities and private
companies in a consortium of over forty institutions (Nachdiplomausbildungé in
Informatik und Telekommunikation/Formation Postgrade en Informatique et
Télécommunications).

26.5 Cultivating Transdisciplinary Skills

Two recent reports furnish insights into the kinds of skills that are needed for TD
research and the means of cultivating them. The 2004 report of the US National
Academies of Science Committee on Facilitating Interdisciplinary Research did not
address transector TD research. Yet, many strategies are generic to both ID and TD
contexts. The top recommendations for students are to cross boundaries between
disciplines and to take a broad range of courses while developing a solid back-
ground in one discipline. Undergraduates are urged to seek courses at the interfaces
of traditional disciplines that address basic research problems, courses that study
social problems, research experiences that span more than one traditional discipline,
and opportunities to work with faculty who have expertise in both their disciplines
and the interdisciplinary process. Graduate students are encouraged to broaden their
experience by gaining knowledge and multiple skills in one or more field beyond
their primary area, by doing theses or dissertations involving multiple advisers from
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different disciplines, by participating in conferences outside their primary fields,
and, for all students, by working with mentors from more than one discipline. The
top recommendations for educators are to develop curricula incorporating ID con-
cepts, to offer more interdisciplinary studies, to take part in teacher-development
courses on ID topics and methods of teaching non-majors, and to provide oppor-
tunities that relate foundation courses, data gathering and analysis, and research
activities to other fields of study and to society at large. The report also recommends
more training in ID research techniques, team management skills, and summer im-
mersion experiences for learning new disciplinary languages and cultures (Centre
for Educational Research and Innovation, 1982).

The 2005 report of the Academy of Finland Integrative Research (AFIR) team
on Promoting Interdisciplinary Research (Bruun et al., 2005) did include transector
TD. The AFIR team analysed a multiyear pool of applications for research grants
across all funding categories of the Academy. The team did not address the topic
of education in detail. Yet, their findings yield insights into how research education
can overcome barriers to collaboration and integration in seven major areas: organi-
sational structure, sufficient knowledge, cultural characteristics of fields, epistemo-
logical differences, methodological styles, psychological investments, and reception
by varied audiences. A survey designed to gather information on the benefits of an
interdisciplinary approach included breadth of preparation, networking with experts
from different fields, and learning to combine differing knowledge, methods, and
views. Most projects reported having, at least partly, an interdisciplinary approach
in their particular areas. The largest group (41%) used a combined strategy. Re-
search students were primarily educated in their home departments, but they were
also given opportunities to learn about ID research. Another large group of projects
(39%) exhibited more interdisciplinary than disciplinary traits in research educa-
tion, achieved either by emphasising an interdisciplinary approach regardless of
students’ individual backgrounds or by making the combination of knowledge a
central theme. Only 20% of projects delegated all research education to students’
departments. Of particular significance, projects that organised research education
in an interdisciplinary way experienced more synergies between research education
and project design, development of interdisciplinary skills, and benefits for network-
ing and creativity.

26.6 Conclusion

Three overriding lessons about the skills needed for TD research emerge from these
reports and the frameworks, models, and practices surveyed in this chapter. The first
lesson is the new quadrangulation of disciplinary depth, multidisciplinary breadth,
interdisciplinary integration, and transdisciplinary competencies. In most visions
of TD education, disciplines do not disappear. They provide essential building
blocks. All students, though, need a contemporary view of disciplines that bridges
traditional knowledge and the new developments and skills needed for complex
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problem solving. Breadth of exposure to multiple disciplines is also required and,
Bohnsack (2003) adds, students in multidisciplinary courses need to be able to artic-
ulate the specific knowledge and experience gained in their own disciplines. The in-
creased role of interdisciplinary fields must be taken into account as well. The most
frequently cited skills in the literature on interdisciplinary education, Klein (2002)
found, are the ability to locate and work with pertinent information, to compare and
contrast different methods and approaches, to clarify how differences and similari-
ties relate to a designated task, and to generate a synthesis, integrative framework,
or more holistic understanding for a particular theme, question, or problem. The
integrative process is inherently constructive, she adds, engaging students in acts of
interrogation, decision making, and problem solving.

Finally, transdisciplinary competencies must be cultivated, leading to the remain-
ing two lessons. The second overriding lesson is reconceptualisation of education as
a dialogue of content and process. In establishing criteria for training in the MGU
programme at the University of Basel, Ruth Förster (2000) and her colleagues were
faced with the challenge of determining not only what skills and knowledge stu-
dents need but also what training concepts and criteria teachers should employ.
The underlying philosophy and method that emerged recognises the dynamic, re-
ciprocal relationship of content and process. Content designates the knowledge,
principles, and methods of different disciplines as well as inter- or transdisciplinary
approaches, the ability to analyse complex problems, and familiarity with problem
solving strategies. Process designates knowing how to organise and participate in
inter- or transdisciplinary processes and projects and knowing how to communicate
across academic disciplines and with external stakeholders. There is no one best
method, Förster advises, rather a ‘basket of options’.

Many of the elements of a transdisciplinary toolkit were identified in this vol-
ume, including modelling, scenario analysis, systems approaches, integrated risk
assessment, group facilitation, and participatory models that foster joint decision
making. New design tools were also reported, including the Netzstadt method for
establishing a TD platform and procedure, the Synoikos method for participatory
workshops, a computer learning-model of cities, and the information system of
Least-Cost Transportation Planning. One approach – mutual learning – appeared
repeatedly. Mutual learning requires skills of collaboration and negotiation. Knowl-
edge is not simply exchanged but constructed and activated as individuals with dif-
fering views and stakes work together. Hindenlang et al. have also described the
technique and skills of collaborative learning in their case study on regional forest
and wildlife management (Chapter 20). In their chapter on urban design, Baccini
and Oswald emphasised another recurring theme (Chapter 5). Understanding the
language of others and perceptions hidden in use of the same words is essential.
Even the most basic terms such as ‘landscape’, ‘urban’, or ‘project’ have different
connotations.

The third and final lesson is the intertwined relationship of transdisciplinary com-
petencies. Sharon Derry and Gerhard Fischer (2005) have conceptualised a set of
overlapping categories of TD competencies for graduate STEM education that are
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applicable well beyond the STEM domains of science, technology, engineering, and
mathematics.

- The first category is the ability to participate productively in reflective transdis-
ciplinary communities, based on a deep understanding of the nature of commu-
nities, effective communication, metacognitive skills, and mindsets for engaging
in TD work and study.

- The second category is the mindsets and metacognitive skills that enable lifelong
learning, including critical thinking skills, learning on demand, and self directed
learning.

- The third is the ability to understand, exploit, and design innovative socio-
technical environments, requiring fluency in using digital media.

- The fourth is the ability to develop, fund, and guide knowledge building commu-
nities as contexts of teaching and learning.

- The fifth is concern about real world needs, manifested in a willingness to be-
come an engaged citizen.

The international team of Pohl, van Kerkhoff, Hirsch Hadorn, and Bammer offer
a closing perspective on the skills needed to lead transdisciplinary and integrative
projects (Chapter 27). The underlying theme is cognitive flexibility, manifested in
a willingness to see beyond one’s own discipline. Building on co-author Gabriele
Bammer’s work on the emerging specialisation of integration and implementation
sciences, they designate the following needs in their contribution to this volume:

- the ability to appropriately scope problems and issues to determine how an inte-
grative approach can best be applied, ensuring both multidisciplinary and multi
sector involvement

- knowledge of and the ability to apply integrative methods and processes, such as
modeling and group facilitation

- appreciation of different research epistemologies and the ability to draw on their
strengths, tailoring them to each other and a common task

- understanding of policy, practice and product development and how these can be
influenced by research

- the ability to foster research collaboration.

No transdisciplinary researcher, the authors advise, will be expert in all of these
areas. Other team and project members can be brought in to fill skill gaps. Devel-
oping a larger framework for skills and allowing concentration on a subset of them
can also provide the core of undergraduate and graduate curricula. The business
of education has traditionally been the transmission of knowledge. The emergence
of transdisciplinary orientations in the knowledge society, editors of the Handbook
exhorted (Chapter 2), is not only curiosity driven: it is also committed to improving
the lives of people in problem fields characterised by complexity and the interests of
the common good. Yet, there is a crippling disconnection between local efforts and
the abundant information and insights that have emerged. ‘What has been learned
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on the job’, the editors lamented, ‘is seldom passed on to others for capacity build-
ing’. Handbooks and networks are crucial forums for banking and disseminating the
wisdom of both theory and practice.
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Chapter 27
Integration

Christian Pohl, Lorrae van Kerkhoff, Gertrude Hirsch Hadorn
and Gabriele Bammer

Abstract Integration is a core feature of transdisciplinary research. The chal-
lenge we address is that there has been no systematic development of integra-
tion concepts and methods. Historically, crossing boundaries between disciplines
and between research and practice became a particular feature of 20th century re-
search. Three cognitive objectives influenced this development – (1) the ideal of a
unity of all sciences and other disciplines, (2) solving problems in basic research
by innovation, and (3) responding to the knowledge demands of the knowledge
society.

