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Foreword to the English Edition

Research workers are increasingly being asked to tackle important but messy
problems in the everyday world. These problems may be both difficult and require
several disciplinary skills if they are to be effectively addressed. Perhaps conse-
quently, interdisciplinary research is currently fashionable with research funding
organizations, but it does not take long to discover that no two agencies have the
same picture of interdisciplinarity: For some, to get a crystallographer and a mate-
rials scientist to work together is the limit of their ambition, while for another
agency a proposal might need to include not only a climatologist, a hydrologist, a
fish physiologist and an economist, but also a fishmonger and an ethnic minority
consumer! What is special about interdisciplinary and transdisciplinary work? What
is its power and what are its demands and optimal methodology? The agencies are
driven by various forces. Certainly, new fundamental discoveries are often at the
intersection of two existing disciplines, but more frequently now the aim is to tack-
le the large problems of life: poverty, malnutrition and climate change, for example.

Any reasonable person will see the necessity for both natural and social scien-
tists to solve problems of malnutrition, for example. For some research workers, it
seems that the difficulties involved in interdisciplinary research only become clear
when they receive a grant and start work. Charles Darwin said that it was often
harder to formulate the question in biology than it was to subsequently answer it.
Social and natural scientists faced with the same problem will ask very different
questions. It becomes clear that there is more to combining disciplines than at first
meets the eye. If we go one step further and involve the people affected by the
problem as well (transdisciplinary research), things get still more complex.

Anglo-Saxon researchers tend to choose what we feel are the relevant
disciplines and try to get on with the research, struggling with the problems of
interdisciplinary working as best we can. | had social anthropologists and
molecular biologists, along with several other disciplines, in the same department
in 1979; and detailed consultation with what now would be called stakeholders
was a feature of the rapid rural appraisal work of Robert Chambers, which is
quintessentially transdisciplinary, at about the same time. But we had little in-
sight into what we were doing.
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But our continental colleagues have been more thoughtful about the process, and
have tried hard to sort out what is going on in the activities of transdisciplinary
research. They have thought rigorously about it, which is very helpful, as all sorts
of transdisciplinary research activities are currently appearing: ‘sustainability
science' in the USA, participatory rural appraisal from the UK, Ecohealth in
Canada, recherche-intervention from France. Are these identical? No, but perhaps
they are similar responses to a widely perceived need for scientists to get to grips
with the messy important problems of the world? Some scientists will decide this
is not the business of science; others will try but flounder in the complexity; yet
others will prescribe a particular research process that will somehow unlock the
problems. Most of us will have doubts about all these attitudes.

Our Swiss and German colleagues have been concomitantly struggling with
real transdisciplinary research applied to environmental problems in Switzerland
(Swiss Priority Programme Environment) and global change-related issues world-
wide (most notably in the Swiss NCCR North-South multi-university programme).
They have also created a forum within the Swiss Academies of Arts and Sciences
to think about what they are doing. The most accessible output of that thinking
is this little book. It first sums up their best experiences in transdisciplinary
research so far, and describes the process that it entails, providing a framework
and a broad philosophy of how to do it. It aims to describe this framework as
precisely as possible and has struggled for precision and clarity, remarkably suc-
cessfully. That does not make it a rapid read, as it requires us to think in new ways,
but it does face up to the scientific challenges which arise when messy transdis-
ciplinary problems come up against what Medawar memorably called ‘the art of
the soluble’. One may not agree with this book at every point, but the Swiss work
view is put clearly, and progress in science is more likely to come from error than
confusion. We have the feeling of mastering a complex map; rather than of
swimming in pea soup, which so much other writing on transdisciplinarity does.
Equally useful is the second part of the book (called an annex) which reviews the
different definitions and usages of ‘transdisciplinarity’ and helps us to see some
order in the chaotic literature.

The original German version of the text has been translated into English
with great care and perception. This book brings a whole area of research and
reflection to English-speaking readers. Anyone whose research takes them beyond
a single discipline, and who seeks to tackle how to understand the major problems
of society in a scientific way, will gain new insights on how to set about it.

David Bradley
London School of Hygiene & Tropical Medicine,
& Zoology Department, University of Oxford.



Translator's Note

Translating is an act of mediation between cultures and currents of thought. To
produce their German version of the Principles for Designing Transdisciplinary
Research, Christian Pohl and Gertrude Hirsch Hadorn "translated” a first time, so
to speak: in a major effort, they succeeded in mediating between numerous
different debates, each characterised by a scientific community's distinctive
approach to the problem of making science speak with rather than for society.
This is a remarkable achievement. My work was much easier and less perilous; it
benefited from the authors' willingness to answer question after question and
discuss versions of sentences that were not really appropriate translations of
their original thoughts. | take the opportunity of this "Translator's Note" to thank
them for having allowed me to learn so much about transdisciplinary research in
the process of translating their work. Let me add two technical remarks.

First, it is @ common experience for translators to find that some concepts in
the source language exist in their own right, with no equivalent in the target
language - a reflection of the cultural specificity of a current of thought. In such
cases, translators like to stick to a literal translation of the words, as this signals
that the concepts come from "elsewhere”, not from the cultural world of the tar-
get language, in our case English and the English-speaking world. In the present
text, this was the case for the following terms: Problemfeld, Rekursivitdt, and
Lebenswelt. These terms therefore occur as literal translations. A "problem field"
is explained by the authors as "an area in which the need for knowledge related
to empirical and practice-oriented questions arises within society due to an
uncertain knowledge base and diffuse as well as controversial perceptions of
problems” (see endnote #10). The key concept of "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 denota-
tion 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

11
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of steps a terminus is reached with an outright evaluation of the result." The dif-
ference 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. As
for "life-world”, which could be approximated by the more English-sounding
"everyday-world”, the authors point to the origin of the philosophical concept
in Husserl's work and its use in constructivist thinking (see endnote #3).

The second and final technical remark concerns the translation of quotations
from other authors. Wherever English translations of quotations originally in
German or French were found, | transcribed them, with a reference to the source
of the published translation; in all other cases, a note indicates that a citation
was translated into English specifically for this publication. Whenever possible,
| asked authors of the original quotation to correct my draft translations.

Anne B. Zimmermann

National Centre of Competence in Research (NCCR) North-South
Bern, Switzerland

January 2007



Foreword by the td-net
Scientific Advisory Board

The mission of transdisciplinarity-net (td-net, www.transdisciplinarity.ch) is to
develop the means of supporting exchange and learning among researchers
dealing with the various "problem fields" in which transdisciplinary research
takes place. The present Principles for Designing Transdisciplinary Research (TR)
constitute a first supportive element of this kind. A second element is a Handbook
for Transdisciplinary Research based on these Principles, to be published in 2007.
To effectively meet concrete challenges in the fields of health, valorisation of
technological innovations, North-South collaboration, environmental change,
social dynamics etc., and engage in sustainable development, the private sector,
public agencies and civil society rely on collaboration with the scientific commu-
nity. Within this context, transdisciplinary research plays an important role,
complementary to basic research. The aim of transdisciplinary research is to help
solve societal problems and develop knowledge about how to fashion adequate
solutions for specific problems in fields as diverse as sanitation, pollution, equal
rights, poverty alleviation, epidemiology etc. These solutions need to take into
account systemic processes and social perspectives in order to be embedded in
concrete contexts. Transdisciplinary projects also advance science and the
humanities by developing an understanding of complex relationships, by discover-
ing new ways of asking questions, and by elaborating unusual methods.

For those engaged in transdisciplinary research, its aims, content and practices
constitute a major challenge. What transdisciplinary research requires is mutual
respect, reciprocal learning, and constructive collaboration between different
academic cultures, between research and “life-world" perspectives, as well as be-
tween different institutions. Only in this way can the tasks of research - identify-
ing and structuring problems, analysing them, and bringing results to fruition -
be adequately fulfilled. It is obvious that successful transdisciplinary collabora-
tion is not an easy undertaking, given the need for crossing boundaries between
disciplines as well as between research and practice. To be successful, transdis-
ciplinary research requires systematic procedures, which have so far been signif-
icantly lacking. The present Principles for Designing Transdisciplinary Research
intend to fill this gap.

13
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The development of excellence in research depends on continuous debate, critique
and innovation among experts regarding research questions, concepts, methods
and results. Typically, transdisciplinary research groups work on a wide range of
themes and display a high degree of mobility. Adequate networks therefore
need to be developed, with communication structures capable of promoting the
advancement of transdisciplinary research through exchange and learning among
researchers in the different problem fields. The transdisciplinarity-net (td-net) of the
Swiss Academies of Arts and Sciences was created in 2003 to support and pro-
mote transdisciplinary research in the engineering, natural and social sciences
and in the humanities.

The Principles for Designing Transdisciplinary Research were elaborated within
the framework of a td-net project. The td-net Scientific Advisory Board considers
these Principles as a key element for supporting transdisciplinary research. The
Principles highlight the special challenges that have to be met by transdisciplinary
researchers when they conceive their projects, and suggest how to tackle them.

The committed response of the Swiss Federal Office for the Environment
(FOEN) provided both the impulse for and the means of developing the present
Principles. With great insight and understanding, Christian Pohl formulated a first
draft of the Principles, based on an analysis of publications on transdisciplinary
projects and transdisciplinary research. This draft was edited on the basis of
feedback collected in a broad review process, after presentations given to many
different audiences, and following experimental implementations. The latter
were made possible through collaboration with projects of the National Centre
of Competence (NCCR) North-South and an expert appraisal for the Berlin-Bran-
denburg Academy of Sciences and Humanities.

If the scientific community succeeds in revising and further developing the
present Principles, this document will have fulfilled its true purpose of supporting
a form of research currently in the process of defining itself.

The td-net Scientific Advisory Board: Susette Biber-Klemm, Beat Butz, Sand-
ro Cattacin, Martin Grosjean, Walter Grossenbacher, Bernd Hdgele, Gertrude
Hirsch Hadorn, Patrick Hunziker, Dominique Joye, Othmar Kdppeli, Ingrid Kissling-
Ndf, Margrit Leuthold, Arthur Mohr, Michael Nentwich, Rainer Schweizer, Martine
Stoffel, Thomas Teuscher, Urs Wiesmann, Elisabeth Zemp
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The conditions for transdisciplinary research (TR) are given when knowledge
about a socially relevant problem field is uncertain, when the concrete nature of
problems is in dispute, and when there is a great deal involved for those concerned
by these problems. TR copes with such problem fields in a process that integrates
a variety of disciplines and actors from public agencies, civil society and the private
sector, in order to identify and analyse problems with the aim of developing
knowledge and practices that promote what is perceived to be the common good
(see the definition in Chapter 3.1).

The content of a TR project is defined by the problem field, the disciplines and
the groups involved, as well as the local circumstances that characterise a project.
What is often forgotten is that in spite of this dependency on very specific
contexts, transdisciplinary projects also have many common features and are
constantly confronted with the same challenges, be it in the health sciences, in
peace studies, technology assessment, or sustainability research.

The Principles for Designing TR outline the particular challenges of designing
a project that must have a transdisciplinary orientation. They also suggest how
to deal with these challenges with a view to elaborating knowledge of immediate
social relevance and encouraging researchers to work creatively. The present
publication is primarily intended for transdisciplinary researchers. While it aims
to help them plan and implement transdisciplinary research projects, it does not
claim to be a methodological handbook. By outlining the particularities of TR, the
Principles underline aspects that can be referred to when there is a need to
assess and promote TR adequately. Institutions that support research are there-
fore a further audience for the present publication - which does not, however,
claim to be a concrete evaluation instrument.

In the past few years, a whole series of publications focusing on management,
evaluation and the specific challenges of inter- and transdisciplinary research has
emerged.! These studies mainly discuss the organisational and communicational
challenges that can be met - with the help of group processes - by researchers
and actors from different fields who work in the same project and with the same
aim. Given the different interests, views, working methods and timeframes, the
task of those involved consists of building a culture of productive and reliable
collaboration. By focusing mainly on the conceptual challenges of TR, the
Principles draw attention to another task: readers are encouraged to ask what the
specific objectives of TR are, under what conditions it can be conducted, what the
objectives and conditions are for formulating and working on research questions,
and what needs to be taken into account in order to bring research results to
fruition.



The Principles are based on a first draft entitled "Guidelines fiir die trans-
disziplinare Forschung: 1. Vorschlag September 2004 zum Peer Review und zur
Vernehmlassung"2 ("Guidelines for Transdisciplinary Research: 1st Proposal for
Peer Review and Consultation, September 2004") and on the results of the
ensuing process of consultation. The experts who actively took part in the process
and thus made the current version possible are listed in Annex A3.

In the German-speaking world, the past ten years have seen a growth of TR,
mainly in the fields of environmental research and sustainability research. As the
present Principles for Designing TR primarily rely on experience gained in these
fields, they are a first step in a learning process that will help correct the bias that
might result from this context. The Principles do not claim to be complete and
authoritative: as a "real-world experiment” (see Chapter 4.4.1), they aim to
trigger a recursive or iterative process (see Chapter 4.1). The ideal case would be
for them to be used extensively, before being modified and made practical and
diversified on the basis of feedback from researchers in a variety of fields.

Structure
This publication is divided into four chapters. In the following chapter (Chapter 2),
the principles are presented in brief. The rest of the text explains them. Chapter 3
elucidates the understanding of TR on which the principles are founded and
explains basic concepts. Chapter 4 presents the specific challenges of TR for each
of the three phases of the research process, i.e.. 1) problem identification and
structuring, 2) problem analysis and 3) bringing results to fruition. The summary
in Chapter 2 is based on conclusions about general principles for designing
research, drawn from the presentation of TR in Chapter 3 and the description of
the research process in Chapter 4. Finally, Annex A presents various definitions
of TR and its "modes of operation”. This overview shows the whole gamut of
understandings of TR and thus makes it possible to situate the present Principles
in the context of the debate on such forms of research.

In order to make the text as reader-friendly as possible, references to the lit-
erature as well as many detailed explanations and clarifications of terms are listed
as endnotes as of Chapter 3.

17
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Transdisciplinary Research (TR)

There is a need for TR 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. 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) develop knowledge and practices that promote what is perceived to be the
common good.

The transdisciplinary research process

The transdisciplinary research process consists of three phases:

1. Problem identification and structuring

2. Problem analysis

3. Bringing results to fruition

The importance of each of the three phases must be taken into account when
allocating time, finances and personnel. TR does not necessarily progress through
the phases in the order mentioned above. For example, identifying and structur-
ing problems can lead to the insight that no further research is necessary because
enough knowledge is available to develop suggestions for feasible solutions. In
other cases, problem analysis and bringing results to fruition may lead to the
conclusion that problem identification or structuring needs to be revised and
adapted.

At the stage of analysing a problem field, trying to meet all of the four re-
quirements of TR - which are: (a) to come to terms with complexity, (b) to take into
account diversity, (c) to develop case-specific and practice-oriented knowledge
that can be transferred and (d) oriented towards what is perceived to be the com-
mon good - is risky, as this might overload the project with prerequisites, as if it
were supposed to become the proverbial “all things to all people”. To avoid such
overburdening of projects, it is important to take into account the following four
principles when shaping the research process.

1st principle: Reduce complexity by specifying the need

for knowledge and identifying those involved

When trying to come to terms with the complexity of problems, it is crucial to
consider only those relations relevant to practice-oriented problem-solving. TR



deals with empirical questions (systems knowledge); it also aims to ascertain
and explain better practices (target knowledge) and reflect on the practicability
of goals and feasibility of proposed solutions to problems (transformation
knowledge) (see Table 1, p.36). With this in mind, two means of adequately
reducing complexity are to specify the particular need for knowledge and identify
the people involved. Specifying the need for knowledge implies discerning what
research questions need to be addressed by a project and determining the
corresponding conditions. To this end, it is necessary to find out what kind of
systems perception underlies a project, what normative targets it has set itself,
and what potential societal transformations it aims at (see Tool 2, p. 40). Identify-
ing the people involved implies coordinating the tasks of societal actors and
disciplines in relation to the four requirements that need to be fulfilled (a-d, see
above), e.g. by determining which actors and disciplines need to be involved
and in what manner, with a view to taking into account the diversity of relevant
perspectives (see Tool 1, p.30).

The principle of specification is important in all three phases of TR, but it is
particularly significant when identifying and structuring problem fields.