We present key entry points for a more systematic discussion of integration meth-
ods. We develop a matrix with three basic types of collaboration – common group
learning, deliberation among experts, and integration by a subgroup or individual –
and four methods of integration – mutual understanding, theoretical concepts, mod-
els and products. After focusing ‘inwards’ on research methodology, we look ‘out-
wards’ at institutional support and constraints, and explore integration within and
beyond science and integration across activities and across structures. Finally we
explore the relationship between funding, capacity and demonstrated success, and
argue that we are at a cross-roads which will determine whether this relationship
becomes a vicious or virtuous cycle. We suggest that promoting a virtuous cycle
requires the development of integrative methodology and a college of peers and
outline steps towards this.
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27.1 Introduction

In transdisciplinary research, integration is important throughout the research pro-
cess: in problem identification and structuring, in problem analysis as well as in im-
plementation. When taking plural relevant perspectives in the knowledge society on
complex practical issues into account, linking and restructuring concepts, methods
and results from heterogeneous bodies of knowledge becomes inevitable. Achieving
this requires collaboration within a mixed team of people with different experiences
and from varied institutional contexts: in science and other disciplines, public bod-
ies, business and civil society. Integration is not a value in itself, but a necessary
methodology for researchers who try to respond adequately to societal knowledge
demands (Chapter 1; Bammer 2005; Pohl and Hirsch Hadorn, 2007).

The integration challenge is that, to date, relevant concepts and methods have
been developed on an ad hoc basis. While excellent advances have been made, there
have been few attempts to synthesise what we know into a coherent package. This
makes it difficult to both transmit and build on available methodologies between
projects and between research groups or to start thinking about developing rigorous
high quality curricula. In this chapter we start by identifying lessons from history
regarding what can be learnt from experiences with integration in basic and applied
research. Then we address the ‘who and how’ of integration in transdisciplinary re-
search by describing forms of collaboration and various means of integration. Many
of these have been used in the research projects that are described in the Handbook.
We then examine institutional constraints and opportunities. Transdisciplinary re-
search needs both special skills and favorable institutions to enable, support and
value efforts in integration. We describe how these two kinds of requirements can
reinforce each other in a virtuous cycle. We conclude with an outline of high priority
strategies for improving integration in transdisciplinary research.

27.2 Lessons from History and the Current State
of Transdisciplinary Research

During the 20th century, crossing boundaries between academic disciplines in the
sciences and humanities became a popular idea in research, higher education and
related institutions. This was accompanied by a coining of terms such as interdisci-
plinarity, crossdisciplinarity, transdisciplinarity, holism, scientific integration, unity
of knowledge, boundary crossing, mutual learning, and scientific nomadism. Those
crossing disciplinary boundaries soon realise that this is not easy (Klein, 1990;
Weingart and Stehr, 2000). Members of a discipline build a scientific community
or college of peers by sharing cognitive and material elements such as concepts,
theories and methods, which are elaborated and developed through research and
handed over to the next generation through education. Disciplines have sophisticated
means of communication. Institutional features, such as standard forms of publica-
tion, specialised curricula, as well as professional roles in academia and society,
control membership and the development of disciplinary fields.
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The cognitive and institutional functions of disciplines stabilise disciplinary
differentiation as the basic unit of structure formation in academia (Stichweh, 2003).
Kuhn (1962), in his developmental model of the natural sciences, points to the
strong interactions among social and cognitive factors, which together constitute
what he calls the ‘paradigm’ of any scientific community. If research does not
match with the cognitive features of a paradigm – which includes concepts, the-
ories and methods, standards and shared examples of good problems and their
solutions – peers are unable to recognise and value the respective results. As a
consequence, integrative research efforts are often contested as unsound or sim-
ply speculative, while researchers are likely to be devalued within the traditional
scientific community. To gain acceptance requires the transformation and restruc-
turing of the paradigm and of the scientific community, a process that Kuhn calls
‘scientific revolution’. In a scientific revolution, an emerging community devel-
ops new common ground to determine meaningful research questions and accepted
methods for the justification of results, together with the definition of membership
and rules within the community. Within the Kuhnian picture, successful integration
of heterogeneous cognitive elements into a new paradigm is closely linked with
social transformations of the scientific community. Interdisciplinary research stud-
ies, starting in the 1980s (Chubin et al., 1979; Bechtel, 1986), fit nicely into this
picture.

Three important cognitive objectives for crossing disciplinary boundaries that
have influenced the development of the sciences in the 20th century are (1) the ideal
of a unity of all sciences and other disciplines, (2) solving problems in basic research
by innovation, and (3) responding to the knowledge demands of the knowledge so-
ciety. These objectives can be combined and they may cross-fertilise each other. For
instance, the idea that all sciences could in principle be translated and thus reduced
into a physical super-theory was put forward by the logical positivists in the first half
of the 20th century. This attracted eminent physicists to the field of biology, which
gave rise to the development of molecular biology and to theoretical conceptions
of ecosystem development. This idea has been revived by Wilson (1998). Another
means of unification is the use of formal abstraction to develop structural concep-
tions. This can be applied in a variety of fields. One example is systems theory and
analysis, which has stimulated innovations in various disciplines and is of major
importance for structuring complex societal issues in transdisciplinary research (see
Chapter 1). But in searching for innovation in basic research or responding to issues
in society, unitary conceptions are not always the best way to go. The most promis-
ing kind of integrative approach depends on the specific questions to be answered –
for instance, the ways different research approaches can be merged or innovative
methods and concepts developed.

A paradigm is critical for integration to improve its scientific profile (Rosenblum,
1997). Paradigms do not simply emerge by themselves, but through systematisation
and critical investigation of research practices. Integrative research also requires so-
cial and institutional factors such as available resources, opportunities for advance-
ment in career or recognition. This prompted the United States National Academies,
comprising the National Academy of Sciences, National Academy of Engineering
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and Institute of Medicine in their joint publication ‘Facilitating Interdisciplinary
Research’ (National Academies, 2005) to describe and analyse in more detail fund-
ing structures, evaluation procedures and criteria, institutional settings, organisation
and management, education, publication strategies and media in order to come up
with recommendations for science policy.

Encouragingly, research practices that embody the idea of transdisciplinarity are
plentiful, as the chapters in this Handbook show. As noted earlier, the knowledge
society demands integration of knowledge as a means to improve societal problem-
solving. A starting point for transdisciplinary research is given when knowledge
about a socially relevant problem field is uncertain, when the concrete nature of a
problem is disputed, and when there is a great deal at stake for those concerned
by a problem and involved in investigating it. As a consequence, identifying and
structuring problems and the corresponding research questions has to: (1) draw upon
bodies of knowledge about the problem field from a variety of academic disciplines
as well as from relevant sectors and stakeholders outside academia and (2) relate
data, hypotheses, conceptions and interpretations across those domains.

In the Introduction (Chapter 1) it is argued that when the goal of transdisciplinary
research is to respond to societal knowledge demands, three kinds of knowledge are
required: knowledge about the origins and development of problems, including their
interpretation in the ‘life-world’ (systems knowledge); knowledge about needs for
change, desired goals and better ways of acting (target knowledge); and knowledge
about technical, social, legal, cultural and other means of transforming existing ways
of acting in desired directions (transformation knowledge). Meeting these knowl-
edge demands requires grasping the relevant complexity of the problems, taking
into account the diversity of scientific and societal views of the problems, linking
abstract scientific reflection with relevant case-specific knowledge, and constituting
knowledge with a focus on problem solving for what is perceived to be the common
good (Pohl and Hirsch Hadorn, 2007).

It is a core task of transdisciplinary research to integrate the diverse scientific
and societal views of the problems recursively during the research process. The
first step for such integration is to acknowledge, to respect and to explore the di-
versity of perspectives. As Loibl (2006) states, this diversity is not a handicap to
be overcome, but an invitation for creative interaction: ‘[T]eam performance is not
necessarily combined with a high degree of accordance amongst team members
but [. . .] it rather seems closely connected to the conscious handling of team het-
erogeneity and to a very open and down-to-earth analysis of divergences’. Based
on such a positioning, the perspectives can begin to interact in a second step,
which Bechtel (1986) describes as: ‘to press each [approach] against the other,
in the hope that the dialectical interaction might advance the understanding in
both enterprises’. Giri (2002) advances this further by claiming that transdisci-
plinary research is what evolves within these interactions: ‘In transdisciplinary
striving, relationship rather than our separate disciplinary Being is the ground of
our identity’. There are, however, various approaches and practices for achieving
such integration in transdisciplinary research. We propose a typology in the next
section.
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27.3 Conceptual and Practical Challenges of Integration
in Transdisciplinary Research

Researchers have developed a range of approaches to integration, depending on their
perspectives and backgrounds, on the problem they address and on the particular
context within which a project evolves. Yet across this diversity we can start to
identify a number of forms of collaboration and means of integration that appear
more or less consistently in transdisciplinary research.