2nd principle: Achieve effectiveness through contextualisation

TR aims to develop knowledge that helps solve “life-world” (or everyday-life)
problems concretely. Knowledge in this context comprises empirical knowledge,
as well as knowledge that enables people to shape practice-oriented opinions and
creative skills that open up possibilities for action in specific life-worlds. Research
must therefore pay particular attention to the impact-related contextualisation of
a project. One way of achieving this is to elaborate an impact model at the stage
of problem identification and structuring that shows the social impacts projects
may have when bringing results to fruition. Projects must therefore assess the
state of knowledge not only in relation to the research questions identified, but
also with regard to concrete societal practices and issues in the life-world
(existing technologies, regulations, practices, power relations and potential for
change). In order to make research results accessible to those concerned, it is
essential to reformulate them: Scientific insights must be summarised and
assessed for specific target groups; they must be translated creatively into
products useful to these groups; and it is necessary to reflect on how these
products will fit target groups’ current practices and agendas (see Tool 4,
p.65).
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But the effectiveness of TR relies just as much on its being embedded in the scien-
tific context. This can be achieved by linking current efforts to the state of the art
in the relevant disciplines, by learning from transdisciplinary work on similar pro-
blems (even in other thematic realms), and by systematising and publishing
experiences garnered in a project (see Tool 5, p. 67).

While the principle of contextualisation is relevant to all three phases of TR,
it is particularly significant when problems are identified and structured, and
when results are brought to fruition.

3rd principle: Achieve integration through open encounters

The most important principle for successful collaboration between disciplines and
with various social groups is to be open to encounters. This implies perceiving one's
own perspective as only one among several others, and accepting other views as
potentially just as relevant as one's own. Only thus can constructive discussions
about the potential of the various perspectives to contribute to the common
undertaking take place and be further developed.

Collaboration can take various forms (common learning as a group, negotia-
tions among experts, integration through the project leader), and be based on dif-
ferent modes of integration ("boundary objects”, glossary, everyday language,
models, transfer of concepts, mutual adaptation of concepts, developing
bridge concepts) (see Tool 3, p. 59). Depending on the form of collaboration and
mode of integration, the intensity of reflection about one's own and other actors'
perspectives can vary. Moreover, every form of integration structures the relation
between the perspectives involved in a specific way. This is why it is important to
determine the mode and concrete process of integration in a common and open
procedure, in order to ensure that it is adapted to problem structuring and
questions that have been defined above.

The principle of open encounters is relevant to all three phases of TR.

4th principle: Develop reflexivity through recursiveness

Fulfilment of the requirement that TR must, in the phase of problem analysis, (a)
encompass the complexity of a problem field, (b) take into account diversity, (c)
develop knowledge that is both relevant to specific cases as well as transferable,
and (d) develop practice-oriented solutions for what is perceived to be the
common good, often seems to be possible only to a limited degree. This can
jeopardise the quality of results and stall TR. One means of preventing this is to
shape the research process recursively (or iteratively). Recursiveness (or iteration)
implies foreseeing that project steps may be repeated several times in case of



need. The possible limitation or uncertainty of a preliminary result thus becomes
a means of targeted learning. Recursiveness is important in all three phases of
the research process. With regard to bringing results to fruition, this implies
introducing recursiveness not just at the end but already in the course of the
research process, so that recursive adaptations are possible. Every effort in the
phase of bringing results to fruition becomes a “real-world experiment” that must
be observed and from which something may perhaps be learned for problem
identification and structuring, for problem analysis, or for the next time results are
brought to fruition. Reflexivity thus means to correct assumptions on which the
production of knowledge is based, in case the real-world experiment reveals that
these assumptions need to be corrected.

The principle of recursiveness is relevant to all three phases of TR.

When planning a project, it is necessary to decide how the four TR principles
need to be implemented. Tools 1-5 are designed to help make this choice: they
summarise the aspects that need to be taken into account and show very differ-
ent ways of shaping TR.
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At first sight, it seems rather difficult to define TR based on the literature. But a
closer look reveals that existing definitions have recurring elements. Several defi-
nitions available in the literature are presented in Annex Al. They are grouped
according to how they prioritise the following four characteristics of TR:
__Transcending and integrating disciplinary paradigms;

__Doing participatory research;

__Relating to life-world3 problems;

__Searching for unity of knowledge beyond disciplines.

By transcending disciplinary paradigms, the limitations of disciplinary speciali-
sation in the process of structuring and analysing problems can be corrected.
Participatory research> means that actorsé from public agencies’, the private
sector and civil society can help shape the research process. The motivation for
focusing on life-world problems is the wish to take into consideration the
accountability of science8 vis-a-vis society and to meet the scientific challenges
of dealing with empirical and practice-oriented issues® in public agencies, the
private sector and civil society. The present Principles refer to a form of TR that
has such an extra-scientific motivation. Other forms of TR begin with a search for
fundamental metadisciplinary structures of knowledge.

3.1 Starting point, goal and requirements

The starting point for TR is a socially relevant problem field.1® A problem field (e.g.
violence, hunger, poverty, disease, environmental pollution) refers to a life-world
area in which empirical and practice-oriented issues call for knowledge. Problem
fields are socially relevant when those involved have a major stake in the issues
and when there is a societal interest in improving the situation. This does not
mean that there is always general agreement about the need for action, nor about
the type of strategy required. The aim of TR is to develop empirical and practice-
oriented knowledge that can help solve, mitigate or prevent life-world problems.
When pursuing this goal and identifying, structuring, analysing and dealing with
concrete problems in a problem field, it is necessary to consider four fundamental
requirements.



a) TR takes into account the complexity of problems: TR must include relevant rela-
tions between the social and natural factors that constitute a problem and
might influence possible solutions. To this purpose, it is necessary to grasp
the dynamic interdependencies of empirical insights, technical options, value
orientations and policy options.

b) TR takes into consideration the diversity of scientific and life-world perspectives
on problems: Actors in science and the life-world do not have the same
perception of what factors induce a problem; nor are these two groups homo-
genous: Perceptions of the relevance of factors differ within the groups as well.
This multiplicity of perspectives is the result of individual disciplinary view-
points and particular relations to action in the life-world, coupled with the
specific social and natural conditions of concrete situations. This diversity and
complexity must be taken into account when identifying and structuring prob-
lems, by establishing relations between the perspectives with a focus on how
to deal with the given problems in the life-world. Often, the various perspec-
tives that are considered in this manner are not complementary: They may
actually contradict one another, in which case they require reciprocal correction.

c¢) TR links abstract and case-specific knowledge: In order to help find solutions
that can become effective within a specific problem field, TR must build a
bridge between scientific knowledge produced under idealised conditions and
processes in a concrete situation.! It must establish relations between differ-
ent forms of relevant, case-specific and transmissible knowledge.

d) TR develops knowledge and practices that promote what is perceived to be the
common good:12 By dealing explicitly with the question of whether proposed
solutions serve the common good, TR enables those involved to achieve a
consensus about solutions - an important condition given the fact that actor
groups in the private sector, public agencies, and civil society can hold con-
troversial positions. The question how to define the concept of the common
good with regard to a specific problem field can be one of the research ques-
tions pursued by TR.

Participatory research involving non-scientific groups and research that crosses

the barriers between disciplines - both of which are characteristics of TR - are a

means to fulfil the above-mentioned requirements. Thus, the aim of involving

social groups is often primarily to integrate various life-world perspectives and
interests into TR (requirement b). But beyond this, participatory research is also

a means of grasping the complexity of a problem with the help of local knowledge

(requirement a), of testing the situational relevance and transferability of results

(requirement c), or of finding solutions for what is perceived to be the common
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good, and improving the practice-oriented effectiveness of results (requirement d)13
(see also Example 1 below). Several disciplines are often involved in efforts to
grasp the complexity of a problem (requirement a). This, however, can also help
integrate different or even contradictory disciplinary perspectives (requirement b);
alternately, when analytical and technical disciplines are brought together, a
bridge may be built between abstract academic reflection and case-specific
knowledge (requirement c)' (see also Example 2, p.29).

m—The "Popular Theatre" Approach’s

This example shows how requirements a), b), c) and d)
can be met with the help of participatory research.

In Tanzania, a UNICEF project uses theatre practice as a means for con-
ducting research on HIV/AIDS. The reason for this is that 60% of new
infections affect 16 to 24-year-olds. Theatre practice is conceived of as a
form of participatory research aiming to provide insights into the sexual
practices of this risk group and generate a debate among them about
these practices and their consequences, in order to find possible solutions.

In a first step, one woman and one man who belong to the risk group
in a specific region are given training in participatory research using “popu-
lar theatre”. Apart from gaining knowledge about HIV/AIDS, they learn
how to collect and interpret data, write a play about it, and lead a discus-
sion. These candidates then train further theatre practitioners in their
district. The choice of theatre practitioners lies in the hands of the risk
group. Because it is believed that differences between gender roles are a key
factor in understanding sexual behaviour, the same number of women and
men are trained as theatre practitioners.

With the support of the person in charge of training, the theatre group
conducts data collection and analysis with the population in the region, as
well as a brainstorming about possible solutions (requirement c). In Tan-
zania, data collection showed that there is a series of culturally founded
beliefs and practices which incite young people to have sexual contacts
with many different partners, thus leading to a high rate of infection in the
age group (requirements a and b). By performing results in a play, themes
that are not usually openly debated become public and are discussed with-
in @ community context (requirement d).




m—The Syndrome Approach'®

This example shows how requirements a), b), c) and d)
can be fulfilled by using various disciplines.

The syndrome approach classifies problems of global change on the basis
of characteristic indicators (symptoms), by analogy with disease patterns or
syndromes. It attempts to understand how these syndromes function in
order to suggest prevention and healing measures. Over-cultivation of mar-
ginal land (Sahel syndrome) and environmental degradation through
uncontrolled urban growth (favela syndrome) are examples of such patterns.
The syndrome approach was developed by the German Advisory Council on
Global Change (Wissenschaftlicher Beirat der deutschen Bundesregierung
Globale Umweltveranderungen, WBGU). This approach uses a conceptual
framework that is well-known in medicine and successfully used for diag-
nosing and treating diseases. By adopting an approach developed in an-
other discipline, the syndrome approach meets requirements c and d.

The functioning of syndromes of global change is being investigated
with the help of systems analysis and modelling at the Potsdam Institute
for Climate Impact Research. Modelling serves the purpose of grasping the
large number of natural and social factors and their mutual dependence
(requirement a). The multiplicity becomes apparent by taking up insights
from the natural and social sciences in the modelling process (requirement
b). On the basis of syndrome modelling, the acuteness of a syndrome in
regions around the world where it has been diagnosed, and therefore the
urgency of measures in these regions, can be forecast (requirements c and d).

When dealing with controversial perspectives and interests, relating practice-
oriented problem-solving to the common good as a fundamental ethical principle
in society and state (requirement d) functions as a regulative idea.” The trans-
disciplinary research process should clarify how to understand the concept of the
common good and its implications as a normative principle for dealing with
problems in the life-world. For example, promoting the common good can mean
striking a balance between everyone's individual interests, i.e. searching for a win-
win situation.'® Another understanding of the common good is that of a specific
good, e.g. human rights that are shared by and beneficial for the members of a
community. An explicit debate about the concept of the common good and its
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implications for dealing with problems in the life-world should help prevent an
actor in science or the life-world from taking over the research process.!®

D> The starting point for TR is a socially relevant problem field. Within this field,
TR identifies, structures, analyses and deals with specific problems 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) develop knowledge and practices that promote what is perceived

to be the common good.
Participatory research and collaboration between disciplines are the means
of meeting requirements a)-d) in the research process. The fact that trans-
disciplinary researchers have referred to a certain competition between both
means is evidence of how important it is to coordinate the use of both means2°
(see Tool 1, p.30). The explicit description, structuring and attribution of
various roles will prevent unexpressed differences between those involved from
blocking the transdisciplinary research process.?!

Tool 1: Identifying the actors involved with regard to TR requirements

Actors involved

v 101y
g 1010y
1012V

v aulidiosig

g aulldiosig
* auldidsig

Requirements of TR

a) Complexity of problems

b) Diversity of perceptions

c) Abstract and case-specific knowledge

)
d) Knowledge and practices that promote what is
perceived to be the common good

Tool 1 serves the purpose of coordinating participatory research and collaboration between
disciplines, and ensuring their relation to the problems so that they can best fulfil the four
requirements of TR. Taking requirement d) as an example, the table can be read in the
following manner: "What actors and/or what disciplines need to be involved in the project
in order to ensure that knowledge and practices will be produced that promote what is
perceived to be the common good?”

As the Tool is a matrix, it becomes clear that the requirements can be met through various
constellations of actors and disciplines involved (see also Examples 1 and 2, pp. 28-29).



3.2 Identifying and structuring research questions

The requirements of TR make it especially challenging to identify and structure
research questions. Applied research and basic research reduce the complexity of
a problem field with the help of disciplinary criteria that allow them to identify
concrete problems and structure them into research questions that can be
processed scientifically. TR has to meet special challenges in this area. This is
explained below in a comparison between the research modes of basic research,
applied research and TR. To point out the relevant differences, all three forms of
research are conceived of as “ideal types".22

Differences between the three forms of research are due to the ways in which
academic disciplines and actors in the life-world interact when identifying and
structuring research questions in problem fields. The following figure presents the
elements that are needed to compare basic, applied and transdisciplinary research:

Scientific Problem Actors in the
disciplines fields life-world
Economics Poverty Private sector
Ethics Disease Civil society
Molecular biology Land degradation Public agencies
Ecology Hunger
etc. etc.

Research questions: ...

Figure 1: Chart for comparing basic, applied and transdisciplinary research

The sciences are structured by disciplines and research areas,23 as exemplified in
the figure's left column. Examples of various possible problem fields are listed in
the middle column. In the right column, three societal “policy cultures” are
distinguished as different "actors in the life-world": public agencies (which include
international public institutions), civil society, and the private sector. In the
knowledge society, scientific disciplines, the private sector, civil society and public
agencies are four interacting "policy cultures”.24
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Identifying and structuring problems in a problem field to determine research
questions means to distinguish relevant aspects from irrelevant ones. Diversity
and complexity are reduced by referring to existing knowledge. This reduction is
done from a different perspective in basic research, applied research and TR,
as each form of research deals in a different way with the different types of ques-
tions in relation to specific problem fields. In the figure below, the arrows
symbolise these perspectives.

Scientific Problem fields Actors in the
disciplines life-world
Economics —> Poverty
\ Private sector
Ethics Disease
Molecular biology Land Civil society
\iegradatlon
Ecology Hunger Public agencies
etc. etc.

Research questions relate to models and methods that have
a universal claim and explain processes (idealisation).

Figure 2: Identifying and structuring research questions in basic research

Basic research aims at enhancing the state of the art in a discipline, e.g. economy,
molecular biology etc. Problem fields such as disease harbour difficulties related
to empirical data collection and theoretical interpretation of specific processes.
Research questions are structured with the help of the conceptual and methodo-
logical tools of a discipline: In the case of the "disease” problem field, for example,
one can address molecular biology processes, economic processes etc. The
research methods and conceptual frameworks of a certain discipline - e.g.
molecular biology - are supposed to be valid for molecular processes in all
problem fields, i.e. independent of historical time and geographic space. In order
to achieve this, idealisation, i.e. the abstraction from a multitude of possible
influencing factors, is necessary. Research is expected to improve the general
models of a discipline by which processes are described, analysed and explained.



When studying a specific process in different problem fields and under various
conditions, research may be confronted with processes behaving in unexpected
ways and thus challenging the present explanations and the state of knowledge
of a discipline. Innovation in basic research can be triggered by interdisciplinary
collaboration between disciplines,2> leading to new special fields. This is how
biochemistry emerged: It is the result of a combination and transfer of concepts
and methods from other disciplines - in this case chemistry for research on
biological processes - with the aim of finding new methods and models for
investigating specific processes. Because such unexpected processes can always
occur, each discipline is subject to change over time.

In basic research, reduction of the complexity of phenomenological diversity
is based on a disciplinary paradigm, i.e. on its specialised language, underlying
theoretical assumptions, values, forms of communication and institutional struc-
tures, as well as on the state of research that can thus be achieved. The progress
of knowledge in basic research can open new ways of dealing with problems in
the life-world, but it is applied research and TR that develop the means required
by actors for improving practices in the life-world.

Scientific Problem fields Actors in the
disciplines life-world
Economics Poverty
) ) / Private sector
Ethics » Disease
Molecular Land Civil society
biology degradation \
Eco|ogy / Hunger Public agencies
etc. etc.

Research questions relate to the variability of processes in a problem field
and the different measures required for specific actors.