We suggest that there are three basic ways a transdisciplinary research team may
organise its collaboration in order to reach integration: common group learning,
deliberation among experts, and integration by a subgroup or individual (Rossini
and Porter, 1979). Common group learning means that integration takes place as a
learning process of the whole group. Several case studies in the Handbook describe
such a learning process among researchers and social stakeholders, including group
model-building of solid waste management (Chapter 13), collaborative learning on
forest and wildlife management (Chapter 20) and ‘making sense together’ in order
to retrofit Québec’s post-war suburbs (Chapter 21).

In deliberation among experts, team members with relevant expertise in the com-
ponents of the problem amalgamate their views. Integration takes place during one
or more rounds of exchange among the experts. The notion of expert is not restricted
to academics but also includes experts in the ‘life-world’. The case study that docu-
ments the development of one medicine for nomadic pastoralists and their animals
(Chapter 17) is an example of such a deliberation among different disciplinary, no-
madic and government experts.

In the third form of collaboration a specific sub-group or individual undertakes
the integration. This is the case in the ‘Fischnetz’ example (Chapter 8) where the
project leader was responsible for integration, and in the project-based teaching
study (Chapter 14), where a particular sub-group took care of integration.

These three forms of collaboration are ‘ideal’ types and simplifications. In prac-
tice it may be more difficult to distinguish them. Further, different phases of the
research process may ask for different forms of collaboration. However, they offer a
starting point from which we can consider different approaches to collaboration in
transdisciplinary research.

Moving on now to means of integration, we identify four primary classes of
‘tools’: mutual understanding, theoretical concepts, models and products. An ubiq-
uitous complaint of those engaged in integration is ‘not speaking the same lan-
guage’. Problems of mutual understanding arise when someone does not know
the meaning of other disciplines’ terms, when someone is not aware how a word
changes meaning depending on the context, or when someone is not familiar with
specialised scientific definitions. If these problems are seen as problems of com-
munication, they can be effectively addressed by making explicit what important
terms mean (Chapter 15). Thus the first group of tools for integration facilitate
mutual understanding through effective communication. One way to do this is by
deliberately using everyday language and avoiding scientific terms. The transdis-
ciplinary research programme ‘Austrian Landscape Research’ (http://www.klf.at/)
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expected participants to use everyday language in collaboration and publications
and instructed researchers in its proper use (Nicolini, 2001). In addition, every-
day language is important for integrating stakeholders into the research process
as participants, a feature of most transdisciplinary projects. However, everyday
language is not a universal panacea, as it is also ambiguous and contextualised.
Hence other methods have also been developed, including formal and informal
glossaries to enhance mutual understanding by explicitly fixing the meaning of
key terms.

Often, the challenges in integration are about creating or restructuring the mean-
ing of theoretical and conceptual terms to capture what is regarded as relevant
in problem identification and framing. Therefore, a second group of integration
‘tools’ comprises theoretical notions, which can be developed by (1) transferring
concepts between fields, (2) mutually adapting disciplinary concepts and their
operationalisation to relate them to each other, or (3) creating new joint bridge
concepts that merge disciplinary perspectives. Integration of perspectives by trans-
ferring concepts from one perspective into another is what the syndrome approach
is based on, within which environmental problems all over the world are anal-
ysed, classified and treated as if they were medical diseases that can be charac-
terised and recognised by a particular constellation of symptoms (Lüdeke et al.,
2004). Simoni et al. (Chapter 16) describe the mutual interconnection of concepts
of science, law, psychology and sociology in the common definition of research
questions as well as their operationalisation in problem analysis to arrive at an in-
tegrated understanding of the welfare of children of divorced parents. Examples
of bridging concepts are provided in this Handbook, including ‘three dimensional
mobility’ (Chapter 6), ‘the Netzstadt’ (Chapter 5) or the ‘new objects of research’
(Chapter 7).

A third means of integration are models, which can be situated on a contin-
uum between purely quantitative (mathematical) to purely qualitative (descriptive).
(Semi-) Qualitative system dynamics models are often developed in a collaborative
learning process among researchers and other stakeholders, aiming at a shared un-
derstanding of the system, its elements and their interactions (e.g. Chapters 13, 14
and 20). Quantitative models are often used by researchers to integrate knowledge
from different disciplines, e.g. by integrating a climate model with an economic
model. Integration then involves connecting the quantitative descriptions of natu-
ral or social systems in order to learn about how they influence each other, as in
integrated assessment (Chapters 11 and 12) or in biopsychosocial modelling (Chap-
ter 19). The models are also used to project scenarios of the future in order to support
decision-making (Chapters 3 and 14).

The fourth means of integration are products. Such products can be medical treat-
ments (Chapter 17), a development plan (Chapter 4), technical devices, regulations
(Chapter 10), exhibitions, and so on. In this case it is the intended result that defines
the component sub-parts and that stimulates integration. When the primary purpose
of the ‘product’ is not an end in itself, but to join the diverse interests of those
involved, one may also use the term ‘boundary objects’ (Star and Griesemer, 1989)
to describe this particular approach to integration.
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Table 27.1 Forms of collaboration and means of integration (based on Pohl and Hirsch Hadorn,
2007)

Means of integration Forms of collaboration
Common
group

learning

Deliberation
among
experts

Integration by
a subgroup or

individual
Mutual understanding
(Everyday language,
glossary . . .)

Theoretical concept
(Transfer of concepts,
mutual adaptation of
concepts, bridge
concepts . . .)
Model
(Qualitative model,
quantitative model,
scenarios . . .)

Product
(Technical device,
database, regulation,
exhibition . . .)

The four means of integration are again ‘ideal’ types and simplifications that
present each of these means as optional tools for the purposes of clarity and com-
parison. In practice any mix of means may be used, since, for example, a model, a
bridge concept and a product can be combined. In addition, efforts to ensure mutual
understanding through effective communication will probably be involved in any
attempt at integration.

Table 27.1 combines the three forms of collaboration and four means of integra-
tion in a matrix that demonstrates twelve primary ways of integrating. While the
project design for some research might fit neatly into one cell, much of the time
the skilful handling of integration will require that researchers change and adapt the
forms of collaboration and the means of integration during the research process.

27.4 Institutional Challenges of Integration

In the previous section we focused on forms of collaboration and means of trans-
disciplinary integration that are founded on a specific organisational unit, such as a
project, a programme or a research centre. This perspective looks ‘inwards’ towards
ways of thinking that researchers involved in transdisciplinary integration can use
to structure their research. Yet it is also useful to look ‘outwards’ from the project,
to consider the institutions that support or inhibit integration. We use the term in-
stitution here to describe the various sets of rules and conventions, both formal and
informal, that structure the ways in which research is funded, organised, conducted
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and evaluated. These institutions cannot be controlled by individual researchers in
the same way a research design or methodology can be, but institutional arrange-
ments can help or hinder the practice of integration by expanding or limiting the
range of choices available to researchers.

Institutional factors, such as funding rules, evaluation criteria and organisational
structures that favor disciplines are often cited as barriers to transdisciplinarity. In
this section we focus on academia as the main institution of interest, but features
of other institutions (such as government, business or civil society) can also affect
the practice of transdisciplinary research. Indeed, despite the innovation and suc-
cesses of many transdisciplinary projects, it nonetheless remains the case that these
successes have often emerged from a struggle with formal and informal institutions
that remain rooted in notions of disciplines, and a tension between the role of re-
search in producing knowledge and the role of research in producing action and
transformation. These issues emerge in many of the research projects reported in
this volume. Yet reflections on how researchers can better capitalise on existing in-
stitutional opportunities are far less common. In this section we will briefly explore
some of the institutional factors that researchers commonly identify as supporting or
constraining integration in transdisciplinary research. We then ask: what are some
of the connections between the ‘inward’ and ‘outward’ perspectives that can help us
develop institutions that support integration in transdisciplinary research?

Institutional factors that attempt to support integration can be roughly categorised
according to whether they focus on integration within or beyond the scientific set-
ting; or whether they focus on research structures or activities (Figure 27.1; van
Kerkhoff, 2005a). This can be a useful framework for considering institutional con-
straints on, and opportunities affecting, the ways in which learning proceeds.

Institutional connections across activities, within academia. Cross- or multi-
campus collaborations in research or teaching are common vehicles for trans-
disciplinary integration. In research in particular, participants in these typically
large, complex projects, often describe inflexible budgeting and administrative pro-
cesses, and conventional approaches to research evaluation that do not ‘count’

Fig. 27.1 Four approaches to transdisciplinary integration (adapted from van Kerkhoff, 2005a)
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less conventional research products, as institutional barriers. Bergmann and Jahn
(Chapter 6) discuss the compromise of publishing under a group name, where all
members of the group were included, but no individual could gain professional
recognition for the work. A fair authorship and citation system that is able to cope
with several authors of equal importance cannot be expressed in the conventional
way authors are listed and papers are cited in science: this is one of the tasks to be
addressed. In the meantime other criteria may be used, which have nothing to do
with the paper’s content. In our case the authors, who all contributed equally to this
chapter, are listed in order of descending height. Short time frames for academic
evaluation and shortage of academics with the capacity to evaluate transdisciplinary
projects were also cited as barriers (Chapter 5). Some of these, such as administra-
tion and attributing authorship are common to any large, complex project, whether
transdisciplinary or not. Inability to gain recognition for non-academic impacts such
as policy change, and lack of qualified evaluators are core concerns for transdisci-
plinarity; they direct attention to research evaluation processes that do not take into
account some of the main aims of transdisciplinary research.