Figure 3: Identifying and structuring research questions in applied research

In applied research, research questions relate to the variability of processes in
problem fields. Disciplines have to specialise on a certain problem field in order
to describe and explain the variability of processes, as is the case for instance with
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agricultural ecology or educational psychology. The diversity of factors influencing
processes in a problem field and their complex interaction often call for special-
ised interdisciplinary collaboration in a specific field. Conservation biology, food
sciences and specialised disciplines in the field of material sciences are examples
of such applied research disciplines.

Applied research often directly relates to dealing with problems in the life-
world and may be designed to improve the practices of specific actors. To this pur-
pose, applied research is often funded by clients from the private sector or public
agencies. Research activities in this case may be conducted by a tandem of scien-
tists and practitioners.

Reduction of complexity is made possible through disciplinary and interdisci-
plinary models adapted to specific problem fields. It is also the result of focusing
on the goals and interests of specific actors in the life-world, be it in public agen-
cies, the private sector or civil society.

Scientific Problem fields Actors in the
disciplines life-world
Economics " 7 Poverty
. N N , Private sector
Ethics S \\\ Disease e
Se AN e
\\s AN e .. .
Molecular < S~( s Land Kol _. Civil society
biolo RRETOURR N degradation S LT
gy \“~:S g i”’¢
Ecology ----------- > Hunger <€ —m e Public
_____ > agencies
etc. ==~~~ etc.

Research questions relate to the complexity of a problem field,
of its interpretations, and of the measures aiming to improve practices
for what is perceived to be the common good.

Figure 4: Identifying and structuring research questions in transdisciplinary research

In transdisciplinary research, problem fields such as hunger and poverty are
studied as complex controversial issues. Knowledge about such issues is uncertain
and the stakes people and institutions have in finding solutions are high. Because
of empirical diversity and complexity, there is debate about which parameters are
relevant, how they are connected in concrete processes, and what disciplines



therefore need to be involved. This is indicated in Figure 4 by the dotted arrows
between academic disciplines and a problem field, and by a question mark
symbolising uncertainty. Uncertainties exist regarding the description and
explanation of the genesis and possible further development of such problem
fields. Disputes inevitably exist in the life-world regarding whether and how
certain actors' practices need to be changed, because the groups directly or
indirectly involved have a variety of interests, most of which are often incompa-
tible.26 Further dotted arrows and a question mark in Figure 4 illustrate this.
Following the four requirements of TR, the research questions need to refer to:
developing knowledge and practices that promote what is perceived to be the
common good (requirement d) while taking into account the complexity of the
problem (requirement a) and the diversity of life-world and scientific perceptions
of the problem (requirement b), and connecting abstract and case-specific
knowledge (requirement c).

TR is different from basic research and applied research in that it does not ini-
tially seek to reduce the diversity and complexity of problem fields from the per-
spective of a certain discipline or of a certain actor in the life-world. However, to
be able to formulate research questions that can be dealt with, TR needs instru-
ments to reduce the complexity symbolised in Figure 4 by multiple arrows, by ade-
quately distinguishing between what is important and what is not.2’ The design
of the research process presented in Chapter 4 is such an instrument. Another one
is the positioning of research needs with regard to systems, target and transfor-
mation knowledge (see Tool 2 p. 40). To avoid possible misunderstandings, sever-
al points need to be clarified before presenting these instruments in greater detail:
__Basic research, applied research and TR are three different forms of research

(ideal types) that complement and enhance one another. They do not compete

for the overall title of "best research form". It is therefore important to specify
which form of research will constitute the scientific approach to the problem
field and under what conditions. This must be decided according to the kinds
of problems and research questions about which there is a need for research.

__Basic research is not directly in touch with actors in the life-world. This does not
mean, however, that such research is fundamentally independent of values
and practices in the life-world. Basic research is an important prerequisite for
applied and transdisciplinary research and thus indirectly connected with what
is perceived to be important in the life-world. But if values and practices in the
life-world are uncontested they are often not debated, which, however, does
not mean that basic research and life-world orientations do not influence one
another.
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__Applied research often directly refers to life-world actors' practice-oriented
issues. However, this does not necessarily imply that it serves only individual
interests.

__TR develops knowledge and practices that promote what is perceived to be the
common good. This does not imply, however, that TR is the only form of research
that addresses common good issues. Applied research mandated by government
authorities is expected to focus on the common good. In ethics and economics,
basic research questions deal with theories of the common good. But what is
specific to TR is the combination of the four requirements: developing knowledge
and practices that promote what is perceived to be the common good while
taking into account the complexity of a problem and the diversity of perspec-
tives on the problem, and by linking abstract and case-specific knowledge.

3.3 Systems, target and transformation knowledge

TR addresses three kinds of research questions: (a) questions about the genesis
and possible development of a problem field, and about interpretations of the
problems in the life-world; (b) questions related to determining and explaining
practice-oriented goals; and (c) questions that concern the development of
pragmatic means (technologies, institutions, laws, norms etc.) as well as the
possibility of transforming existing conditions. In their vision of research for
sustainability, Swiss researchers defined three different types of knowledge which
are also often used to characterise TR: systems, target and transformation
knowledge.28

Table 1: The three forms of knowledge

Form of knowledge Research questions

Systems knowledge Questions about the genesis and possible further
development of a problem, and about interpretations
of the problem in the life-world

Target knowledge Questions related to determining and explaining the
need for change, desired goals and better practices

Transformation knowledge Questions about technical, social, legal, cultural and
other possible means of acting that aim to transform
existing practices and introduce desired ones




The difference between TR on the one hand and basic and applied research on
the other is a gradual one: TR does not start with specific disciplinary paradigms
and action perspectives. Instead, in order to meet its research objectives in
the best possible way, TR takes into consideration a large array of potential
disciplinary paradigms and life-world perspectives, and it explicitly narrows down
its focus to a few of them in the phase of identifying and structuring problems.

TR takes into account that knowledge about problem fields is uncertain and

social groups' stakes are high. Moreover, TR takes into account the fact that

the definition and analysis of problems constitutes disputed ground. Therefore,
the production of the three forms of knowledge faces particular challenges:

__Systems knowledge confronts the difficulty of how to deal with 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 knowl-
edge and transformation knowledge. We subsume all these aspects under the
term "uncertainties”. If systems knowledge is uncertain, this can be used as an
argument to block attempts to transform a problem situation.29 Therefore, TR
faces the challenge of finding a transparent way of dealing with uncertainties
in order to avoid blocking the research process.

—_In the case of target knowledge, 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. TR
faces the challenge of clarifying a variety of positions and prioritising them in
the research process according to their significance for developing knowledge
and practices that promote what is perceived to be the 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 (see Tool 2, p. 40).

__In the case of transformation knowledge, established technologies, requlations,
practices and power relations must be taken into account.30 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 technological givens are not
considered, this leads to the often criticised discrepancy between knowledge
and practice.3! For TR, the challenge here is to learn how to make what is
established more “flexible".
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Transformation knowledge

Technical, social, legal, cultural and other
options for change, depending on views of
systems relations and goals

Challenge: Learning how to make existing
technologies, regulations, practices and
power relations more flexible

Target knowledge Systems knowledge
Pluralism of norms and values, depending Uncertain knowledge about the genesis and
on views of systems relations and options possible development of a problem and
for change ~€——| about problem interpretations, depending on

perceptions of goals and options for change
Challenge: Clarification and priority setting

of various values in relation to the common Challenge: Reflecting on and dealing with
good as a regulatory principle uncertainties through real-world experiments

Figure 5: Interdependencies between the three forms of knowledge

TR aims to develop knowledge and practices that promote what is perceived to be
the common good. Therefore, TR must consider systems and transformation
knowledge. The resulting interdependencies between the three forms of knowledge
are the main viewpoint from which the need for knowledge must be identified
and structured. Research questions relating to systems, target and transformation
knowledge are not isolated in TR; instead, they can only be answered by referring
to the other two forms of knowledge (see Figure 5). Thus, an empirical analysis of
systems relations will refer to a particular means of transforming a specific social
practice and to a specific idea of a better practice. (In the process, a new kind of
systems knowledge may be necessary, as illustrated in Example 4, p.48.) When
research questions refer to target knowledge, they are examined based on specific
assumptions about systems relations and with a view to particular options for
transforming existing practices. For example, when a comparative life-cycle
assessment of two products is made, it is based on specific models of natural
and economic processes; moreover the assumed transformation is that a positive
assessment will allow the product to be distributed more widely. Finally, studies of
possible change options are based on specific assumptions about systems relations,
goals and better practices, and address the question of what can be done to
establish these as standard practices under the given circumstances.32



D> TR is sometimes referred to by
trans-disciplinary researchers in
the German-speaking world as
an "eierlegende Wollmilchsau”,
l.e. as beset by the quandary
of being "all things to all
people”33 This is an expression
of the experience that projects
are often confronted with
unrealistic requirements
and expectations.
For researchers, such
excessive demands
can easily lead to
overburdening.
Provided one does not
believe that TR will become
“all things to all people”, it can
be useful to reduce complexity Karl Herweg *
by positioning research questions
with regard to systems, target and transformation knowledge, while taking
into account both the interactions between these forms of knowledge and
the particular challenges that characterise each of them (see Tool 2, p.40).
Research questions may focus on systems, target or transformation knowl-
edge, each with its particular challenges. Positioning the need for knowledge
with regard to the three forms of knowledge ensures that their interdepen-
dencies are taken into account, even if only one of these forms of knowledge
is aimed at.
Reduction of complexity by specifying the relations between forms of knowledge
is an instrument that is often implicitly used, but has until now seldom been
explicitly connected with this purpose.

* Reproduced with permission of the cartoonist Karl Herweg (NCCR North-South)

39



40

Tool 2: Positioning the need for knowledge with regard
to the three forms of knowledge

Research questions Particular challenge Questions
to help with
positioning

« | Questions about the genesis and | Reflecting on and dealing @)
£ 3 | possible development of a with uncertainties with
g’\ § problem and about life-world the help of real-world ®
=2 | interpretations of a problem experiments
¢ | Questions related to determining | Clarifying and prioritising @
*g S | and explaining the need for diverse perceptions of targets
S 2 | change, desired goals and better | and values, taking into ®
< | practices account the common good
as a regulatory principle
S , | Questions about technical, social, | Learning how to make O]
S D | cultural, legal and other possible | existing technologies,
€ 9 . . -
S S | Mmeans of actmg to transform regulatlons., practices anq )
a §< existing practices and introduce | power relations more flexible
2 desired ones

@ To what understanding of the genesis and possible development of a problem and
life-world interpretations of it does the research question refer?

@ To what kind of need for change, desired goals and better practices does the research
question refer?

® To what technical, social, cultural, legal and other possible means of acting does the
research question refer?

Tool 2 helps to position TR vis-a-vis the three forms of knowledge. Using the example of
systems knowledge, it can be read as follows: "TR about systems knowledge deals with
questions about the genesis and possible development of a problem and about life-world
interpretations of the problem. The particular challenge is to reflect on and deal with
uncertainties with the help of real-world experiments. TR that produces systems knowledge
must answer questions 2 and 3 when tackling problem identification and structuring,
because of the interdependencies between the three forms of knowledge relevant to TR.”




4

The Transdisciplinary
Research Process
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The requirements of TR (see Chapter 3.1) imply not only that different disciplines
and actors should be included in the research process, but also that the research
process ought to be shaped accordingly. A division of the research process into
three phases is commonly found in the literature on managing and evaluating
both TR and applied research.34 We refer to these three phases in the following
way:

__Problem identification and structuring

__Problem analysis

__Bringing results to fruition

It is not necessary to go through the three phases in this order. In some cases,
identification and structuring of problems may lead to spending the remaining
time on dealing with this specific task. But it might also reveal the need for a
concrete analysis that may have to be conducted either in a transdisciplinary way
or by using applied research, depending on the complexity of the problem.35
Problem identification and structuring may also reveal that there is primarily a
need for bringing existing knowledge to fruition, in particular when the state of
the art in research makes it possible to examine and deal with the problem in a
far more differentiated manner than the state of knowledge about the problem
in the life-world.

Problem identification and structuring

Take into account the state of knowledge
that exists in the relevant disciplines and
among actors in society to define the problem,
identify important aspects, and determine
the research questions and who should
be involved

Problem analysis Bringing results to fruition

Determine what forms of thematic o )
f - - Embed the project in the social
collaboration and organisation are L .
R . and scientific contexts;
adequate to take into account different .
. X test the expected impact
interests and circumstances

Figure 6: The three phases of research



Depending on the form of collaboration (see Chapter 4.3.2), those involved in TR
take part in the process with varying intensity in the course of time, in particular
because some have the role of carrying out the research and are paid for this.
Alternation of times of intense participatory research, exchange among research-
ers from different disciplines, and moments of individual work are illustrated in
Figure 7. The adjectives "inter-" and "transdisciplinary” characterise the phases
in which mutual adaptation between disciplines and with actors in the life-world
is achieved.

Figure 7:

Phases of a transdisciplinary
research process (Hurni and
Wiesmann 2004, p. 40)

4.1 Recursiveness

Recursiveness is a general principle of TR. It points to the iterative procedures
that characterise both the entire 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, and that underlying assumptions can be
modified if they are found to be inadequate.

Within the individual phases, a recursive design is a meaningful pragmatic
way of working with intermediary results and further developing them with the
help of critical assessment. Recursiveness between the phases implies that initial
problem identification and structuring can be corrected based on the outcome of
problem analysis or bringing results to fruition. A recursive design of the research
process thus also serves the purpose of adequately reducing the complexity of
problem identification and structuring.
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4.2 Problem identification and structuring

4.2.1 ldentifying actors and specifying the need for knowledge

In TR, the question of how problems in a problem field should be identified and
structured is in fact the keystone of research. This implies making fundamental
decisions about whether and to what extent aspects relevant to concrete practices
and circumstances will be included. These aspects determine whether and how
the project results will have the desired impact. To this purpose, TR must build on
existing disciplinary and life-world perspectives of the problem, and then structure
the problem in a manner that enables exploration of the complexity relevant to
practice-oriented solutions for what is perceived to be the common good.

Figure 8: Problem identification and structuring portrayed as a recursive process
(Extract from Hickling 1982, p. 284)"

Figure 8 illustrates the recursive process of problem identification and structuring.
The process must be recursive because relevant disciplines and actors in the life-
world can only be identified on the basis of a preliminary perception of the problem.
Participation of life-world actors and scientific disciplines, however, may modify the
perception of the problem to such an extent that further actors and disciplines need

“ Reproduced with permission from John Wiley & Sons Limited



to be consulted, leading to yet another perception of the problem. According to
Figure 8, the challenge of this process is to develop an interpretation of the prob-
lem that helps to grasp it and differentiate between dimensions relevant to the
actual research question. The (German-language) literature on managing TR
emphasises how important it is in this phase to include life-world actors.36

In Chapter 3.1, participatory research with life-world actors and collaboration
beyond disciplinary borders was described as a means of adequately fulfilling the
four requirements of TR. Tool 1 was introduced as a means to help identify the
actors involved with regard to TR requirements (p. 30). As a first step in problem
identification and structuring, project leaders can use this tool to present their
perception of what disciplines and actors are relevant. With a view to fulfilling the
requirements of TR, project leaders will then have to assess and correct this per-
ception based on the knowledge and concerns of those involved, in a recursive
process of problem identification and structuring. Depending on the result of this
re-assessment, the process will either end here or have to be repeated.

A second tool to support this process helps position the need for knowledge
with regard to the three forms of knowledge (see Tool 2, p. 40). The differentiation
between the three forms of knowledge and their specific challenges provides a
structure for purposefully acquiring state-of-the-art knowledge and identifying
research needs. The questions listed in Tool 2 to help position the need for knowl-
edge ensure that the interdependencies between the three forms of knowledge
are taken into account when differentiating between them. These questions
reveal the assumptions that have to be made before research questions can be
formulated regarding one of the three types of knowledge. This helps researchers
remain aware of the fact that if a particular understanding of a problem in a prob-
lem field is modified, this will also change the perception of what can and what
cannot be considered an adequate solution to the problem.37

4.2.2 Contextualisation: embedding TR in science
and the life-world context

It is important to take into account the phase of bringing results to fruition
(discussed in Chapter 4.4 in greater detail) already when dealing with problem
identification and structuring. TR aims to link abstract knowledge to results that
are relevant to specific cases, in order to contribute to practice-oriented problem-
solving. This requires firm embedding of TR both in science and in the life-world.
TR can achieve this by establishing relations both to the life-world and to the
scientific context during the phase of problem identification and structuring,
through the involvement of relevant actors and disciplines.
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Contextualisation within the sciences requires, on the one hand, linking research
to the state of knowledge in the relevant disciplines (see Example 3), and on the
other, learning from transdisciplinary research already conducted on similar prob-
lems. Such research can have taken place in various problem fields. As long as no
categorisation of existing TR according to types of problems is available in the
literature, the search for relevant TR projects is likely to take time. It is therefore
useful to consider that TR has various "modes of operation” which appear under
other names in the literature (see Annex 2). Moreover, it is necessary to check
carefully whether the manner in which problem identification and structuring,
problem analysis, and bringing results to fruition is conducted in other projects
can really be carried over to the present project, and what lessons can be learned
from the experience of other projects. To ensure that TR results have an impact
on research, it is important to systematise research experiences - thinking about
how they could be transferred to other situations and problem fields - and
publish these results in scientific journals (see Tool 5, p.67).

m— “Collaborative Planning"”38

The example shows how researchers carried out a theory-based
process in which they planned the redevelopment of a future suburb
in collaboration with its inhabitants.

A suburb in Quebec was growing old: both the buildings and its inhabitants.
For several years, the suburb had been the object of research by a group of
sociologists, architects, urban planners, environmental psychologists and
other researchers. When the town council decided to integrate the suburb
into the town limits, the research group suggested carrying out a partici-
patory planning process for its development. The researchers established
a problem identification in collaboration with the inhabitants, as well as a
plan and strategy for the redevelopment of the suburb.

The research group based its practice on Habermas' theory of communi-
cative action, according to which the key to collaborative planning is
intense exchange of ideas and arguments among those involved. During
such an exchange, empirical, instrumental, ethical and aesthetic knowledge
flow into the process, eventually resulting in “making sense together”. The
elaboration of a development plan and strategy for this suburb in Quebec
was thus the result of a process that lasted several years and involved a
multitude of interactions.




In order to contextualise or embed TR within the life-world, it is necessary to
inquire into the status of life-world practices in the problem field, analogous to
inquiring into the state of research in a scientific discipline. The life-world actors
who are involved in recursive problem identification and structuring offer a variety
of perspectives as well as conflicts of interest and claims to power. Embedding TR
in the life-world is therefore also a means of relating the target and transformati-
on knowledge that needs to be developed in the course of the project to existing
needs and interests, technologies, regulations, practices and power relations (see
Chapter 3.3 and Tool 4, p.40).

In the literature, the "policy sciences” (see Annex2) suggest how to "map
the context”39, i.e. how to structure the life-world context and, in particular, its
dynamics. "Mapping the context” implies not only checking on the status of
life-world practices in the problem field, but also finding out what current social
trends influence the problem, how one can deal with them, what the causes of
these trends are, and what their significance is for the evolution of the problem
situation in future.

4.2.3 Reformulation of the questions in relation
to life-world actors

TR aims to help solve socially relevant problems in @ manner that will serve the
common good. It tries to build a bridge between science and the life-world.
During the phase of problem identification and structuring, this means that
problems previously identified from a scientific perspective need to be related
to the actors involved and to specific circumstances, possibly leading to
reformulation of the problem or adding of elements. This can be achieved by
rephrasing the research question from the perspective of the life-world actors (see
Example 4, p. 48). Another possibility is to examine transformation knowledge to
find out what it is that makes actors change their behaviour or keeps them from
changing it.
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€L Y. 3— The "Menu"4

This example shows how a problem can be reformulated in relation
to life-world actors, and how this leads to a new systems perspective.

The process of reformulation begins when a life-world problem (“probléme
identifié sur le terrain") is rephrased, eventually leading through trans-
disciplinary research42 to new questions for applied research. Hubert and
Bonnemaire illustrate this process with the help of three examples from
agronomy. In the following example of how to graze pastureland invaded
by shrubs, reformulation is a five-step process.

1. First, the life-world problem that TR will deal with is formulated (in this
case by the researchers). In our example, the question is: "How can live-
stock producers be motivated to graze pastureland threatened by shrub
invasion in such a way that both agro-economic goals (livestock fattening)
and ecological ones (pastureland management) can be achieved?”

2.In the next step, the problem is related to specific practices and
reformulated. The aim is to find instruments that will enable the livestock
holders to influence how their animals feed on the pastures so that graz-
ing serves both to fatten the animals and maintain the pastureland.

3. Thus, TR will focus on how to encourage livestock to eat the shrubs and
how to stimulate fattening by making animals feed on different plants
in a specific sequence.

4. The product of TR - the new instrument - is a "menu”. This "menu” sees
the grazing area as a spatial set of "courses” which have to be eaten in
such a sequence that both the ecological goal of grazing shrubs and the
agro-economic goal of fattening are achieved. The "main course” or target
zone consists of the plants that livestock do not like eating but which
have to be decimated by grazing. Apart from the main course there
are "starters”, "trimmings” and a "dessert” at the end. The starters and
trimmings have an appetising effect.43

5. The new instrument and the grazing strategy thus generated lead to new
disciplinary topics and research questions. Apart from analysing the
organic composition of plants, research will now also explore the con-
stellation in which plants occur in pastureland, the influence on the
fattening process of the sequence in which animals feed, and the
appetising functions (dessert, starter) of plants for animals.




Example 4 illustrates once again how interdependent systems, target and trans-
formation knowledge are (see Chapter 3.3). The definition of the problem comes
from the field of transformation knowledge. The main question is: "What will
encourage livestock holders to graze pastureland threatened by shrub invasion in
such a way that both agro-economic goals (livestock fattening) and ecological
ones (pastureland management) can be achieved?” Seeking to prevent shrub
invasion by combining an agro-economic production goal with an agro-ecological
one implies a preliminary assumption concerning target knowledge. The aim is
to bring both goals into a win-win relationship and avoid a conflict of objectives.
The "menu” is based on a new way of perceiving pastureland as a spatial
sequence of "courses” that needs to be optimised to fulfil both goals. New kinds
of questions thus emerge for livestock production science. In order to improve the
instrument, there is a need for new systems knowledge, which is only worth know-
ing in view of the desired transformation.

The example is so illustrative because it is so simple. A conflict of objectives
is prevented, the immediate addressees of knowledge are the animals and the
livestock producers, and the animals are directed by the producers. The "menu”
Is a suggestion that may or may not be used by the livestock producers. On
the other hand, the example also demonstrates in an exemplary manner how a
bridge is built between science and practical relevance - a bridge that encourages
connecting things rather than remaining stuck at either end of the bridge: There
are new questions for livestock scientists and a new instrument for livestock
producers. Both are based on a way of perceiving things that was not known
before, either among the scientists or among the livestock holders, as it only
emerged as a result of the reformulation of the problem in relation to actors in
the life-world. This building of bridges is one of the spaces where TR needs to be
creative and original, in order to be able to connect academic knowledge and
practical relevance without getting lost in one or the other. Such creativity and
originality also characterises Example 5, in which analytical and applied re-
searchers developed a new perception of agglomerations.
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m—The "Netzstadt" project4

This example demonstrates how a "bridge concept” makes collaboration
between the analytical sciences and applied sciences possible.

The main concern of the "Netzstadt” ("net city") project was the develop-
ment of a region in the Swiss central lowlands that is a typical agglomer-
ation. The concept of the "net city" offered the researchers a new way
of perceiving this agglomeration: as a city organised like a net, with no
centre but with many knots or nodes connected to one another.

The researchers who worked together in the “Netzstadt” project came
from material flow analysis and settlement planning. In both disciplines, it
is common to perceive regions from a bird's eye perspective and divide them
for analysis and development into areas according to activities (leisure,
work, living etc.). The expert knowledge from both disciplines is combined
so that a material flow analysis is made of the drafts developed by settle-
ment planning, and suggestions are made to improve material flow, which
planning then takes up.

The bridge concept of the "net city” introduced a way of perceiving
things that was new for both disciplines and harboured potential for deve-
lopment. The settlement planners used it as a regulatory idea for their
draft. Their challenge was to transform the agglomeration into a net city.
For the material flow analysts, the challenge was to improve material flow
in a region by giving it a net structure.

D> Problem identification and structuring is the heart of TR. Complexity can be
reduced by identifying those involved in relation to the requirements of TR
(see Tool 1, p. 30) and by specifying the need for knowledge in the three forms
of knowledge (see Tool 2, p. 40). The decisions made on this basis may need to
be modified in a recursive procedure.

To create a bridge between science and practice, the problem identified can
be reformulated in relation to actors in the life-world. This is one of the areas
where TR can develop creativity and originality, for example 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 embed-
ding 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 similar



problems (see Tool 5, p.67); and second by embedding it in the life-world,
which is achieved by considering existing needs, interests, technologies,
regulations, practices and power relations that TR will have to take into account
(see Tool 4, p. 40).

Although problem identification and structuring is the keystone of TR,
there is very little literature on this phase and it is unusual to plan the neces-
sary means for it. This is an important starting point for promoting TR; in-
creased support for this phase will have a great leverage effect.

4.3 Problem analysis

4.3.1 The structure of problem analysis

Figure 9 is a schematic representation of the possible course that problem

analysis can take. The step of problem identification and structuring is not

explicitly shown here. Within the logic of the present publication, it would flow

from the "recognition of the real-world problem” to the "identification and

analysis of main questions”, before leading into the finding of a "solution of the

sub-problems”.

According to Figure 9, problem analysis consists of three steps:

__The research question is divided into sub-questions or “sub-problems”,

__The sub-questions are dealt with and answered while keeping them
interrelated.

__The sub-answers ("results”) are integrated.

What are the implications of analysing sub-questions while keeping them inter-

related? What does it mean to integrate the sub-answers? This can be explained

by looking at the various forms of collaboration and modes of integration (see

Tool 3, p.59). Recursiveness, here, will require working through the three steps

several times.
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Figure 9: Transdisciplinary problem analysis (Jaeger and Scheringer 1998, p. 19; translated)

4.3.2 Forms of collaboration

In an older, empirical study of the organisation of group work in technology
assessment, a distinction is made between four forms of collaboration; this dis-
tinction has been taken up in the German-language literature on TR.46 The four
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Figure 10: Forms of collaboration (Rossini and Porter 1979, p. 74)*

forms, which are conceived as ideal types, are referred to as "common group
learning”, "negotiation among experts”, “integration by leader” and "modelling”
(see Figure 10).

The dots in Figure 10 stand for “individuals who possess particular expertise”.
In TR, this refers to the experts both from science and the life-world.4?

In common group learning, all those involved in a TR project go through a
common recursive learning and research process. In the first round, the sub-

questions are distributed to those members of the group who are felt to be the

* Reproduced with permission from Elsevier
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most appropriate ones on the basis of their interests and expert knowledge.
After their individual analyses, the results are discussed by the whole group and
related a first time to the overall question. Subsequently, the responsibility for the
sub-questions changes, and further analysis is no longer in the hands of those
who have the greatest level of expertise on, or the greatest interest in, the mat-
ter. The process of analysis is repeated until the group decides that an adequate
answer to the overall question has been found. The recurring group discussions
and the work on the different sub-questions enable the group to learn together.
In this manner, individual responsibility for sub-answers decreases, to the bene-
fit of the responsibility of the group as a whole.48

Negotiation among experts begins in the same way as common group learn-
ing: The sub-questions are distributed among those participating in the research
process according to their expertise. Each sub-problem is then analysed indiv-
idually by the relevant expert. The experts engage in bilateral exchange, while
working on the sub-results wherever this is useful for dealing with their own
sub-questions. Mutual adaptation of answers and sub-questions is thus achieved.
In contrast to common group learning, however, the responsibility for the sub-
answers remains with the corresponding experts. A final stage of negotiation
leads to a synthesis. The responsibility for the sub-questions and sub-answers, as
well as for ensuring that these are adequately represented in the synthesis, lies
with each individual expert.4°

In the process of integration by a leader, there is no immediate exchange
among the participants. Exchange is mediated by a leader, who is also responsible
for integrating all the sub-results at the end.

The process of collaboration referred to as modelling often focuses on a
(usually quantitative) model. This model is introduced and managed by some par-
ticipants. The other participants deliver knowledge and assessments that are fed
into the model. The relative importance of the model for the process can vary a
great deal. It can be a pragmatic tool with which a common understanding of
systemic relationships can be developed and represented. In this case, the struc-
ture of the model is also the result of a group process. In other cases, the model
is developed and modified only by a few participants, and the role of the other
participants is to determine certain input variables. In the present publication,
modelling is not considered to be a fourth form of collaboration but a mode
of integration that can be used in various ways in each of the three forms of
collaboration (see Tool 3, p.59).



[3ET ] [XA— "Collaborative Design">0

This example shows how a model can be used to lead to a
common understanding of a problem, and to develop and
discuss possible solutions.

The Collaborative Design concept presupposes that the knowledge needed
for understanding a problem in a world characterised by specialisation is
distributed in various places. A so-called symmetry of ignorance requires
that knowledge be externalised, as well as collected, connected and further
developed on the basis of one common object.

The "Envisionment and Discovery Collaboratory” was developed to
this purpose at the University of Colorado (USA). The common object
used in this case is a horizontal surface that works like a touch-screen. On
this working space, spatial conditions can be represented, e.g. the public
transport system provided in a neighbourhood. The idea is that inhabitants
of the neighbourhood who participate in the project can represent their
environment, enter important road stretches, and say how frequently trans-
port services should be offered. The touch-screen is linked to a quantitative
model that can, for example, predict how full the buses will be on the
basis of general information about local traffic. Participants can shift the
location of stops, introduce new bus lines, and change the frequency of
services. Thanks to the quantitative model, they find out about the impact
of suggested changes on the spare capacity of buses and on the costs
involved.

A great deal of new approaches to modelling have emerged and been further
developed in the past few decades. Amongst them are methods and procedures
as diverse as the syndrome approach (see Example 2), collaborative design
(see Example 6) and approaches developed for integrated assessment.5! Models
may also constitute just one part of a more elaborate project design, as is the
case with formative scenario analysis in the embedded case study method (see
Example 7).
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m— ETH-NSSI Case Studies5?

This example shows that models can be parts of a more
elaborate project design.

Since 1993, the Chair of Natural and Social Science Interface (NSSI) at the
Swiss Federal Institute of Technology (ETH Zurich) has been conducting annual
transdisciplinary case studies on sustainable development.53 Within the con-
text of the case studies, transdisciplinary research is defined as a scientific
activity that produces, integrates and analyses knowledge. Moreover, it:54
__deals with relevant and complex social problems,
__complements disciplinary and interdisciplinary research by integrating
actors from outside the academic institution, and
__organises a process of mutual learning between science and society.>5
The ETH-NSSI case studies can be understood as examples of a trans-
disciplinary laboratory that enables a dialogue between the academic
institution and society.>¢ Scholz and Marks use the concept of the laboratory
to refer to a workshop in which a set of methods and techniques are
available to use and further develop transdisciplinarity.>’ The entire project
is a methods-based analysis: integration of knowledge and complex problem-
solving are organised with the help of a set of methods that are acknowl-
edged and have proven to be successful (Formative Scenario Analysis, System
Dynamics, Multi-Attribute Utility Theory, Integrated Risk Management,
Mediation: Area Development Negotiations, Future Workshops, Experiential
Case Encounter, Synthesis Moderation, Material Flux Analysis, Life Cycle
Assessment, Bio-Ecological Potential Analysis).>® In recent years, trans-
disciplinary case studies were conducted according to the ETH-NSSI model at
other European universities. The International Transdisciplinarity Net on Case
Study Teaching (ITdNet)39 is an international network that enables researchers
and teachers at these institutions to have an exchange of experience.

The forms of collaboration are characterised by different hierarchies between
those involved and therefore between the areas of knowledge that participants
can offer. In common group learning, participants are on equal terms. All of them
bring their own expert knowledge, deal with information from other areas of
knowledge, and search for an understanding and related procedure that satisfy
the group. This can be described as searching for something new in common. In



negotiations between experts, every expert is responsible for a specific part of the
whole. The sub-questions are attributed to sub-sections of the whole. Work on the
sub-questions is mutually adapted through bilateral exchange. This procedure can
be referred to as a give and take. In integration by a leader, the leader names the
experts and gives them mandates, determines what is expected from them, and
carries out the integration. This form of collaboration can be called give or take.6°
In the case of modelling, all three above-mentioned variants are possible; the
characterisation of the hierarchy will depend on whether the model is used for
the purpose of participatory research (see Example 6, p.55) or whether a specific
modelling approach exists for which knowledge is needed (see Example 2, p.29).
Accordingly, modelling is a mode of integration that can be used in the different
forms of collaboration. This is explained in the following section.