Institutional connections across structures, within academia. New organisational
structures, including cross- or multi-campus initiatives or Centers of Excellence,
can often support transdisciplinary research more readily than discipline based de-
partments. As Kiteme and Wiesmann (Chapter 4) have noted, such structures can
also become a training ground for researchers and other staff in skills required
to lead transdisciplinary projects, such as negotiation and facilitation. Yet these
efforts tend to be ad hoc, bound to projects rather than to a broader community
of transdisciplinary scholars. As mentioned earlier, transdisciplinary researchers do
not have a college of peers that, in conventional disciplines, generates robust eval-
uation criteria, develops training curricula and fosters career paths. This is less a
problem of the existing institutions than it is a problem of the currently scattered
and dispersed transdisciplinary research community. Research funding programmes
that support and explicitly demand integrated approaches, such as the European
Commission’s 6th Framework Program (Directorate General for Research, 2002),
are central to encouraging researchers and research institutions to support training
and career development in transdisciplinary research, but do not necessarily foster
the development of an organised college of peers.

Institutional connections within activities, beyond academia. Research activities
that extend beyond academia include projects or programmes where practitioners
are involved and join with researchers to establish research questions, contribute
to data, and/or interpret findings. Several authors pointed to the benefits of flexible
project structures or management (e.g. Chapters 4 and 25), for accommodating the
complexities that emerge from interactions and negotiations within transdisciplinary
projects. Evaluating transdisciplinary projects that aim to generate real-world out-
comes as well as scientific findings is also difficult, as successes in policy change,
conflict solving or mutual learning (Chapter 20) are usually not acknowledged in
academic institutions. This leads to a widespread perception that transdisciplinary
integration is time-consuming and inefficient in comparison with disciplinary re-
search (Chapter 14). A recent report to the US National Academy of Sciences
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on successful efforts to link research and practice (Clark and Holliday, 2006)
highlighted the importance of practitioner-driven dialogue and problem-setting,
but also pointed to the constraints posed by risk-averse political or funding envi-
ronments, which are exacerbated by inconsistent (or sometimes non-existent) ap-
proaches to comprehensive evaluation.

Institutional connections across structures, beyond academia. It is widely held
that conventional research funding sources are reluctant to support transdisciplinary
integrative research. Yet recent years have seen the emergence of alternative fund-
ing sources that prioritise transdisciplinarity. In addition, co-funding models offer
a useful middle road for integrative projects that seek to meet both scientific and
active transformation goals (see Schelling’s description of the co-funded National
Centre of Competence in Research North–South venture, Chapter 17) and are of-
fering new opportunities to researchers prepared to engage meaningfully with prac-
titioners. In Australia, the Cooperative Research Centres Program has been a good
model for offering incentives for researchers and practitioners to work together,
with co-funding and co-governance requirements encouraging active partnerships
(van Kerkhoff, 2005b). In Germany, the programme ‘Social Ecological Research’
(http://www.sozial-oekologische-forschung.org/en/index.php) of the Federal Min-
istry of Education and Research (BMBF) is a framework that encourages transdis-
ciplinary research for sustainable development. Internationally, the United Nations
Environment Program has proposed a multi-faceted approach to integrating global
environmental monitoring activities that includes a conceptual framework, informa-
tion network, capacity building programme, toolbox, and an ‘assessment compact’
connecting many environmental assessment bodies around the world in a commit-
ment to institutional and process-based harmonisation (UNEP, 2006). Institutional
arrangements that facilitate such models are an essential part of a transdisciplinary
research infrastructure. Yet these models are generally not described or evaluated
as transdisciplinary research. Dual accountability to scientific and practice organ-
isations has been identified by others as an important element of institutions that
support effective ‘boundary crossing’ between science and practice (Guston, 2001).
Quality assessment and evaluation procedures that can encompass dual, and possi-
bly multiple, goals are needed, but seldom forthcoming.

Paying close attention to the ways in which our institutions support or hin-
der integration is a key part of the future of transdisciplinary research. Yet given
the early stage of development of transdisciplinarity as a field of research, it is
often not clear whether these barriers are solely the result of clashes between
an academic system founded on disciplines and the integrative underpinnings of
transdisciplinary research, or are side-effects of the newness and fragmentation of
transdisciplinarity itself. As yet there is no recognised college of peers, which is
fundamental to developing shared methodologies, appropriate academic evalua-
tion frameworks, training and career development. This affects not only individual
projects or programmes, but also new institutional experiments like Cooperative
Research Centres that are rarely evaluated rigorously according to appropriate trans-
disciplinary criteria. As a result, we are not learning as much as we could from insti-
tutional experiments, weakening arguments for institutional reform. Those seeking



27 Integration 421

to support transdisciplinary research often have difficulty in identifying researchers
with the skills needed to develop, run or assess transdisciplinary projects. Improving
the ways in which transdisciplinary researchers participate within existing institu-
tional structures needs to be examined alongside questions of institutional change.
We turn to this in our concluding section.

27.5 Conclusion: Advancing Transdisciplinary
Research Integration

Our chapter leads to three conclusions:

1. Integration is the core methodology underpinning the transdisciplinary research
process;

2. Insufficient attention has been paid to learning from new institutional arrange-
ments designed to promote transdisciplinarity or to exploiting the advantages of
existing institutions and

3. For transdisciplinary research to progress, advances must be made in strength-
ening both integration methodology and institutional support. One cannot effec-
tively move forward without the other.

Here we build on the last of these points. For transdisciplinary research to progress,
three essential elements must be addressed: funding, capacity and demonstrated suc-
cess. Funding, an institutional factor, is relatively straightforward, as funding bodies
are increasingly recognising the need for, as well as giving priority to, transdisci-
plinary research, although a specific funding procedure for the phase of problem
identification and structuring should be developed (Pohl and Hirsch Hadorn, 2006).
However, the capacity to undertake and to evaluate transdisciplinary research is
much weaker. Each of these relies on a combination of institutional and methodolog-
ical factors. Thus capacity requires institutionalised courses plus coherent course
content, while evaluation requires accepted processes plus agreed criteria. Despite
growing experience with integration in transdisciplinary research, the integrative
core is still poorly understood, making it hard to train researchers in integration
and to evaluate its effectiveness. Further, researchers with skills in transdisciplinary
integration are not organised into an effective college of peers that would (a) foster
the development of integration methodology, and (b) critically evaluate each others’
work. The limited understanding about integration, combined with the lack of a
strong peer group make demonstrating success difficult. Further, it means that the
available funding is not exploited to the maximum. Indeed it is possible to think of
a self-reinforcing cycle, demonstrated in Fig. 27.2.

The interaction of these three elements can form either a vicious or a virtuous
cycle, with the interactions able to go in either direction around the circle. In a
vicious cycle, lack of capacity to do quality transdisciplinary research feeds funder
disenchantment, which in turn reduces the resources available to develop or refine
methodologies, reinforcing the sense that transdisciplinary research is inefficient
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Fig. 27.2 Self-reinforcing
relationships of funding,
capacity and the ability to
demonstrate success

and a poor investment. Alternatively, where clear criteria for success are established
through rigorous methodological advances, funding becomes easier to justify, and
more recruits are attracted to a new, well-resourced field. We suggest that transdis-
ciplinary research is at a critical point with interest and support from funding groups
that is yet to be translated into real methodological or capacity development.

This Handbook reflects the current state of transdisciplinary research and pro-
vides a solid foundation to build on. We suggest that to promote a virtuous cycle the
essential next steps are to develop integrative methodology and to form the college
of peers. Developing integrative methodology requires an agreed way of describing
it, which we deal with next.

Each discipline has standard ways of describing its methods, which highlight
critical aspects of what was undertaken, as well as providing accepted shorthand for
a range of more straightforward facets. At this stage there are no agreed guidelines
for describing integration in transdisciplinary research, making it difficult to assess
and compare studies.

A standard framework covering six questions, developed in an Australian nat-
ural resource management integration symposium (Bammer and LWA Integration
Symposium Participants, 2005) could be adopted to fill this role. Descriptions of
integration in transdisciplinary research would address:

1. What was the transdisciplinary integration aiming to achieve and who was
intended to benefit?

2. What were the elements (e.g. discipline and practice perspectives) that were
being integrated in a transdisciplinary manner?

3. Who was doing the transdisciplinary integration?
4. How was the transdisciplinary integration being undertaken?
5. What was the context for this transdisciplinary work, which might have affected

any of the other elements (e.g. the aims, methods, impact)?
6. How was impact measured?

Deliberate attention to such questions not only makes it clear how the transdis-
ciplinary research was conducted, but can also help the researchers reflect on what
they are doing and pinpoint areas for improvement. Earlier in this chapter we started
the process of developing categories for describing the two central elements: forms
of collaboration (question 3) and means of integration (question 4). We quickly
realised that further progress in understanding these key facets is hindered because
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different studies, for example those described in this volume, lack a consistent
descriptive method.

Finally, as we outlined earlier, another existing institutional arrangement that
transdisciplinary research could copy is to develop a college of peers, expert in
integration methodologies and experienced in applying them to transdisciplinary
projects. Essentially this is how existing disciplines work and the college of peers
provides the core mechanism for evaluation, improving quality, development and
rapid dissemination of new theory and methods, as well as building capacity and
developing the careers of new researchers. These may then provide the triggers
for more radical institutional experimentation, evaluation and, potentially, change
(Kuhn, 1962; Rosenblum, 1997).

As this Handbook demonstrates, there is no shortage of people with the experi-
ence and ability to make up such a college, but they are dispersed across different
sectors and contexts. We suggest that organised networks are an effective way to
begin to build such a college and have developed two networks with this end in mind.

The first, td-net, the network for transdisciplinarity in sciences and humanities
(www.transdisciplinarity.ch), is sponsored by the Swiss Academies of Arts and Sci-
ences. This network aims to advance transdisciplinary research in a variety of areas,
starting with experiences gained in the environmental and sustainability sciences.
It has a comprehensive bibliography, is sponsoring the publication of this Hand-
book, and supports a range of projects, including the development of guidelines for
transdisciplinary research.

The second, complementary, network, is the Integration and Implementation Sci-
ences Network (www.anu.edu.au/iisn), hosted by The Australian National Univer-
sity. It aims to develop a new specialisation for researchers focusing on integrative
skills and provides a list of researchers, organisations, professional associations and
journals, as well as sponsoring projects.

We invite you to join us!
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Chapter 28
Core Terms in Transdisciplinary Research

Christian Pohl and Gertrude Hirsch Hadorn

Abstract The following explanations of core terms in transdisciplinary research are
meant to guide readers who are not familiar with transdisciplinary research or who
are confused by the variety of meanings given to terms. It is important to keep in
mind that the explanations refer to the use of terms in the context of transdisci-
plinary research – they do not provide general definitions. For instance the meaning
of ‘actor’ as described below may not hold from a sociological or psychological
perspective and is wrong in the context of a theatre. The explanations are taken from
the ‘Principles for Designing Transdisciplinary Research’ (Pohl and Hirsch Hadorn,
2007) and from the Handbook (Chapter 2). Authors of the Handbook were invited
to refer to a preliminary and shorter version of term descriptions when writing their
contributions, but they were free to use the terms in their own way.

Keywords: Definition of core terms

Actors: Persons and institutions in public agencies, the private sector and civil
society who are involved in one way or another in a problem field (see problem
field). Their relation to the problem field is the reason why transdisciplinary re-
searchers work with them. [. . .] Participatory research (see participatory research)
goes beyond doing research on actors, and implies that actors can help shape the
research process (see research process). (Pohl and Hirsch Hadorn, 2007)

Applied research: Problems (see problems) for applied research arise from dif-
ficulties in describing and explaining the variability of specific processes in a cer-
tain type of problem fields (see problem field), and from difficulties in developing
specific measures helping an actor (see actors) to better achieve his/her goals. A
discipline (see scientific disciplines) or an integrated grouping of disciplines which
specialize in a certain problem field as applied research are building the scien-
tific knowledge base for dealing with the diversity (see diversity) and complexity
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(see complexity) of the selected processes in the problem field. The experience of
the actor who requires systems (see systems knowledge) as well as transformation
knowledge (see transformation knowledge) to improve practice is providing the
knowledge base in the life-world. (Chapter 2)

Basic research: Problems (see problems) for basic research arise from difficul-
ties in describing and explaining a subject by general methods and models. Basic
research aims at advancing the state of the art within a discipline (see scientific
disciplines), which is the only knowledge base to identify problems and structure
research questions (see problem identification and structuring). Basic research ide-
alizes and reduces what is going on in real-world settings (see life-world) in order
to formulate generally valid explanations. (Chapter 2)

Bringing results to fruition: According to the principle of recursiveness (see re-
cursiveness), bringing results to fruition is a phase of research (see transdisciplinary
research process) that does not occur at the end of transdisciplinary research (see
transdisciplinary research): It takes place in the course of the research process in
order to enable learning processes. Bringing results to fruition is achieved in the
form of a real-world experiment (see real-world experiment), so that its impact can
be observed and lessons can be learned for the following phase of bringing results
to fruition. (Pohl and Hirsch Hadorn, 2007)

Common good: The common good as an ethical principle, however, refers to
having the social systems, institutions, and environments on which we all depend
work for the well-being of all people. (Pohl and Hirsch Hadorn, 2007) [. . .] By
dealing explicitly with the question of whether proposed solutions serve the com-
mon good, transdisciplinary research (see transdisciplinary research) enables those
involved to achieve a consensus about solutions – an important condition given the
fact that actor (see actors) groups in the private sector, public agencies, and civil
society can hold controversial positions. The question how to define the concept of
the common good with regard to a specific problem field (see problem field) can
be one of the research questions pursued by transdisciplinary research. (Pohl and
Hirsch Hadorn, 2007)

Complexity: is used for the interrelations among heterogeneous dimensions, or
plural values and norms. Thus complexity is in contrast to simplicity. (Chapter 2)

Diversity: means that empirical dimensions relevant to describing and analysing
processes are heterogeneous in the sense that they belong to different disciplines
(see scientific disciplines) or to the perceptions of different actors (see actors),
and that there are plural values and norms that do not fit together in a sys-
tematic way. Diversity of and life-world (see life-world) perceptions involved.
(Chapter 2)

Interdisciplinary research: refers to a form of coordinated and integration-oriented
collaboration between researchers from different disciplines (see scientific disci-
plines). (Pohl and Hirsch Hadorn, 2007)

Life-world: refers to the human world prior to scientific knowledge. While phi-
losophy (led by Edmund Husserl who coined the term) uses this concept within
the framework of both phenomenology and constructivism as a possibility of cri-
tiquing and explaining science, Schütz’s interpretive sociology links ‘life-world’
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with the concept of the everyday world as a system of meaning: ‘Life-world’, for
him, describes the structural properties of social reality as grasped by the agent.
We use the term ‘life-world’ to mark the difference, within society, between the
scientific and other communities (the private sector, public agencies, civil society).
It was Mittelstrass (1992) who introduced the term ‘life-world’ into the definition of
Transdisciplinarity (see transdisciplinary research). (Pohl and Hirsch Hadorn 2007)

Multidisciplinary research: approaches an issue from the perceptions of a range
of disciplines (see scientific disciplines); but each discipline works in a self-contained
manner with little cross-fertilisation among disciplines, or synergy in the outcomes.
(Chapter 2)

Participatory research: goes beyond doing research on actors (see actors), and
implies that actors can help shape the research process (see transdisciplinary re-
search process). (Pohl and Hirsch Hadorn, 2007) [. . .] The aim of involving social
groups is often primarily to integrate various life-world (see life-world) perspec-
tives and interests into transdisciplinary research (see transdisciplinary research).
But beyond this, participatory research is also a means of grasping the complexity
(see complexity) of a problem (see problems) with the help of local knowledge, of
testing the situational relevance and transferability of results, or of finding solutions
for what is perceived to be the common good (see common good) an improving the
practice-oriented effectiveness of results. (Pohl and Hirsch Hadorn, 2007)

Problems: are concrete, identified and structured questions within problem fields
(see problem fields). Problems cannot be considered as given. Rather, in view of
the initial random array of difficulties, it is important in the first phase of transdisci-
plinary research (see transdisciplinary research process) to determine what concrete
problems there are and what they consist of. Research questions then specify these
problems in such a way that they can be investigated and hopefully answered. (Pohl
and Hirsch Hadorn, 2007)

Problem analysis: To analyse a problem (see problems), the problem statement
is divided into sub-questions. These are dealt with and answered in relation to one
another, after which the answers to the sub-questions go through a process of inte-
gration. Various forms of collaboration and modes of integration can be used to this
purpose. As a principle of utmost importance, those involved must encounter one
another openly before choosing the form of collaboration and means of integration.
Moreover, the principle of recursiveness (see recursiveness) requires that decisions
already taken can be reconsidered. The form of collaboration and the means of in-
tegration determine the structure and intensity of exchange between those involved.
Intense exchange requires a deeper knowledge of one another’s positions and a flex-
ible attitude with regard to one’s own position. (Pohl and Hirsch Hadorn, 2007)

Problem field: an area in which the need for knowledge related to empirical and
practice-oriented questions arises within society due to an uncertain (see uncertain-
ties) knowledge base and diffuse as well as controversial perceptions of problems
(see problems). (Pohl and Hirsch Hadorn, 2007)