4.3.3 Modes of integration
Different aspects of a problem field are relevant to each discipline and each actor
(see Chapter 3.2). Normally, aspects considered to be relevant by those involved
are perceived in a very differentiated manner, while those considered irrelevant
are very undifferentiated.®’ To ensure that best use is made of the potential
harboured by differentiated perceptions, the most important principle for collabo-
ration in TR is certainly that of open encounters. What is essential here is that
participants ask themselves about the significance of other perspectives in rela-
tion to their own perspective. This requires relativising one's own perspective and
accepting that other viewpoints may also be relevant and should be related to
one's own.®2 It is only on this basis that participants can constructively determine
the significance of the different perspectives for their common undertaking.63
The various perspectives on problems and ways of structuring them may be
complementary, which will make collaboration easier. But they may also overlap
and compete, making concerted clarification necessary.64 Many different theories
exist that try to explain how different perspectives emerge within science and the
life-world and how they can co-exist. Amongst these are the concepts of scientific
paradigms (see Chapter 3.2), academic tribes and cultures, thought styles,
social worlds, and social sub-systems.65> These approaches differ a great deal
from one another when it comes to details; they also draw completely different
conclusions regarding the possibility of communicating between perspectives, the
most extreme view being that no such communication is possible.66 Despite
these fundamental divergences, the approaches all agree on the pluralism of
perspectives and reject a uniform, all-encompassing perspective - the "view from
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nowhere"67. This, however, does not conflict with the idea that perspectives

endeavour to expand the area for which they provide explanations. This is under-

lined by the concept of academic tribes and cultures, which are said to possess
cognitive authority over a specific cognitive territory, as proven by their com-
petence regarding issues in this area. The term "boundary work” is used to
designate insistence on this authority or attempts to expand its influence, be it
among various disciplines or between science and life-world actors.68

A first means of - or rather a pre-condition for - integration is to grasp the mul-
tiplicity of perspectives conceptually. To this purpose, it is useful to use one of the
above-mentioned pluralist concepts or any similar one. Explicit representation of
diversity offers the possibility of productive work with multiple perspectives,
instead of letting the latter be unexpressed and unrecognised differences that
lead to tensions. TR tends to deal with this pluralism in a rather pragmatic way,%°
as the motivating and centripetal force of collaboration is mainly founded on the
claim that it will develop knowledge and practices that promote what is perceived
to be the common good.”0

To support the need for reciprocal relations between perspectives in the phase
of problem analysis, it is necessary to go through some form of integration.

Several ways of doing this exist; we refer to them as modes of integration (see

Tool 3, p.59). Methodologically speaking, the different modes of integration can

follow many different paths:

__Integration can be achieved through a boundary object, i.e. an object to which
all those involved refer based on their specific interest (in shaping things), and
which does not require explicit communication between the perspectives.”!

__Aglossary leads to integration through clarification of the different concepts and
definition of what common concepts should be used, at least for the project.

__Integration can take place through everyday language, which "belongs to
everyone” (yet is not understood in the same way by everyone). Everyday
language is used for example in the "Popular Theatre" approach (see Example 1,
p.28). Some research programmes also recommend the use of everyday
language as a means of integration.”2

__Models, in the sense of formal structuring, constitute another mode of inte-
gration, as illustrated by the "Syndrome" approach (Example 2, p. 29) and the
"Collaborative Design" approach (Example 6, p.55).

__A further mode of integration is mutual adaptation of concepts. This happens
when researchers from different disciplines share their specific methods and key
concepts in relation to common research questions, and then adapt and further
develop them.”3



__Integration can also take place through metaphorical transfer of concepts
from one discipline to another. This enables the emergence of new ways of
looking at and differentiating between things, and new possibilities for
action. The original meaning of the concepts is often modified in the process.
Metaphorical transfer is illustrated by the attribution of "momentum” to large
technical systems,’* or by the use of the concept of "syndromes” to describe
environmental problems (see Example 2, p. 29).

__Another possibility of achieving integration is through bridge concepts. This
is a deliberate search for concepts that establish a link between different
perspectives by introducing a concept that is useful for collaboration and
new to all those involved. The “"Netzstadt” (Example 5, p. 50) and the "Menu”
(Example 4, p.48) are examples of such bridge concepts.”s

Tool 3: Forms of collaboration and modes of integration

Form of collaboration

Common group Negotiation Integration by
learning among experts a leader
(search for (give and take) (give or take)

Modes of integration | something new)

Boundary object

Glossary

Everyday language
Models

Mutual adaptation
of concepts

Transfer of concepts

Bridge concepts

Tool 3 offers an overview of the forms of collaboration and modes of integration that can
be used to deal with problem analysis in TR. It lays no claim to completeness. Every cell
represents one possibility. For example, collaboration can take place in the form of
negotiation among experts who use everyday language. Or a project leader can perform the
integration of perspectives based on a model. The form of collaboration and the modes of
integration determine how intensely participants will interact.

D> To analyse a problem, 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 integration. Various forms
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of collaboration and modes of integration can be used to this purpose (see
Tool3). As a principle of utmost importance, those involved must encounter
one another openly before choosing the form of collaboration and modes of
integration. Moreover, the principle of recursiveness requires that decisions
already taken can be reconsidered.

D> The form of collaboration and the mode of integration determine the

structure and intensity of exchange between those involved. Intense exchange
requires a deeper knowledge of one another’s positions and a flexible attitude
with regard to one’s own position.
There is no debate about contents in the case of integration through a "bound-
ary object”. The intensity of debate is low when integration takes place through
a project leader or through negotiation among experts. In both cases, there is
a clear distribution of tasks and those involved are mainly expected to make
statements from their own specialist perspective, without having to reach a
deeper understanding of the other perspectives. Exchange becomes intense in
common group learning, and even more intense when a new bridge concept is
Jointly developed. To be able to discover bridge concepts, those involved must
first have found out what their perspective allows them to perceive in a very
differentiated manner, and what it does not allow them to perceive at all. It is
only on this basis that participants will be able to recognise a common
potential and search for a concept that will enable this potential to be realised.
To reach such intense familiarity with a concept, many years of teamwork may
be necessary within a favourable institutional context.”

4.4 Bringing results to fruition

Various terms are used to refer to the third phase of the research process, e.g.
"implementation”, "use”, "dissemination of results”, “valorisation”, or "bringing
results to fruition” ("In-Wert-Setzung" in German, "mise-en-valeur" in French).”? We
name this phase "bringing results to fruition”. This phase should already be
thought of at the stage of identifying and structuring problems, i.e. when TR is
embedded in the life-world context or when the problem is reformulated from the

perspective of the life-world actors (see Chapter 4.2.2 and 4.2.3).
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Figure 11: Problem orientation vs. solution orientation
(Loibl 2005, p. 141, translation by A. Zimmermann)

What is particularly important for the phase of bringing results to fruition is that
TR builds a bridge between abstract research and concrete problem analysis. The
schematic comparison between "problem orientation” and "solution orientation”
in Figure 11 offers an overview of the heterogeneous demands that need to be
related creatively and productively in the third phase of TR.78
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4.4.1 Recursiveness in the phase of bringing results to fruition

During the phase of bringing results to fruition, application of the principle of
recursiveness requires thinking of the phase not as the final stage of TR but as a
part that enables learning processes. The key reason for such recursive shaping
is the requirement of TR that the complexity of problems and the diversity of
perspectives be adequately taken into account. During the phase of bringing
results to fruition, this complexity is articulated in unexpected side-effects, in
particular when such side-effects run up against the actual objectives of the
project.”® A recursive design of this phase makes every instance of bringing
results to fruition an experiment that needs to be observed in order to learn
something for the next instance of bringing results to fruition. In the English-
speaking scientific community, the terms used to describe this and similar
processes are: "single- and double-loop-learning”, "“muddling through”, "adaptive
management”, "sophisticated trial-and-error”. The French-speaking debate
features the term "recherche-intervention”, and German TR has coined the
terms "experimentelle Implementation” (experimental implementation) and "Real-
experiment” (real-world experiments).80

Figure 12:

Recursive application of the phase
of bringing results to fruition:

the real-world experiment

(Gross et al. 2005, p. 275)"

Figure 12 illustrates the recursive application of bringing results to fruition in the
form of a "real-world experiment”. 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 bring-
ing results to fruition are then planned and conducted etc.

* Reproduced with permission from Sage



4.4.2 Explicit and detailed development of impact models
For quite some time, authors in science studies have been discussing the mutual
shaping of technology, research and society.8! This mutual influence is significant
because TR aims for contextualisation and impact-orientation. The relevance of
TR will depend decisively on how subtly it succeeds in interacting with the life-
world.82 One means of discussing and planning such interaction is the use of an
impact model to make the assumed interrelations between TR and the life-world
explicit. In this context, evaluation research for socio-political research program-
mes has introduced the concept of the "implicit programme model”.83 What this
refers to is the unexpressed but nevertheless influential understanding of how a
research programme interacts with life-world processes, and how research can con-
tribute to shaping social change. Several very different implicit programme
models can exist within a project. By making them explicit in the form of impact
models, their inherent potential to become a source of conflict is transformed into
an element of TR that can be shaped.

The impact model can be used as a basis for recursively bringing results to
fruition. This requires distinguishing between the results of TR, the use of results
and the effects of TR (see Figure 13).84

Policy analytic activity i

Process :D
............................ > Use
Content

Input

Process controlling input

Content controlling input

[ =Action > = Product

Figure 13: The diversity of impacts (Thissen and Twaalfhoven 2001, p. 629) * *

Differentiation between results and their use underlines the fact that actors in the
life-world interpret the same results in different ways and use them for different
purposes. A distinction must also be made between this use of results and the
effects that the results and their use (or the project itself) may have. Thus, a

** Reproduced with permission from Elsevier
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project may have an impact through its mere existence, e.g. by making a theme
relevant because research is being conducted on it, or by preventing action in a
thematic area until initial results are available.

Basically, impacts are numerous and occur at various levels; they can be
intended or unintended, e.g. TR may influence a decision-making process or may
generate new knowledge of problems and possible solutions. But a project can
also lead to changes in the perception of the problem itself, or to new respon-
sibilities.85 Conceptual frameworks for assessing the impacts of research on
different areas of the life-world can deliver methodologies for adequate
description of this multiplicity of impacts.86 Further development of TR in this field
will depend on expanding systematic observation and recording the multiplicity
of impacts. For the recursive phase of bringing results to fruition, this implies that
TR should be creative in searching for surprises and must by no means limit
itself to impacts that are expected according to the impact model.

4.4.3 Cognizance of the context of life-world problems

To determine how TR should interact with actors in the life-world, it is important
to gain detailed knowledge of the state of life-world problem identification and
analysis. As already mentioned in Chapter 4.2, life-world actors involved in
problem identification and structuring bring in a multiplicity of perspectives,
conflicting objectives, and their claims to power. An impact model for a TR
project must therefore take existing needs, interests, technologies, regulations,
practices and power relations as a starting point, and include consideration of
procedures and timeframes to which they are bound. To date, no fully developed
conceptual framework and corresponding procedures seem to exist for system-
atically describing and improving the role of a project in life-world problem
analysis.87

4.4.4 Tailoring results for the target groups

Theories of thought styles, social worlds and social sub-systems (see Chapter
4.3.3) in particular insist on the fact that every viewpoint is informed by its own
logic and has its own procedures and timeframes. Politicians follow the rhythm
of legislation processes, topical issues and the next election. Businesspeople
base their decisions on quarterly statements and keep an eye on future markets.
Bringing results to fruition in TR therefore depends on tailoring results for target
groups. This is particularly necessary if problems have not been structured in a
practice-oriented manner and the relevant life-world actors have hardly been
involved in the research process.



When the impact model determines specific social groups as targets (e.g. politics,
administration, the education system, the private sector, the media or public
opinion), tailoring results requires adapting them to the perceptions of target
groups as well as to the procedures and schedules to which they are bound.88 As
Luhmann and Langrock show in the case of politics, the following challenges have
to be met:89
_Scientific discourses need to be bundled and assessed from the point of view
of politics.
__They have to be creatively translated into products useful to politicians.
__The scheduling of product dissemination must fit the current political agenda.
These challenges can be transferred to contexts with other targets, simply by
replacing the word "politics” with the terms "private sector”, "administration”, “the
media"“, or "public opinion”. Success will depend on a sound search for knowledge
about, and conceptions developed by, these target groups and the way in which
they deal with the academic world.%0

Tool 4: Embedding TR in the life-world

Questions about the Area of impact

impact model Private sector | Civil society |[Public agencies

What impact is intended?

What existing needs, interests,
technologies, regulations,
practices and power relations
need to be taken into account?

What causal relationships are
initially assumed?

In what form and at what point
in time can results be introduced in
a way tailored for the target group?

What are likely unintended
impacts, and what "probes”
may reveal them?

Tool 4 summarises the questions that need to be answered in order to embed TR in the life-
world. For example, if TR is to have an impact on public agencies, there is a need to clarify
not only the intended impact and the assumed impact mechanism, but also what existing
needs, interests etc. need to be taken into account, and in what form and at what point
in time the results should be presented in a way tailored for the target group, and what
"experimental tests” may reveal potential unintended impacts.
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4.4.5 Embedding TR in the scientific environment

TR should also help science gain new insights by providing an understanding of
complex relations, discovery of new research questions and developing new
methods. To this end, when TR projects formulate research questions during the
phase of problem identification and structuring, it is important that they refer to
the state of the art in research within the relevant disciplines (see Chapters 3.2
and 4.2.2) as well as to the state of the art in the development of problem-
related integration (see Tool 3, p.67). The significance of scientific progress in
problem structuring and knowledge integration that transcends disciplinary
boundaries was underlined by Rosenblum as early as the 1990s in his analysis
of research proposals for interdisciplinary projects.9! This constitutes the specific
conceptual and methodological challenge for TR.

To support the impact of TR on developing scientific insights, it is important
to determine the corresponding contents, target groups and forms, and to plan
their realisation in the various phases of the research process. Thus, after formu-
lating the research questions in the phase of problem identification and structur-
ing, it is useful to clarify what thematic and methodological issues have a poten-
tial for further development or innovation in the phase of problem analysis.
Results must then be brought into the relevant disciplinary or transdisciplinary
debates. This can be done, for example, in the form of contributions to journals
and other publications®2, through information channelled through networks, or
by means of presentation of results at conferences (see Tool 5). These activities
can be fruitful already at the stage of problem analysis, as embedding in the
scientific context can lead to recursive adaptation of questions and methods.

TR has virtually no stable institutional foundations, as problem-specific re-
search groups are characterised by disciplinary and institutional heterogeneity;
moreover, they are highly mobile due to the limited duration of projects. This is
why the embedding of TR in the scientific environment should also be linked to
science policy goals. Amongst these are the initiation of research programmes,
and the ensuring of academic capacity development and career opportunities. In
this context, it is important to inform the relevant science policy actors about the
need for and the successes of TR.



Tool 5: Embedding TR in the scientific environment

Project phase

Problem Problem Bringing results
identification analysis to fruition
Strategic elements and structuring

Goals
(scientific/science policy)

Contents

(state of the art in relevant
disciplines/state of the art in
transdisciplinary research/
future research areas/need
for institutional action)

Addressees
(disciplines/transdisciplinary
groups/science policy actors)

Forms
(publications/organisation of
conferences/initiation of research
programmes/development of
networks/writing of official
statements)

Tool 5 lists four strategic elements that are important for embedding TR in the scientific
environment. These strategic elements can be used at different phases of the research process.
Thus, the reference to the state of the art in research is especially useful for the identification
and structuring of the problem, as well as for the interpretation of research results during prob-
lem analysis. On the other hand, the planning of publications is most appropriately done in
the phase of problem analysis while the writing is a part of bringing results to fruition.

D> According to the principle of recursiveness, bringing results to fruition is a
phase of research that does not occur at the end of TR: 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, so that its
impact can be observed and lessons can be learned for the following phase of
bringing results to fruition. To this end, it is important to consider the following
aspects:
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__Already during the phase of problem identification and structuring, it is neces-
sary to develop an impact model that clearly reveals what ideas exist about the
impact to be achieved by TR.

__To achieve an impact-oriented embedding of TR in the life-world, it is necessary
to take into account existing needs, interests, technologies, regulations, practices
and power relations that are relevant to the impact model.