Problem identification and structuring: is the heart of transdisciplinary research
(see transdisciplinary research). Complexity can be reduced by identifying those
involved in relation to the requirements of transdisciplinary research (see
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transdisciplinary research) and by specifying the need for knowledge with respect
to the three forms of knowledge. The decisions made on this basis may need to be
modified in a recursive (see recursiveness) procedure. To create a bridge between
science and practice, the problem (see problems) identified can be reformulated in
relation to actors (see actors) in the life-world (see life-world). This is one of the
areas where transdisciplinary research can develop creativity and originality, for ex-
ample by finding a new way of perceiving things, which works like a bridge between
fixed viewpoints. In this phase, the project must already be contextualised: first, by
embedding it in science, which is achieved by referring to the state of the art in
the relevant disciplines, and by learning from transdisciplinary research on simi-
lar problems; and second by embedding it in the life-world, which is achieved by
considering existing needs, interests, technologies, regulations, practices and power
relations that transdisciplinary research will have to take into account. (Pohl and
Hirsch Hadorn, 2007)

Real-world experiment: is a recursive (see recursiveness) application of bringing
results to fruition (see bringing results to fruition). . . . The effects of a project are
observed, with a view to finding surprises (unexpected impacts). As a result, the
assumptions, models and explanations developed in the project are revised in such
a way that they can explain these surprises (increase of knowledge). New instances
of bringing results to fruition are then planned and conducted etc. (Pohl and Hirsch
Hadorn, 2007)

Recursiveness: is a general principle of transdisciplinary research (see transdis-
ciplinary research). It points to the iterative procedures that characterises both the
entire research process (see transdisciplinary research process) and its individual
phases. This implies that the research process has to be shaped in such a way that
concepts and methods can be repeatedly tested (see real-world experiment), and that
underlying assumptions can be modified if they are found to be inadequate. (Pohl
and Hirsch Hadorn, 2007) ‘Recursiveness’ means about the same as ‘iterativeness’:
however, ‘iterative’ is defined by the Oxford English Dictionary as ‘characterized
by repeating or being repeated’, while its denotation for ‘recursive’ – listed as first
occurring in English in 1904 – is: ‘involving or being a repeated procedure such that
the required result at each step except the last is given in terms of the result(s) of the
next step, until after a finite number of steps a terminus is reached with an outright
evaluation of the result.’ The difference is a fine one but it is relevant in the context
of the present publication, where ‘recursiveness’ is used in the sense of this second
OED definition. (Pohl and Hirsch Hadorn, 2007)

Scientific disciplines: shape scientific research by forming the primary institu-
tional and cognitive units in academia, on which the internal differentiation of sci-
ence into specialised curricula, professions and research, is based. Members of a
discipline are specialists who build a scientific community. Members communicate
within their community, share basic assumptions and examples about meaningful
problems, standards for reliable and valid methods, as well as what is considered a
good solution to a problem. What modern science gains and preserves is based to
a large extend on disciplinary structures. However, boundaries between disciplines
are changing: by increasing specialisation through internal differentiation within the
disciplines, and by the integration of disciplines. (Chapter 2)
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Sustainable development: is a global socio-political model for changing prac-
tices and institutions in order to achieve more equitable opportunities within and
between generations while taking into account limitations imposed by the state of
technology and social organization on the environment’s ability to meet present and
future needs. Promoting sustainable development therefore necessitates overcoming
narrow preoccupations and compartmentalised concerns by involving people from
civil society, the private sector and public agencies as actors in participatory delib-
eration and decision making. Thus sustainable development is a way to conceive
the common good as the basic principle of public legislation in a complex world.
Agenda 21, a program of the UN, is a comprehensive blueprint of action to be taken
globally, nationally and locally. (Chapter 2)

Systems knowledge: addresses questions about the genesis and possible further
development of a problem (see problem), and about interpretations of the problem
in the life-world (see life-world). [. . .] Systems knowledge confronts the difficulty
of how to deal with uncertainties (see uncertainties). These uncertainties are the
result, on the one hand, of transferring abstract insights from a laboratory, a model
or a theory to a concrete case underlying specific conditions. Furthermore, empirical
or theoretical knowledge about a problem may be lacking, and depending on the
interpretation of a problem, these uncertainties may be assigned different degrees
of importance, which leads to diverging assessments of the need for action and of
target knowledge (see target knowledge) and transformation knowledge (see trans-
formation knowledge). (Pohl and Hirsch Hadorn, 2007)

Target knowledge: addresses questions related to determining and explaining the
need for change, desired goals and better practices. [. . .] In the case of target knowl-
edge, the question is what the multiplicity of social goals means for research, for
society’s practice-related problems, and for transdisciplinary collaboration between
science and actors in the life-world (see life-world). Transdisciplinary research (see
transdisciplinary research) faces the challenge of clarifying a variety of positions
and prioritising them in the research process (see transdisciplinary research pro-
cess) according to their significance for developing knowledge and practices that
promote what is perceived to be the common good (see common good). This is
necessary not only when the need for action has to be identified and objectives have
to be determined, but also when describing the systems to which they refer and the
possibilities of inducing change. (Pohl and Hirsch Hadorn, 2007)

Transdisciplinary research process: consists of three phases: (1) Problem iden-
tification and structuring (see problem identification and structuring), (2) Problem
analysis (see problem analysis), and (3) Bringing results to fruition (see bringing
results to fruition). The importance of each of the three phases must be taken into
account when allocating time, finances and personnel. Transdisciplinary research
(see transdisciplinary research) does not necessarily progress through the phases in
the order mentioned above. (Pohl and Hirsch Hadorn, 2007)

Transdisciplinary research: is needed when knowledge about a societally rel-
evant problem field is uncertain (see uncertainties), when the concrete nature of
problems is disputed, and when there is a great deal at stake for those concerned by
problems and involved in dealing with them. Transdisciplinary research deals with
problem fields (see problem field) in such a way that it can: (a) grasp the complexity
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(see complexity) of problems, (b) take into account the diversity (see diversity) of
life-world (see life-world) and scientific perceptions of problems, (c) link abstract
and case-specific knowledge, and (d) develop knowledge and practices that promote
what is perceived to be the common good (see common good). (Pohl and Hirsch
Hadorn, 2007)

Transformation knowledge: addresses questions about technical, social, legal,
cultural and other possible means of acting that aim to transform existing practices
and introduce desired ones. [. . .] In the case of transformation knowledge (see trans-
formation knowledge), established technologies, regulations, practices and power
relations must be taken into account. This is the mere consequence of pragmatism,
since options for change have to rely on existing infrastructure, on current laws, and
to a certain degree on current power relations and cultural preferences, in order to
have any chance at all of being effective. When these social, cultural and techno-
logical givens are not considered, this leads to the often criticised discrepancy be-
tween knowledge and practice. For transdisciplinary research (see transdisciplinary
research), the challenge here is to learn how to make what is established more ‘flex-
ible’. (Pohl and Hirsch Hadorn, 2007)

Uncertainties of knowledge: Because of empirical diversity (see diversity) and
complexity (see complexity), there is debate about which parameters are relevant,
how they are connected in concrete processes, and what disciplines (see scientific
disciplines) need to be involved. [. . .] Uncertainties exist regarding the description
and explanation of the genesis and possible further development of such problem
fields (see problem field). Disputes inevitably exist in the life-world (see life-world)
regarding whether and how certain actors’ (see actors) practices need to be changed,
because the groups directly or indirectly involved have a variety of interests, most
of which are often incompatible. (Pohl and Hirsch Hadorn, 2007)
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Chapter 29
Enhancing Transdisciplinary Research:
A Synthesis in Fifteen Propositions

Urs Wiesmann, Susette Biber-Klemm, Walter Grossenbacher-Mansuy,
Gertrude Hirsch Hadorn, Holger Hoffmann-Riem, Dominique Joye,
Christian Pohl and Elisabeth Zemp

Abstract The debate on transdisciplinarity is still fairly young and the process of
transdisciplinary research is still being developed. This final chapter is an attempt
to stimulate the debate on, and the development of, transdisciplinary research. With
the 15 propositions, the editors of the Handbook take a position on the definition,
scope and process of transdisciplinary research; then we give hints on how to deal
with some of the most persistent stumbling blocks in transdisciplinary practice; and
finally, we highlight the corner stones needed to face the scientific, the institutional
and the societal challenge.

Keywords: Propositions · Key-features · Research practice · Stumbling blocks ·
Capacity building

29.1 Introduction

The case studies and discourses presented in this handbook illustrate the broad-
ranging relevance and multi-facetted challenges of transdisciplinary research and
provide a wealth of concrete hints and recommendations for transdisciplinary re-
search.

In this chapter the Handbook’s editorial committee intends to summarise key-
features and means for enhancing transdisciplinary research and to point to some
of the challenges ahead. We have chosen the format of propositions to emphasise
that the views presented are those of the editors. Although based on the contents
of the chapters in the Handbook (Hirsch Hadorn et al., 2008), the 15 propositions
might not be shared by all authors in all aspects. In order to keep statements and
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arguments brief, we have abstained from positioning them in the broad range of
relevant discourses and therefore references are not included.

At the same time our propositions highlight the fact that the debate on trans-
disciplinarity is fairly young and that the process of transdisciplinary research is
still being developed. Whether it will ever reach the format of an established disci-
pline with sound paradigmatic foundations is questionable, since transdisciplinarity
crosses boundaries between forms of knowledge; taking into account the diversity,
complexity, uncertainty and values of issues. However, developing means to deal
with the resulting challenges in research is what drives a growing community of
transdisciplinary researchers. In this sense our contribution aims at further stimulat-
ing the debate on, and development of, transdisciplinarity research.

Our 15 propositions are arranged in three sections (Fig. 29.1). First we take a
position on the definition, scope, process and outcome of transdisciplinary research;

Fig. 29.1 Propositions for enhancing transdisciplinary research
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then we give hints on how to deal with some of the most persistent stumbling blocks
in transdisciplinary practice; and finally, we highlight some challenges ahead and a
possible way forward.

29.2 Scope, Process and Outcomes of Transdisciplinary Research

In the first section the propositions highlight our understanding of transdisciplinary
research. In the following sections, this understanding forms the basis on which we
address the question of how to enhance this mode of research.

Definition: Transdisciplinarity is, on the one hand, rooted in the rise of the
so-called knowledge society, which refers to the growing importance of scientific
knowledge in all societal fields. On the other hand, it acknowledges that knowledge
also exists and is produced in societal fields other than science. The difference is
that systematisation leading to specialisation is more pronounced in science than in
other societal fields. Transdisciplinary research focuses on the links between dif-
ferent sciences and between science and other parts of society. This leads to the
following general definition.

Proposition 1: Transdisciplinary research is research that includes cooperation within the
scientific community and a debate between research and the society at large. Transdisci-
plinary research therefore transgresses boundaries between scientific disciplines and be-
tween science and other societal fields and includes deliberation about facts, practices and
values.

Scope and relevance: Transdisciplinary research has arisen from a growing
number of complex problems in the life-world for which knowledge-based solutions
are sought but for which knowledge of a single scientific discipline or societal field
is insufficient. This leads to the following proposition on the scope, definition and
relevance.

Proposition 2: Transdisciplinary research is an appropriate form of research when searching for sci-
ence based solutions to problems in the life-world with a high degree of complexity in terms
of factual uncertainties, value loads and societal stakes. Through bridging different scientific
and social knowledge components it can significantly improve the quality, acceptance and
sustainability of such solutions. However, deliberation about facts, practices and values are
ongoing when bringing results to fruition in the life-world as well as in scientific commu-
nities.

Recursive processes: In a transdisciplinary research process, determining the
problems involves making fundamental decisions about what aspects are seen as
important and what constitutes disputed ground. Furthermore, decisions must reflect
the uncertainties in the knowledge surrounding the problems. These challenges can
be addressed by restructuring problems and correcting assumptions in the course
of research. Therefore transdisciplinary research requires a research design that is
basically recursive. The following proposition deals with this key-characteristic of
transdisciplinary research processes.
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Proposition 3: Transdisciplinarity implies that the precise nature of a problem to be
addressed and solved is not predetermined and needs to be defined cooperatively by actors
from science and the life-world. To enable the refining of problem definition as well as
the joint commitment in solving or mitigating problems, transdisciplinary research con-
nects problem identification and structuring, searching for solutions, and bringing results to
fruition in a recursive research and negotiation process. Transdisciplinarity thus dismantles
the traditional sequence leading from scientific insight to action.

Knowledge forms: Transdisciplinary research analyses complex empirical ques-
tions (systems knowledge), it aims at determining goals for better dealing with
problems (target knowledge) and investigates how existing practices can be changed
(transformation knowledge). Transdisciplinary research takes interrelations between
knowledge forms into account and includes heterogeneous sources of knowledge by
iteratively integrating knowledge components and forms. The following proposition
deals with this further key-characteristic of transdisciplinary research processes.

Proposition 4: In relation to the nature of problems that are addressed in transdisciplinary
research, the canon of participating disciplines and competences from the natural, technical
and social sciences, and the humanities, as well as from the life-world cannot be pre-defined.
It is to be determined during the research process which bodies of knowledge have to be
integrated to take into account, produce and integrate systems knowledge, target knowledge
and transformation knowledge.

Contextuality and generality: Turning to the outcomes of transdisciplinary re-
search, we see that the nature of the problems addressed has far reaching conse-
quences. In terms of concrete results and problem-solving contributions, these must
be contextualised and go beyond counselling by developing transmissible knowl-
edge. This tension is addressed in the following proposition.

Proposition 5: Transdisciplinary research is by necessity shaped by concrete problem con-
texts and related societal settings and its results are basically valid for these contexts. How-
ever, taking into account the prerequisite of contextualisation, transdisciplinary research
also aims at generality by providing insights, models and approaches that can be transferred
to other contextual settings after careful validation and adaptation.

Specialisation and innovation: Transdisciplinary research is committed to
developing state-of-the-art scientific innovation at the interplay between transdis-
ciplinary and disciplinary research. It is driven by the tension between specialisa-
tion in transdisciplinary methods and the triggering of transformation of disciplines.
Therefore transdisciplinary researchers form a mixed college of peers. This tension
leads to the next proposition.

Proposition 6: The quality of transdisciplinary research is bound by sound conceptions
of integration and thus requires development of an own form of specialisation. However,
transdisciplinary research is not meaningful without sound disciplinary contributions and it
has the potential to stimulate innovation in participating disciplines. Bringing this potential
to fruition requires an emerging college of peers able to bridge disciplinary and transdisci-
plinary specialisation.

The six propositions on the definition and scope (1 & 2), the process (3 & 4) and
the outcomes (5 & 6) of transdisciplinary research form the basis and reference on
which we deal with stumbling blocks and the way forward in the following sections.
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29.3 Dealing with Stumbling Blocks in Transdisciplinary
Practice

Given the general characteristics outlined in the above propositions and the expe-
riences presented in the case studies of this handbook, some stumbling blocks of
transdisciplinary practice seem to be common and persistent. Therefore, we briefly
qualify these stumbling blocks and postulate proposals on how to deal with them.

Participation and mutual learning: Collaboration between science and soci-
ety in transdisciplinary research implies participatory processes. At the same time
participation is one of the major stumbling blocks in transdisciplinary practice.
Neglecting the diversity of goals, values, expectations and related power constel-
lations in both society and science exposes the danger of purely symbolic participa-
tion, which results in solidifying roles and positions with low innovative potential
of transdisciplinarity. This neglect can lead into diffuse ‘all-inclusive’ processes in
which positions, roles and contributions lose credibility to the extent that all major
stakeholders in society and science begin to doubt the relevance of participatory
processes and lose interest. These considerations lead to the following proposition:

Proposition 7: Participatory processes in transdisciplinary practice require carefully struc-
tured, sequenced and selected negotiations and interactions. The different resources, goals
and values at stake and their social representation in society and science need to be con-
sidered. Building on approaches of mutual learning that bridge roles and positions without
dissolving them is a promising entry point to goal oriented participation.

Integration and collaboration: Closely related to participation is another core
feature of transdisciplinary research – collaboration to integrate the perspectives and
knowledge of various disciplines and stakeholders. The challenge of collaborative
integration that ideally starts with problem definition and continues throughout the
whole research process is again bound to a wide range of difficulties in transdisci-
plinary practice. These may turn into stumbling blocks, in particular, when efforts
are limited to communicative action only, or when so-called synthesis processes are
postponed to the end of the research process. Major difficulties also arise if integra-
tion is delegated to one of the participating disciplines only, or if integrative concepts
are too stringently designed and do not leave room for participating disciplines and
researchers to manoeuvre. These stumbling blocks can be overcome by considering
the following proposition when planning collaboration and conceptualising integra-
tion in concrete transdisciplinary endeavours.

Proposition 8: Collaborative efforts of integration have necessarily to take into account the
recursive nature of transdisciplinary research. Combining different means of integration, i.e.
developing joint theoretical frameworks, applied models, and concrete common outputs –
in an iterative or circular process – has proven to be particularly successful. At the same
time, transdisciplinary work should be organised in a manner that enables a productive
balance between structured collaboration and vested interests by participating partners and
disciplines.

Values and uncertainties: Dealing with values and uncertainties is one of
the core difficulties in transdisciplinary research, practice and related capacity
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development. In many cases this turns out to be one of the most important stumbling
blocks. The differing and often conflicting values of participating researchers and
stakeholders are most decisive in recursive transdisciplinary problem definition.
Beyond that, they strongly influence the design and process of transdisciplinary
endeavours, i.e. who is included or excluded – as well as the interpretation and appli-
cation of outputs and outcomes. In addition, ontological and epistemic foundations
of participating disciplines are strongly value-loaded. If these value dimensions are
hidden or neglected, transdisciplinary collaboration may turn out to be largely su-
perficial or driven by power-constellations representing underlying values. Closely
related are the uncertainties that stem from the nature of the problems addressed,
the respective limitations of involved system knowledge, as well as the conflicting
value-loads influencing all stages of transdisciplinary processes. In this respect it
also important to recall that transdisciplinary research is basically bound to socio-
political contexts, giving rise to uncertainties concerning the validity of outcomes
beyond these contexts. If not actively dealt with, these uncertainties may lead to
very diffuse, unnamed and disputed outcomes, or – even worse – to over-interpreted
and over-generalised results.