__If problems are not formulated in a way related to practices in the life-world, and
if problem analysis is conducted mainly from a scientific point of view, the
results must be specifically processed for the target group. This means that
scientific discourses need to be bundled and assessed specifically for the
target group. They require creative translation into products that are useful to
the target group and can be handed on to the group at a time that suits its
agenda.

__To promote the effectiveness of TR within the scientific community, it is impor-
tant to foresee activities at all stages of the research process. With regard to
scientific goals, it is necessary to clarify what thematic and methodological
results of TR should be integrated into the scientific debate, which research
groups are the relevant target groups and what forms of communication
are the most adequate (publications, conferences, network). The initiation of
projects or programmes on key problem fields and the ensuring of academic
capacity development and career opportunities should be among TR's science
policy goals.
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Annex A1 offers an overview of definitions of transdisciplinarity from the litera-
ture. The heterogeneity and lack of clarity among these definitions is often
deplored. While our inventory does not correct this impression, it at least imparts
a certain order to this diversity. The Principles for Designing Transdisciplinary
Research are based on four characteristics of transdisciplinarity that can also be
found in the definitions presented in this Annex. Not all elements in the defini-
tions cited here have the same importance: Our comments in italics indicate
which elements specifically influenced aspects evoked in the previous chapters of
the present publication.

Moreover, descriptions that touch upon forms of research similar to transdis-
ciplinarity are listed in Annex A2. Here too, italics indicate what was particularly
relevant to the orientation of the Principles.

A1 Definitions of transdisciplinarity

Despite their diversity, definitions of transdisciplinarity from the literature are cha-
racterised by recurring elements. One of them is that in nearly all definitions,
transdisciplinarity comes at the end of a list that starts with multi- or pluridiscipli-
narity and continues with cross- and interdisciplinarity. This sequence is based on
increasing involvement in confronting disciplinary boundaries: Cross- and inter-
disciplinarity are defined as going further than multi- and pluridisciplinarity,
while transdisciplinarity is said to go further than cross- and interdisciplinarity.
But the definitions and their authors do not agree on what characteristics or
concerns make transdisciplinarity go beyond the other "disciplinarities”. A basic
distinction can be made between four such characteristics or concerns:

__the transcending and integrating of disciplinary paradigms;

__participatory research;

__the focus on life-world problems;

__the search for unity of knowledge beyond disciplines.

The definitions presented here emphasise one or several combined individual
characteristics from this list. We have therefore grouped them according to
similarities in how they characterise transdisciplinarity. The resulting classification
into four groups is a first attempt at systematisation; it can be modified and
extended.



Transcending Participatory Relating to life- | Searching for unity
and integrating research world problems of knowledge

disciplinary

paradigms

In the first group, "trans” means the opening and crossing of the border between
the scientific community and other parts of society. The term "interdisciplinarity”
refers to a form of coordinated and integration-oriented collaboration between
researchers from different disciplines. Transdisciplinarity in the definitions below
thus adds an aspect to the understanding of interdisciplinarity: that of partici-
patory research with actors from other parts of society.

ProClim/CASS 1997

"Interdisciplinarity: The joint planning and execution of projects across various
disciplines. Key factors are the joint definition and elaboration of the concept, the
adoption of findings from other disciplines, and the joint presentation of findings
to the public.

Transdisciplinarity: The expansion of the interdisciplinary approach towards
participation, e.g. researchers working with affected parties and users (...). This
method is expected to lead to new approaches in environmental research as a pre-
requisite to a holistic assessment of the environment.” (ProClim 1997, footnote 14)

Defila and Di Giulio 1999
"Interdisciplinary research here denotes the integration-oriented cooperation of
scientists from at least two disciplines with the aim to reach common objectives,
thereby merging the sundry disciplinary viewpoints into a greater, more complete
view. The disciplines involved are those likely to make a useful contribution to the
treatment of a theme." (Defila and Di Giulio 1999, p. 6)

“Transdisciplinary research, in turn, here denotes interdisciplinary cooperation,
involving not only scientists but also practitioners from beyond the realm of
science (e.g., the users) in the research work." (Defila and Di Giulio 1999, p.13)

Lawrence 2004

"In this article, disciplinarity refers to the specialisation of academic disciplines
that became strong during the 19th century. Multidisciplinary refers to research
in which each specialist remains within her/his discipline and contributes using
disciplinary concepts and methods. Interdisciplinary contributions can be inter-
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preted as the bringing together of disciplines which retain their own concepts and
methods that are applied to a mutually agreed subject. In these studies one
contributor will usually co-ordinate the research process and seek integration.
Interdisciplinarity can be considered as the mixing together of disciplines, whereas
transdisciplinarity implies a fusion of disciplinary knowledge with the know-how
of lay-people that creates a new hybrid which is different from any specific
constituent part. This interpretation means that transdisciplinarity is not an
automated process that stems from the bringing together of people from different
disciplines or professions. In addition, it requires an ingredient that some have
called ‘transcendence’. This implies the giving up of sovereignty over knowledge,
the generation of new insight and knowledge by collaboration, and the capacity
to consider the know-how of professionals and lay-people. Collectively, trans-
disciplinary contributions enable the cross-fertilisation of ideas and knowledge
from different contributors that leads to an enlarged vision of a subject, as well
as new explanatory theories. Transdisciplinarity is a way of achieving innovative
goals, enriched understanding and a synergy of new methods." (Lawrence 2004,
pp. 488-489)

D> According to the Principles, it is important to integrate actors in research
concerned with all three forms of knowledge (transformation, target and
systems knowledge) and at all stages of the research process. Integration of
actors and the crossing and integrating of disciplinary boundaries is the
consequence of aiming to analyse a socially relevant problem in a specific
manner (see Tool 1, p. 30).



Transcending Participatory Relating Searching for unity

and integrating research to life-world of knowledge
disciplinary problems
paradigms

As in Group 1, the prefix "trans” in Group2 also refers to the opening up of sci-
ence to society and its crossing of the boundary with the non-scientific world.
Apart from insisting on the need to involve non-scientific actors in the research
process, these definitions also underline the fact that the problem to be dealt with
comes from the life-world, i.e. from outside science. By contrast, interdisciplinarity
is understood as collaboration between researchers from different disciplines, with
the aim of achieving scientific integration.

Hdberli and Grossenbacher-Mansuy 1998

"Experience garnered by the SPP Environment [Swiss Priority Program Environ-
ment] shows that ‘transdisciplinarity’ should fulfil at least the following four
conditions ... (1) The problems that are studied originate in the life-world. The
questions are formulated and structured jointly or in close contact with practi-
tioners and those concerned. (2) Teams are formed with experts from disciplines
that make it possible to answer the questions posed (alliances of disciplines), as
well as with practitioners and those concerned. (3) The actual research activities
are carried out as a collaborative effort between the researchers, and in close con-
tact with practitioners. (4) Results are disseminated among a broad public.”
(Haberli and Grossenbacher-Mansuy 1998, p. 200; translation by A. Zimmer-
mann)

Kotter and Balsiger 1999

"Any form of unspecified collaboration will be called multidisciplinary and the
term interdisciplinary will only be used for those forms of supradisciplinary col-
laboration where various disciplines, keeping their own autonomy (i.e. without
becoming a serving discipline), solve a given problem which cannot be solved by
one discipline alone, in a joint way. As soon, as a given problem raises from outside
the scientific context and it has to be solved in the form of a joint collaboration
between scientists and practitioners, the terminological suggestion is to use the
term transdisciplinarity. But there is a special danger which has to be taken in
consideration. Transdisciplinary projects should not be loaded down with tasks
which do not belong to the scientific context. In no way can the implementation
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of suggested solutions into practice be carried out by science as a substitute for
practice. If this occurs there is a definite danger of science drifting into ideology.”
(Kétter and Balsiger 1999, p. 102, italics in the original)

Klein et al. 2001

"The core idea of transdisciplinarity 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, p. 4)

Jahn 2005

"What is unquestioned is that societal (life-world, social) problems rather than
purely scientific issues are the starting point for the transdisciplinary research pro-
cess. This leads to a more complex research process compared to disciplinary
research. Indeed, on the one hand it is necessary to go beyond disciplinary boun-
daries and establish relations between the methods and theoretical frameworks
in the natural, social and technical sciences. On the other, everyday and scienti-
fic knowledge need to be related in such a way that practice-oriented knowledge
can adequately be taken into account. As a consequence, the aim of research
changes: Apart from tackling purely scientific issues, it also deals with problems
defined by society." (Jahn 2005, p. 34; translation by A. Zimmermann)

Burger and Kamber 2003

"We characterise 'transdisciplinary science’ as (1) cognitive and social coopera-
tion across disciplinary boundaries, (2) an intention towards the direct applica-
tion of scientific knowledge in both political decision-making and societal prob-
lem-solving, and (3) the participation of non-scientific stakeholders within
research processes.” (Burger and Kamber 2003, p. 44, italics in the original)

Bruce et al. 2004

“In the course of a series of projects studying interdisciplinary research processes,
we have found that the following basic set of definitions covers the most impor-
tant categories and makes useful distinctions:

Transdisciplinary research focuses on the organisation of knowledge around
complex heterogeneous domains, rather than the disciplines and subjects into
which knowledge seems inevitably to become organised in academic settings,
‘transcending’ the academic disciplinary structure. In the context of problem
solving, soft systems analysis has many parallels with transdisciplinary research
and attempts to devise approaches which are tailored specifically to the problem



context and do not rely on any pre-determined disciplinary bias. References to
academic disciplines rarely feature in the literature from soft systems analysis
and these trans-disciplinary approaches specifically set themselves apart from
discipline-based academic structures. Such approaches may also seek to break
down the distinction within research programmes between researchers and stake-
holders from industry or civil society.

Multidisciplinary research approaches an issue from the perspectives of a
range of disciplines, but each discipline works in a self-contained manner with
little cross-fertilisation among disciplines, or synergy in the outcomes.

Interdisciplinary research similarly approaches an issue from a range of disci-
plinary perspectives but in this case the contributions of the various disciplines
are integrated to provide a holistic or systemic outcome.” (Bruce et al. 2004, p.
459, italics in the original)

D> In the Principles, a life-world problem is a problem relevant to society; it has
to be identified within a problem field and structured accordingly. However,
according to the Principles, this starting point, the participatory nature of the
research process and the fact that researchers collaborate in an integrative
manner do not suffice to make research transdisciplinary. Research is truly
transdisciplinary only if it develops knowledge and practices that promote
what is perceived to be the common good, if it takes into account the com-
plexity of a problem and the diversity of perceptions of the problem, and if it
links abstract and concrete, case-specific knowledge (see Chapter 3.1).
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Transcending Participatory Relating to life- | Searching for unity
and integrating research world problems of knowledge

disciplinary

paradigms

In Group 3, the starting point for transdisciplinary research is the increasing spe-
cialisation of scientific knowledge, which detaches itself increasingly from social
problems and concerns, "or, as cynics have stated it: ‘The world has problems, but
universities have departments'™ (Brewer 1999, p. 328). Authors such as Brewer
demand that science should deal more often with life-world problems, apart
from conducting research in disciplinary paradigms. For this purpose, knowledge
needs to be re-organised and weighted in a different manner: from a disciplinary
pattern to a pattern which is as appropriate as possible for perceiving and ana-
lysing life-world problems. The transition from inter- to transdisciplinarity implies
a change in the aim of organising and assessing knowledge: Even if interdisci-
plinary collaboration focuses on life-world problems, the organisation and assess-
ment of knowledge is primarily determined by scientific concerns. In transdisci-
plinary research, this role is played by the life-world problem and its solution-
oriented analysis. Disciplinary organisation and values can be transgressed or
abrogated if analysis of the problem requires such a move.

Mittelstrass 1992

"A different orientation within research is necessary when specialised knowledge
and expertise alone are unsuccessful, when interdisciplinarity cannot capture
problems because it remains biased within the scientific system and is unable to
transform it, and when reductionism of whatever kind leads only to illusory solu-
tions. This different orientation is called transdisciplinarity. Transdisciplinarity
refers to knowledge or research that frees itself of its specialised or disciplinary
boundaries, that defines and solves its problems independently of disciplines,
relating these problems to extra-scientific developments. The intention is not to
dissolve the order of specialised and disciplinary knowledge - since transdisci-
plinarity presupposes disciplinary competence - but to ensure that problems are
not perceived one-dimensionally, namely only from a specialised or disciplinary
perspective. The reason why it is necessary to extend the scientific perception was
mentioned above: Nowadays, problems seldom do us the favour of letting them-
selves be defined according to the order of our scientific habits. Scientific



knowledge must re-connect with life-world problems and life-world purposes, with
the objective of developing solutions.” (Mittelstrass 1992, p. 250; translation by
A. Zimmermann)

Mittelstrass 1996

“Term used in philosophy of science to characterise forms of research that focus
on problems and go beyond the specialised and disciplinary constitution of sci-
ence. This constitution is determined mainly historically and has led to an asym-
metry in the way problems (e.g. in the fields of environment, health and energy)
and disciplinary or specialised research have developed. This asymmetry is con-
stantly increasing due to the fact that disciplinary and specialised research is
determined by increasing differentiation. There is a danger that the boundaries
between special fields and disciplines will severely limit scientific insight. Com-
pared with the older term interdisciplinarity - which also expresses an attempt to
counter this trend by re-organising research (and education), but continues to
adhere to traditional disciplinary boundaries - the concept of transdisciplinarity
suggests a different agenda with regard to the philosophy of science and to
research practices: within the historical context of the constitution of disciplines
and special fields, and with a view to expanding the capacity of scientific per-
ception, to abrogate narrow disciplinary and expert conceptions wherever such
conceptions have lost touch with their historical memory and forfeited their
power to solve problems because they have reached too great a degree of spe-
cialisation. In this sense, transdisciplinary research does not leave disciplinary,
specialised things as they are (and have become as a result of a historical pro-
cess). Indeed, in specific contexts of problem-solving it even gives a very concrete
substance to the original idea of the unity of science - in the sense of a unity of
scientific rationality - though not at the theoretical level but at the concrete
operational level of research practices. Before being a theoretical principle,
transdisciplinarity is thus first and foremost a research principle, even if theories
emerge from transdisciplinary research programmes.” (Mittelstrass 1996, p.329,
italics in the original; translation by A. Zimmermann)

Jaeger and Scheringer 1998

"Thus, the starting point in the transdisciplinary research process is a non-
scientific problem.” Furthermore: "We suggest that scientific analysis of prob-
lems which have a non-scientific origin requires transdisciplinary work: What we
mean is that it requires a process of problem formulation and problem-solving
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that detaches itself - even more radically than interdisciplinary work - from
cognitive interests and methodologies motivated by the quest for disciplinary
knowledge." (Jaeger and Scheringer 1998, p.14; translation by A.Zimmer-
mann)

Jantsch 1972

The definition offered by Erich Jantsch - to whom (besides Piaget) the concept
of transdisciplinarity is usually attributed - goes in a similar, though more gene-
ral direction. Instead of referring to a specific life-world problem, Jantsch refers
to a general social purpose; and instead of mentioning a specific research project,
he mentions science, education and innovation as the controllable parts of the
larger social system which leads to self-renewal of society.

Multi-, pluri-, cross-, inter- and transdisciplinarity refer to various levels of co-
ordination within science, education and innovation. Interdisciplinarity stands for
coordinated collaboration between disciplines, none of which has a perspective
that dominates the others. In the case of transdisciplinarity, science, education
and innovation constitute a whole oriented towards a specific societal purpose,
which results in a new orientation and assessment of knowledge.

"A system approach - as it is proposed in this paper - would consider science,
education and innovation, above all, as general instances of purposeful human
activity, whose dynamic interactions have come to exert a dominant influence
of the development of society and its environment. Knowledge would be viewed
here as a way of doing, ‘a certain way of management of affairs' (Churchmann).”
(Jantsch 1972, p. 99, italics in the original)

"If education is accepted as being essentially education for the self-renewal of
society, it becomes an important, or even the most important agent of innovation.
Going even further, we may speak of an integral education/innovation system
in which both education and innovation become aspects of one and the same
structure of thought and action. Such an education/innovation system consti-
tutes a most suggestive example for the systems notion according to a recent defi-
nition: A system is a relationship among objects described (or specified, defined)
in terms of information processing and decision-making concepts (Mesarovic).

Scientific, or more generally, educational disciplines become organised in such
a system in a particular way which depends on the normative orientation of edu-
cation and innovation. The boundaries of disciplines, their interfaces and interrela-
tionships no longer correspond to an a priori system of science. In order to empha-
sise this viewpoint of human action model - as distinct from a mechanistic model



- we may simply speak of an education/innovation system, instead of a science/
education/innovation system.” (Jantsch 1972, p. 103, italics in the original)

“In a purposive system, or human action model, however, interdisciplinarity
constitutes an organisational principle for a two-level coordination of terms,
concepts and disciplinary configurations which is characteristic of a two-level
multi-goal system. The important notion here is that with the introduction of inter-
disciplinary links between organisational levels, the scientific disciplines defined
at these levels change their concepts, structures, and aims. They become co-
ordinated through common axiomatics - a common viewpoint or purpose. [...] The
ultimate degree of co-ordination in the education/innovation system, finally,
which may be called transdisciplinarity, would not only depend on a common
axiomatics - derived from a co-ordination towards an ‘overall system purpose’ -
but also on the mutual enhancement of epistemologies in certain areas, what
Ozbekhan calls ‘synepistemic’ co-operation. With transdisciplinarity, the whole
education/innovation system would be co-ordinated as a multi-level, multi-goal
system, embracing a multitude of co-ordinated interdisciplinary two-level systems,
which, of course, will be modified in the transdisciplinary framework. Transdisci-
plinary concepts and principles for the whole system change significantly with
changes in the ‘overall system purpose’ [...]. For example, adopting a notion of
‘progress’ (as inherent in Christian thought) at this top level would imply a totally
different education/innovation system from one for which ‘ecological balance,
or a notion of cyclical development (as inherent in Hinduism and Buddhism), were
adopted.” (Jantsch 1972, pp. 105-106)

"Multidisciplinarity: A variety of disciplines, offered simultaneously, but with-
out making explicit possible relationships between them.

Pluridisciplinarity: The juxtaposition of various disciplines, usually at the same
hierarchical level, grouped in such a way as to enhance the relationship between
them.

Crossdisciplinarity: The axiomatics of one discipline is imposed upon other dis-
ciplines at the same hierarchical level, thereby creating a rigid polarisation across
disciplines toward a specific disciplinary axiomatics.

Interdisciplinarity: A common axiomatics for a group of related disciplines is
defined at the next higher hierarchical level or sub-level, thereby introducing a
sense of purpose; teleological interdisciplinarity acts between the empirical and
the pragmatic levels, normative interdisciplinarity between the pragmatic and the
normative levels, purposive interdisciplinarity between the normative and the
purposive levels.
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Transdisciplinarity: The co-ordination of all disciplines and interdisciplines in
the education/innovation system on the basis of a generalised axiomatics (intro-
duced from the purposive level down) and an emerging epistemological
(‘synepistemic’) pattern.” (Jantsch 1972, p. 106, italics in the original)

The two definitions below explicitly establish a connection with Jantsch's
definition:

Gibbons et al. 1994

“There have been many attempts to discern pluri- from inter- and transdisciplinarity.
Following the definition given by Erich Jantsch (1972), pluri-/multidisciplinarity
is characterised by the autonomy of the various disciplines and does not lead to
changes in existing disciplinary and theoretical structures. Cooperation consists
in working on the common theme but under different disciplinary perspectives.

Interdisciplinarity is characterised by the explicit formulation of a uniform, dis-
cipline-transcending terminology or a common methodology. The form scientific
cooperation takes consists in working on different themes, but within a common
framework that is shared by the disciplines involved. Transdisciplinarity arises only
if research is based upon a common theoretical understanding and must be
accompanied by a mutual interpenetration of disciplinary epistemologies. Co-
operation in this case leads to a clustering of disciplinary rooted problem-solving
and creates a transdisciplinary homogenised theory or model pool.” (Gibbons et
al. 1994, pp. 28-29)

"Transdisciplinarity: Knowledge which emerges from a particular context of
application with its own distinct theoretical structures, research methods and
modes of practice but which may not be locatable on the prevailing disciplinary
map.” (Gibbons et al. 1994, pp. 167-168, italics in the original)

Horlick-Jones and Sime 2004

"The idea of investigating, and seeking to understand, the world in ways that cut
across the domains of orthodox disciplinary-based inquiry has a long and, it
seems, somewhat obscure history. However, for the purposes of this paper, it is
convenient to trace this perspective back to the 1970s, especially to the work
of scholars like Jantsch and Piaget. Both were concerned with the future:
Jantsch with technological forecasting and ‘futurology;' Piaget's analysis arising
from a UNESCO study into identifying ‘the paths on which ... the sciences of
tomorrow may embark.' This preoccupation with finding ways of managing futu-
re contingency (or risk) has played an important role in motivating, shaping, and
thinking about cross-disciplinarity. Indeed, the recent International Transdisci-



plinary Conference, held in Switzerland in 2000, was centrally concerned with
addressing anticipated problem areas in a complex, globalised and plural world,
including environmental sustainability, health, energy, and transport.” (Horlick-
Jones and Sime 2004, p. 442, italics in the original)

“Let us consider first the question of nomenclature. So far we have used the
terms ‘cross-disciplinarity’ and ‘transdisciplinarity.” Multidisciplinarity is also
sometimes used in the literature. All these terms tend to be used in a generic and
rather ambiguous manner. We suggest that, in essence, two meanings are
possible. In the first, which may be termed ‘'multidisciplinarity,’ the implication is
a division of labour in which different disciplinary frames survey separate
aspects of the same whole. There is co-operation between disciplines, but the
methodological processes of disciplinary-based investigation remain distinct. In
the second, which may be termed ‘transdisciplinarity,” elements of methodologies
drawn from different disciplines are combined within a single approach. That is,
inputs and outputs are exchanged across disciplinary boundaries, in an evolved
methodology, which transcends ‘pure’ disciplines. In epistemological terms, trans-
disciplinary involves an integration of knowledges.” (Horlick-Jones and Sime
2004, p. 444)

> Reference to a life-world problem in research questions is one of the key char-
acteristics of the Principles, especially with regard to how transdisciplinary
research differentiates itself from other forms of research (see Figure 4, p. 34).
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Transcending Participatory Relating to life- Searching for

and integrating research world problems unity of
disciplinary knowledge
paradigms

In Group 4, the transcending of disciplinary paradigms is also motivated by the
reference to life-world problems, but it leads to the search for a general standpoint
or perspective beyond all disciplines. In interdisciplinary research, disciplinary
concepts and methods are exchanged or combined. In the following definitions
of transdisciplinary research, there is a search for fundamental structures of
knowledge that go beyond problems and disciplines, and a corresponding search
for broadly acceptable methods.

Kockelmans 1979
"Interdisciplinary Work: Scientific work done by one or more scientists who try to
solve a set of problems whose solution can be achieved only by integrating parts
of existing disciplines into a new discipline, e.g., psycholinguistics, biophysics. This
work does not imply that the original disciplines themselves become totally inte-
grated, although this is not excluded either. The term predominantly refers to
research and only secondarily to education.” (Kockelmans 1979, pp. 127-128)

"Crossdisciplinary Work: Scientific work done by one or more scientists who try
to solve a problem or a set of problems that no discipline in isolation can
adequately deal with, by employing insights and methods or techniques of some
related disciplines, without, however, any attempts being made to integrate the
disciplines themselves or even parts thereof into a new discipline. It is obviously
mandatory to integrate the scientific knowledge that immediately pertains to the
problems at hand; however, it is not assumed that the integration achieved in this
way and the experience so gained can be used as a paradigm for the solution of
other analogous problems, without major modification. The scientists involved in
such a project must have some common ground; the work proceeds from such a
common ground but does not aim at developing this ground; e.g. economists,
social scientists, physicians, and architects trying to find a better solution for a
housing problem in a large city. This term is used predominantly to refer to large
research projects.” (Kockelmans 1979, p. 128)

"Transdisciplinary Work: Scientific work done by a group of scientists, each
trained in one or more different disciplines, with the intention of systematically
pursuing the problem of how the negative side effects of specialisation can be



overcome so as to make education (and research) more socially relevant. In
transdisciplinary work the discussion between the members of a carefully
selected group may also focus on concrete problems with which society
confronts the members of a society or an academic community. The difference
between crossdisciplinarity and transdisciplinarity consists in the fact that
crossdisciplinary work 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 overarching framework from
which the selected problems and other similar problems should be approached.
For some authors transdisciplinary investigations should focus primarily on the
unification of all sciences concerned with man; in their opinion the aim of
transdisciplinary work consists in the development of an all-encompassing
theoretical framework that is to be taken as the basis for all empirical research
in the behavioral and social sciences. For other authors transdisciplinary efforts
are concerned primarily with the unity of our world view; in their view transdis-
ciplinary work presupposes that those who participate in it first try to establish
a common ground that implies a conception of our culture, the function of
science and education in it, and the basic elements of the entire process of
acculturation.” (Kockelmans 1979, p. 128-129)

Nicolescu 1996

"Pluridisciplinarity concerns studying a research topic not in only one discipline
but in several at the same time. For example, a painting by Giotto can be studied
not only within art history but within history of religions, European history, and
geometry. Or else Marxist philosophy can be studied with a view toward blending
philosophy with physics, economics, psychoanalysis or literature. The topic in ques-
tion will ultimately be enriched by blending the perspectives of several disciplines.
Moreover, our understanding of the topic in terms of its own discipline is
deepened by a fertile multidisciplinary approach. Multidisciplinarity brings a
plus to the discipline in question (the history of art or philosophy in our ex-
amples), but we must remember that this ‘plus’ is always in the exclusive service
of the home discipline. In other words, the multidisciplinary approach overflows
disciplinary boundaries while its goal remains limited to the framework of disci-
plinary research.

Interdisciplinarity has a different goal from multidisciplinarity. It concerns
the transfer of methods from one discipline to another. One can distinguish three
degrees of interdisciplinarity: a) a degree of application. For example, when the
methods of nuclear physics are transferred to medicine it leads to the appearance
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of new treatments for cancer; b) an epistemological degree. For example, trans-
ferring methods of formal logic to the area of general law generates some inte-
resting analyses of the epistemology of law; c) a degree of the generation of new
disciplines. For example, when methods from mathematics were transferred to
physics mathematical physics was generated, and when they were transferred to
meteorological phenomena or stock market processes they generated chaos
theory; transferring methods from particle physics to astrophysics produced quan-
tum cosmology; and from the transfer of computer methods to art computer art
was derived. Like pluridisciplinarity, interdisciplinarity overflows the disciplines but
its goal still remains within the framework of disciplinary research. It is through
the third degree that interdisciplinarity contributes to the disciplinary big bang.

As the prefix ‘trans’ indicates, transdisciplinarity concerns that which is at once
between the disciplines, across the different disciplines, and beyond all disci-
plines. Its goal is the understanding of the present world, of which one of the
imperatives is the unity of knowledge.

Is there something between and across the disciplines and beyond all disci-
plines? From the point of view of classical thought there is nothing, strictly
nothing: the space in question is empty, completely empty, like the vacuum of clas-
sical physics. Even if it renounces the pyramidal vision of knowledge, classical
thought considers each fragment of the pyramid which is generated by the dis-
ciplinary big bang as an entire pyramid; each discipline claims that it is sufficient
unto itself. For classical thought, transdisciplinarity appears absurd because it
does not appear to have an object. In contrast, within the framework of trans-
disciplinarity, classical thought does not appear absurd; rather, it simply appears
to have a restricted sphere of applicability.

In the presence of several levels of Reality the space between disciplines and
beyond disciplines is full just as the quantum vacuum is full of all potentialities:
from the quantum particle to the galaxies, from the quark to the heavy elements
which condition the appearance of life in the universe. The discontinuous
structure of the levels of Reality determines the discontinuous structure of
transdisciplinary space, which in turn explains why transdisciplinary research
is radically distinct from disciplinary research, even while being entirely
complementary. Disciplinary research concerns, at most, one and the same level
of Reality; moreover, in most cases, it only concerns fragments of one level of
Reality. On the contrary, transdisciplinarity concerns the dynamics engendered by
the action of several levels of Reality at once. The discovery of these dynamics
necessarily passes through disciplinary knowledge. While not a new discipline or



a new superdiscipline, transdisciplinarity is nourished by disciplinary research; in
turn, disciplinary research is clarified by transdisciplinary knowledge in a new,
fertile way. In this sense, disciplinary and transdisciplinary research are not
antagonistic but complementary.

The three pillars of transdisciplinarity — levels of Reality, the logic of the
included middle, and complexity — determine the methodology of transdisci-
plinary research.” (Nicolescu 1996)

Perrig-Chiello and Darbellay 2002

"Pluridisciplinarity (or multidisciplinarity) is the juxtaposition of different disci-
plines within a single institution. The field of science is divided into autonomous
and (hyper)specialised disciplines. Schematically, this can be shown as a simple
alignment of disciplines A, B, C etc., without real interaction.

By contrast, interdisciplinarity is characterised by collaboration between spe-
cialists with a very different scientific socialization who come together to tackle
a complex problem. The disciplines interact and share the same knowledge objec-
tive. [...]

Transdisciplinarity is a global and integrated vision that re-organises disci-
plinary knowledge in order to solve a complex problem. As Piaget hypothesised
it, it ‘would not be confined to the attainment of interactions or reciprocities be-
tween specialised research; instead, it would situate these relationships at the
centre of an overall system without stable frontiers between the disciplines’
(197393). The concept of 'retroaction’, for example, is typically transdisciplinary,
as it pervades the fields of information theory, cybernetics, communication
sciences, biology, psychology etc." (Perrig-Chiello and Darbellay 2002, pp. 23-24;
translation by A. Zimmermann)

Ramadier 2004

"Multidisciplinarity and interdisciplinarity do not break with disciplinary thinking
[...]. In the case of multidisciplinarity, the aim is mainly the juxtaposition of theo-
retical models belonging to different disciplines. Disciplines are considered as
being complementary in the process of understanding phenomena. The point is
not to take into account the entire model, but only part of each model, that which
can be the object of bilateral consensus, in order to maintain coherence. The
advantage of this approach is that it highlights the different dimensions of the
studied object and respects the plurality of points of view. These aspects of
multidisciplinarity are most visible in colloquia.
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Interdisciplinarity differs from multidisciplinarity in that it constructs a common
model for the disciplines involved, based on a process of dialogue between dis-
ciplines. For this reason, interdisciplinarity is often implemented within the same
disciplinary field and its purpose is to create synthesis. However, the second
important aspect of interdisciplinarity lies in the practice of transfers, either of
models or of tools (such as mathematics, statistics), from one discipline to others.
In one version, the participating disciplines must submit to the rules and
principles of a specific discipline. In a second version, the concepts of one
discipline are appropriated by the other disciplines. For example, environmental
psychology uses the concept of identity, with several variations (for example,
spatial identity, housing identity, etc.). The advantage of this second version of
interdisciplinarity is that it can be practiced on an individual basis, rather than
collectively. In any case, however, regardless of the form it takes, interdisciplinarity,
like multidisciplinarity, avoids paradoxes and having to solve them. As a result,
both interdisciplinarity and multidisciplinarity approaches are fragmented. Once
again, we are dealing with disciplinary thinking, and thus it is no surprise that
multidisciplinarity encourages the creation of new sub-disciplines and the
emergence of new levels of reality.

Transdisciplinarity breaks away with this type of thinking in a significant way,
since the objective is to preserve the different realities and to confront them. Thus,
transdisciplinarity is based on a controlled conflict generated by paradoxes. The
goal is no longer the search for consensus but, as we have already said, the
search for articulations. The aim is thus to avoid reproducing fragmentary models
typical of disciplinary thinking. In the end, transdisciplinarity simultaneously
combines multidisciplinarity and interdisciplinarity in order to rise above these
forms of thought. From multidisciplinarity, transdisciplinarity has inherited its
awareness of different realities. From interdisciplinarity, it has adopted the effort
to reinterpret knowledge in order to readjust the different levels of reality. Thus,
these three scientific approaches of disciplinarity, multidisciplinarity and interdis-
ciplinarity have contributed to the emergence of transdisciplinarity.” (Ramadier
2004, pp. 433-434, italics in the original)

Despreés et al. 2004

"It has become increasingly evident to many scholars that the historical making
and functioning of disciplinary segmentation should not be confused with the
common social, spatial, politico-economical [sic] and historical reality to be
observed. Indeed, disciplinary segmentation appears as the outcome of the
process of knowing about reality which, to operate, needs to reduce it to formal



objects, that is, to define analytical dimensions. In other words, it is the outcome
of a methodological reduction of reality. The sociology of knowledge and
Foucault's archaeology of knowledge remind us that disciplines are the out-
come of social and epistemological determinations and that they are socially
produced across institutionalisation and ‘professionalisation’ processes. In this
respect, scientific and academic worlds are dealing with the tension between
specialisation, on the one hand, and complexity of the reality to be understood,
on the other hand.