Proposition 9: In order to give sufficient attention to values and stakes at all stages of trans-
disciplinary processes, collaborations and negotiations should be dominated by a mutual
learning attitude, not by positions. This is best promoted by adequate time allocation, by
creating broad ownership of the problems and by building value-consciousness through
reflexive processes among researchers. Reflexivity is also the core means for dealing
with uncertainties and the outer boundaries of knowledge resulting from transdisciplinary
endeavours.

Management and leadership: Project and management structures in transdisci-
plinary endeavours tend to become complex and overloaded as transdisciplinary re-
search, by default, includes a range of partners and institutions. Due to the recursive
nature of problem definition and research, participating institutions and disciplines
may vary over time, making management and leadership even more challenging.
At the same time, the management and leadership of transdisciplinary processes is
often caught in a fix. On the one hand, it is a matter of dealing with the production
pressure, which results from the complex and therefore costly projects forced to
compete with disciplinary research on the science market. On the other hand, ade-
quate time, space and resources must be provided for mutual learning and recursive
research processes to take place. This basic conflict is heightened by the fact that
the social reference and control system of participating researchers and stakehold-
ers is anchored within their home institutions and not within the transdisciplinary
team. The following proposition indicates some points that may help management
of transdisciplinary research to deal with the basic squeeze between high internal
and external expectations and the low formal steering powers.

Proposition 10: The leading of transdisciplinary projects primarily implies finding a satis-
factory balance between periods of intense collaboration with clearly defined joint outputs
and periods where deepened disciplinary and multi-disciplinary contributions can be elabo-
rated. This balance of periods is best supported by management services that simultaneously
ease administrative tasks for participants, provide clearly structured and timed means of
communication, integration and reflexivity, and support internal and external recognition of
all contributors, i.e. through providing access to extended peers.
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Education and career building: When considering education, training and
career building in and for transdisciplinary research, an initial stumbling block is the
misconception of transdisciplinarity as an additional or new discipline. This position
neglects the fact that transdisciplinarity is a specific form of research collaboration
and of integrative efforts, and therefore is rooted in the participating disciplines. A
second problem arises when training and education is designed in a way that reduces
transdisciplinarity to communication and social interaction. But – although very
important – communication skills and social competence alone do not make trans-
disciplinarity possible. Competences that relate to reflexivity on disciplinary and
interdisciplinary methodologies or to conceptual and theoretical skills are equally
important. However, the most common stumbling block in education, and in par-
ticular in respective career building, is related to the conflicting reference systems
to which researchers are exposed in transdisciplinarity research: that of their own
scientific discipline, of the interdisciplinary research context, and of the society
concerned. For the individual researchers who aim at building their career, e.g. at
the PhD or the post-doc level, this leads to tensions that are difficult to deal with
and that may result, either in withdrawal from transdisciplinarity or in amateurish
scientific transgression.

Proposition 11: Transdisciplinary training and education is best developed in close con-
nection with the disciplines of origin. Besides building communication and collaboration
capacities through practical exposure, emphasis should be put on reflexivity and on method-
ological, conceptual and theoretical skills that enable the exploration of boundaries and con-
nections between disciplines. Related career building can be supported by careful planning
and sequencing of outputs targeting the reference systems of the original discipline and the
enhanced peers of transdisciplinarity.

Evaluation and quality control: When all the above points are taken into ac-
count it is obvious that external evaluation and internal quality control of transdis-
ciplinary research are great challenges and may turn out to be stumbling blocks.
In an increasingly competitive scientific environment and in a science-critical so-
ciety, independent evaluation is crucial for strengthening high quality transdisci-
plinary research. If respective assessments only refer to the frontier of knowledge
in one or several disciplines and do not respect the integrative and context-specific
achievements of such research, transdisciplinarity will be discredited by default.
Transdisciplinarity may also be discredited by poor outputs and outcomes stem-
ming from a lack of internal quality control. It is important to note that discourses
and procedures related to quality control are often hindered or even refused con-
sideration so as not to transgress into other partners’ fields of competence and
assigned roles.

Proposition 12: Evaluation of transdisciplinary research has to go beyond traditional ref-
erence systems. It should include qualifying integration and collaboration of disciplines
and stakeholders, the recursive design of the research process, and the way the project is
based on, and can provide input to, scientific knowledge and societal problem handling.
In order to strengthen internal quality control efforts, researchers should concentrate on
finding the delicate balance between respecting specific competence and transgressing them
in constructive and critical dialogue within transdisciplinary teams.
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29.4 Corner Stones for Enhancing Transdisciplinary Research

In the previous section we mentioned some important difficulties in transdisci-
plinary practice and we gave some hints on how to deal with them. We have pointed
to the most important corner stone for further enhancing transdisciplinary research,
namely improving its practice and thereby enhancing its credibility in science and
society. However, this will not be sufficient, as additional challenges have to be faced
at a minimum of three more levels, which we will briefly discuss: the scientific, the
institutional and the societal challenge.

Facing the scientific challenge: A large part of the scientific community still
perceives transdisciplinary research, at worst as a semi-scientific application of
several disciplines or, at best as a promising new meta-discipline. These positions
overlook the fact that transdisciplinarity is a mode of research that is geared to the
science and society interface, aims at knowledge based contributions to life-world
problems and is rooted in and builds on the participating disciplines. The effect of
the predominant image of transdisciplinarity is at least threefold. Firstly, it hinders
conceptual and methodological development and innovation at the scientific and
science–society interfaces. Secondly, it prevents the development of acknowledge-
ment and reference systems between disciplines and transdisciplinary endeavours.
Thirdly, it promotes fraudulent labelling against the background of the novelty im-
age of transdisciplinarity.

Proposition 13: Good and concrete transdisciplinary practice must be supplemented by
efforts at the levels of its scientific foundations and its scientific recognition. Such efforts
must go beyond systematising transdisciplinary research procedures and aim at theoretical,
methodological and topical development and innovation at the interface with participating
disciplines – to the benefit of both sides. Facing these challenges requires development of
extended peer networks and other collaborative networks that bridge transdisciplinary and
disciplinary reference and quality control systems.

Facing the institutional challenge: Related to its image in the scientific and
science policy community, transdisciplinary research occupies a peripheral insti-
tutional position in academia. It is often associated with institutions of applied
research and demand driven consultancy, or it is packaged in temporarily limited
projects or programmes. This peripheral position has the advantage of having a
more immediate connection to the science–society interface. However, it has the
great disadvantage that it does not promote theoretical and conceptual development
and reflexivity, and even worse, that it is unlikely to stimulate innovative synergies
in disciplinary research and curricula. One probable reason is that although many
researchers and disciplines participate in transdisciplinary endeavours, the core of
their reference system perceives this participation as a scientific service rather than
as a genuine interest of the respective discipline. Thus, the weak institutional posi-
tion hinders or may even prevent transdisciplinarity from realising its full potential.

Proposition 14: In order to enhance transdisciplinary research, its scientific foundations and
its innovative potential for participating disciplines, the institutional position in science and
academia has to be strengthened. This means incorporating aspects of transdisciplinarity
into research, curricula and career building within established disciplinary institutions, and



29 Enhancing Transdisciplinary Research 441

may include promoting specialist transdisciplinary institutions. The growing network of
peers will need to play a key role, allowing transdisciplinary practice to be promoted more
pro-actively by the scientific community.

Facing the societal challenge: A key task of transdisciplinarity is to address
the science and society interface, implying that the role and image of science in
society matter, as does the conception of society in science. However, persisting
conventions of these roles, images and conceptions conflict with the goal of trans-
disciplinary research to address life-world problems characterised by a high degree
of complexity in terms of factual uncertainties, value loads and societal stakes. If
left undebated, these conventions often lead into dead-locks and false expectations
in transdisciplinary practice.

Proposition 15: Efforts to enhance transdisciplinarity should be accompanied by and em-
bedded into a societal debate on the role of science in society, particularly when dealing
with factual uncertainties. At the same time, the scientific community is urged to constantly
renew the debate on the role of values and stakes in research. Contributing to solving life-
world problems through transdisciplinary research requires science to be conscious and
explicit in terms of values and in terms of the boundaries of knowledge and findings – and
it requires a corresponding image of science in society.

We, the editors of this handbook, are convinced that transdisciplinary research forms
a major avenue for enhancing science based contributions to solve complex prob-
lems in the life-world. At the same time we are convinced that transdisciplinarity
holds the potential to stimulate innovation in a broad range of disciplines. Enhanc-
ing transdisciplinary practice and its scientific foundations is therefore a rewarding
challenge. We hope that our 15 propositions, and this handbook as a whole, will
encourage many scientists to face this challenge and enter into transdisciplinary
practice and debate.
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