Interdisciplinarity came forth as the answer to the fragmentation of knowl-
edge into disciplines. The research object being always more complex than its
disciplinary representation, researchers then co-construct their research object
across several disciplines. Most interdisciplinary research fits the following
characteristics: 1) the object construction goes beyond a single disciplinary
framework; 2) concepts from various disciplines are combined and partially trans-
lated in the research scheme; 3) methods are borrowed from various disciplines;
4) researchers with complementary disciplinary profiles are involved. This being
said, on a pragmatic level, the research program might very well be confined with-
in one discipline, or be split between two or more disciplines in almost autono-
mously sub-research.

What is new then with transdisciplinary? The Latin prefix trans- somehow
answers the question. While interdisciplinary research concerns several disciplines,
transdisciplinary research implies crossing the boundaries between disciplines. It
defines a mediation space between them. Our own experience of the inter- and
transdisciplinarity suggests that the latter activates a mutation process within the
disciplines involved, as comprehension of the research problem intensifies. If the
research methods are borrowed from multiple disciplines and the disciplinary com-
petencies of team members used to their best advantages, the definition of the
research strategy and the on-going interpretation process are truly transdisci-
plinary. Researchers are looking for convergent interpretative schemes, for shared
explanatory models based on concepts and theories that will hold together across
multiple disciplinary filters. The mediation space in transdisciplinary research
includes the following: 1) definition of complex research objects and problems;
2) definition of epistemological positions; 3) selection of operational concepts;
4) elaboration of the research strategy; 5) combination of research methods; and
6) construction of interpretative theoretical frameworks. On a day-to-day basis,
transdisciplinary research requires a different way of conducting research. It
namely calls for close and constant collaboration among co-researchers, at all
steps of the research program, which translates inevitably into generous media-
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tion time and space. This is undoubtedly easier to realise when geographical
distance among co-researchers is not at stake.” (Després et al. 2004, pp. 475-476,
italics in the original)

D> In the Principles transdisciplinary research is defined through its reference to
and specific analysis of a socially relevant problem. The search for a general
perspective beyond all disciplines is not a priority here.

A2 "Modes of operation” of transdisciplinarity
known under other designations

The characteristics that are important in the definitions of transdisciplinarity
can also be found in the definitions of types of research that are not called
“transdisciplinarity”. Listed below are several definitions of research types that
are all characterised by their reference to life-world problems, as well as - for
some of them - their preference for participatory research and their decision to
transcend and integrate disciplinary paradigms.

Integration and implementation sciences

"There are three aspects to Integration and Implementation Sciences. First is
that the specialization will aim to find better ways to deal with the defining
elements of many current societal issues and problems-namely complexity, un-
certainty, change, and imperfection. Second is that there will be three theoretical
and methodological pillars for doing this: 1) systems thinking and complexity
science, 2) participatory methods, and 3) knowledge management, exchange, and
implementation. Third, operationally, Integration and Implementation Sciences
will be grounded in practical application and will generally involve large-scale
collaboration.” (Bammer 2005)

D> This definition of Implementation and Integration Sciences emphasises two
core challenges also addressed by TR: the need to integrate scientific disciplines
and perspectives (see Tool 3, p.59) and to bring results to fruition (see
Chapter 4.4).



Interdisciplinary problem-solving

"All nations face the challenge of developing and applying effective problem-
solving strategies to manage their natural resources for the common interest of
their citizens. Strategies that integrate knowledge to improve policy and on-
the-ground action are being demanded by many sectors of society. In universities
calls for interdisciplinary problem-solving are growing, in natural resources arenas
the new emphasis is on comprehensive ecosystem management, and in business
the focus is on integrating environmental concerns to modernise operations.
Interdisciplinary problem-solving is the means by which knowledge integration
can take place.” (Clark 1999, p. 393)

D> The concept of "interdisciplinary problem-solving” comes from the policy sci-
ences (see below) and describes what policy sciences does. What has been taken
over into the Principles is the aim of analysing problems in the "“common
interest”, I.e. of focusing on what is perceived to be the common good when
working on problems.

Mode 2 interdisciplinarity (vs. Mode 1 interdisciplinarity)

"Mode 1 Interdisciplinary Research brings together researchers from different dis-
ciplines in order to overcome a blockage to further development within a disci-
pline, or to enable the discipline to move into new and productive areas of
research. In the long run, it furthers the expertise and competence of academic
disciplines, for example through developments in methodology and instrumen-
tation, and may even lead to the formation of new disciplines or sub-disciplines.
Mode 1 interdisciplinary research is thus one of the primary engines of the
evolution of disciplines. Although in this sense, it supports rather than challenges
the discipline-based structure of academic and research institutions, in the
short-term (e.g. the timescale of an individual project) it can meet resistance from
existing academic structures just as much as Mode 2 interdisciplinary research.
Overall, the academic barriers to Mode 1 interdisciplinary research are not so
strong as for Mode 2 and there are fewer difficulties in evaluating and adminis-
tering projects.

Mode 2 Interdisciplinary Research addresses issues of social, technical and/or
policy relevance where the primary aim is problem-oriented and discipline-related
outputs are less central to the project design. The relevant mix of disciplines tends
to be project specific. Researchers who develop a career working on such projects
build up expertise on the integration of disciplines in a range of contexts and the
management of other researchers from different disciplines working together,
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skills not highly valued in an academic context. Mode 2 interdisciplinary research
is thus often regarded as undermining academic research, taking its evolution in
a direction with which many academics are uncomfortable and is often seen by
discipline based researchers as at best irrelevant and at worst threatening. The
barriers to this type of interdisciplinary research are correspondingly greater, as
are the difficulties of evaluating and managing it." (Bruce et al. 2004, p. 460,
italics in the original)

D> Wherever the term “interdisciplinarity” is used in this publication, it refers to
Mode 1 Interdisciplinarity.

La recherche interdisciplinaire finalisée

(interdisciplinary research with a purpose)

Hubert and Bonnemaire (2000), whose perspective is discussed in depth in
Chapter 4.2.3, describe their approach as "recherche interdisciplinaire finalisée”
(interdisciplinary research with a purpose).

"The relevance of research that is carried out will depend on the relevance of
the objects of study. Indeed, these objects will have to be approached in their new
complexity, since they combine ecological and biophysicochemical processes, the
perceptions and practices of those who influence these processes and those who
are affected by their impacts, and the knowledge produced by the researchers
who set up procedures to study them. The researchers' partners are thus both
objects and subjects in these procedures, as they take part in them, formulate and
conduct projects on them, and are the main persons concerned by the results
achieved. Moreover, in this situation the researchers themselves are stakeholders,
given the fact that they intervene." (Hubert and Bonnemaire 2000, p. 7; trans-
lation by A. Zimmermann)

Trans-scientific
"Many of the issues which arise in the course of the interaction between science
or technology and society - e.g., the deleterious side effects of technology, or the
attempts to deal with social problems through the procedures of science - hang
on the answers to questions which can be asked of science and yet which cannot
be answered by science.”" (Weinberg 1972, p. 209, italics in the original)

For these kinds of questions, Weinberg proposes the term "trans-scientific”,
because answering them leads beyond science's field of competence and knowl-
edge.



Post-normal science

"Whereas science was previously understood as steadily advancing in the cer-
tainty of our knowledge and control of the natural world, now science is seen as
coping with many uncertainties in policy issues of risk and the environment. In
response, new styles of scientific activity are being developed. The reductionist,
analytical worldview which divides systems into ever smaller elements, studied by
ever more esoteric specialism, is being replaced by a systemic, synthetic and
humanistic approach. The old dichotomies of facts and values, and of knowledge
and ignorance, are being transcended. Natural systems are recognised as dyna-
mic and complex; those involving interactions with humanity are ‘emergent’,
including properties of reflection and contradiction. The science appropriate to
this new condition will be based on the assumptions of unpredictability, in-
complete control, and a plurality of legitimate perspectives.” (Funtowicz and
Ravetz 1993, p. 739)

“For him [Thomas Kuhn], 'normal science’ referred to the unexciting, indeed
anti-intellectual routine puzzle solving by which science advances steadily be-
tween its conceptual revolutions. In this ‘normal’ state of science, uncertainties
are managed automatically, values are unspoken, and foundational problems
unheard of. The post-modern phenomenon can be seen in one sense as a response
to the collapse of such ‘normality’ as the norm for science and culture. As an alter-
native to post-modernity, we show that a new, enriched awareness of the functions
and methods of science is being developed. In this sense, the appropriate science
for this epoch is ‘post-normal’.

This emerging science fosters a new methodology that helps to guide its
development. In this, uncertainty is not banished but is managed, and values are
not presupposed but are made explicit. The model for scientific argument is not
a formalised deduction but an interactive dialogue. The paradigmatic science is
no longer one in which location (in place and time) and process are irrelevant to
explanations. The historical dimension, including reflection on humanity's past
and future, is becoming an integral part of scientific characterisation of Nature.”
(Funtowicz and Ravetz 1993, p. 740)

D> In the Principles, the aspects of post-normal science described above are re-
flected in the uncertainty and strong commitment that characterise the start-
ing point for transdisciplinary research (see Chapter 3.1).
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Sustainability science

"A new field of sustainability science is emerging that seeks to understand the
fundamental character of interactions between nature and society. Such an
understanding must encompass the interaction of global processes with the eco-
logical and social characteristics of particular places and sectors. The regional
character of much of what sustainability science is trying to explain means that
relevant research will have to integrate the effects of key processes across the full
range of scales from local to global. It will also require fundamental advances in
our ability to address such issues as the behaviour of complex self-organising
systems as well as the responses, some irreversible, of the nature-society system
to multiple and interacting stresses. Combining different ways of knowing and
learning will permit different social actors to work in concert, even with much
uncertainty and limited information. [...]

The sustainability science that is necessary to address these questions differs
to a considerable degree in structure, methods, and content from science as we
know it. In particular, sustainability science will need to do the following: (i) span
the range of spatial scales between such diverse phenomena as economic glob-
alisation and local farming practices, (ii) account for both the temporal inertia
and urgency of processes like ozone depletion, (iii) deal with functional complex-
ity such as is evident in recent analyses of environmental degradation resulting
from multiple stresses; and (iv) recognise the wide range of outlooks regarding
what makes knowledge usable within both science and society. Pertinent actions
are not ordered linearly in the familiar sequence of scientific inquiry, where
action lies outside the research domain. In areas like climate change, scientific
exploration and practical application must occur simultaneously. They tend to
influence and become entangled with each other.

In each phase of sustainability science research, novel schemes and techniques
have to be used, extended, or invented. These include observational methods that
blend remote sensing with fieldwork in conceptually rigorous ways, integrated
place-based models that are based on semiqualitative representations of entire
classes of dynamic behaviour, and inverse approaches that start from outcomes
to be avoided and work backwards to identify relatively safe corridors for a
sustainability transition. New methodological approaches for decisions under a
wide range of uncertainties in natural and socioeconomic systems are becoming
available and need to be more widely exploited, as does the systematic use of net-
works for the utilisation of expertise and the promotion of social learning. Final-
ly, in a world put at risk by the unintended consequences of scientific progress,



participatory procedures involving scientists, stakeholders, advocates, active citi-
zens, and users of knowledge are critically needed.” (Kates et al. 2001, p. 641)

"Kates et al. list four methodological challenges: (i) spanning the range of spa-
tial scales; (ii) accounting for temporal inertia and urgency; (iii) dealing with func-
tional complexity and multiple stresses on human and environmental systems;
and (iv) recognising the wide range of outlooks. We would expand this list of chal-
lenges to include (v) linking themes and issues (e.g., poverty, ecosystem functions,
and climate); (vi) understanding and reflecting deep uncertainty; (vii) accounting
for human choice and behaviour; (viii) incorporating surprise, critical thresholds,
and abrupt change; (ix) effectively combining qualitative and quantitative anal-
ysis; and (x) linking with policy development and action through stakeholder
participation.” (Swart et al. 2002, p. 1994)

Mode 2 knowledge production

"Mode 1: The complex of ideas, methods, values and norms that has grown up
to control the diffusion of the Newtonian model of science to more and more
fields of enquiry and ensure its compliance with what is considered sound scien-
tific practice.

Mode 2: Knowledge production carried out in the context of application and
marked by its: transdisciplinarity;, heterogeneity, organisational heterarchy and
transience; social accountability and reflexivity; and quality control which empha-
sises context- and use-dependence. Results from the parallel expansion of knowl-
edge producers and users in society.” (Gibbons et al. 1994, p. 167; italics in the
original)

Policy sciences

"The policy sciences consist of a set of integrated concepts or conceptual tools for
framing thought and action and for guiding analysis, interpretation, and resolu-
tion of any problem (Lasswell 1968). The sciences part of the term refers to syste-
matic, empirical inquiry. The concepts focus our attention on three key questions
that can be asked about any policy, proposal, or initiative (Brunner, personal
communication): Is it rational? Is it politically practical? Is it morally justified? This
framework suggests additional important questions: From whose standpoint is the
policy problem best understood? What methods are required to understand the
problem? How should answers to these questions be integrated with ongoing
practices? These interrelated questions should be asked and addressed in every
management and policy case.” (Clark 2002, p. 4, italics in the original)
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"There are many misconceptions about the term policy in natural resource fields.
It is sometimes thought to be synonymous with politics; terms such as biopolitics
embody this view. It is also common to hear resource professionals talk about sci-
ence versus politics, with the implication that politics is bad and science is good
and that if we had more science and less politics life would somehow be better.
Another misconception is to equate policy with a plan, mission, goal or law.
Hogwoos and Gunn (1986, 13-19) distinguish ten ways in which the term policy
is commonly used, all of which can be observed in any newspaper over the course
of a few weeks: (1) a field of study, such as wildlife policy, (2) an expression of
general purpose or desired state of affairs, as in ‘we shall endeavour to restore
endangered species,’ (3) a specific proposal such as 'we shall establish ten
populations,’ (4) a decision of government, including specific, on-the-ground
management decisions, (5) formal authorisation, such as the Endangered Species
Act, (6) a program, as in ‘our policy is to set up public-private partnerships,’ (7)
output, or what government delivers, (8), outcome, or what is actually achieved,
(9) a theory or model, such as 'assumptions about cause and effect relationships'
about a problem and how it should be solved, and (10) a process, as of comple-
xities unfolding over time.

Care should be taken in using the term. Policy, as used in this book and
following Lasswell and McDougal (1992), is a social process of authoritative
decision making by which the members of a community clarify and secure their
common interests. In other words, the people who interact in a community share
expectations about who has the authority to make decisions about what, when
and how. According to Brunner (1996a, p. 46), ultimate authority in society to
make policy rests ‘in perspectives of living members of the community - their iden-
tifications, demands and expectations - which, like other factors in social process,
are amenable to empirical inquiry.’ The policy sciences can help professionals con-
duct this vital ‘empirical inquiry’ into people's perspectives, interactions, and
outcomes of decision-making processes.” (Clark 2002, p. 6, italics in original)

Policy analytic activities

"Policy analysis has been defined in different ways. Common core elements

shared by most authors in the field are [...]:

__policy analysis is a purposeful and systematic activity that can be delimited
with respect to the subject matter and time;

__the objective of policy analysis is to assist those responsible for making
changes;



__the emphasis in policy analysis is on the collection, interpretation and
communication of information that is of relevance to a policy issue;

__policy analysis is a decision, action, or policy oriented activity, which seeks
to enlighten policy discussions;

__the policy issues considered typically involve multiple interests, a variety
of often conflicting objectives, and uncertainty.” (Thissen and Twaalfhoven
2001, p. 628)

A3 Participants in the peer review process

The following experts reviewed the preliminary version of the Principles for
Designing Transdisciplinary Research (see Pohl 2004); their feedback was
essential for the present version.

Bestvater, Hanne, Bern

Brand, Karl-Werner, Munich
Grossenbacher-Mansuy, Walter, Bern
Guggenheim, Michael, Zurich
Hoffmann-Riem, Holger, Zurich
Hofmanner, Alexandra, Cape Town
Kaufmann-Hayoz, Ruth, Bern
Kissling-Naf, Ingrid, Bern

Kiiffer, Christoph, Zurich

Loibl, Marie Céline, Vienna
Nolting, Benjamin, Berlin
Perrig-Chiello, Pasqualina, Bern
Scheringer, Martin, Zurich
Schlachter Willy, Brugg

Spath, Philipp, Graz
Valsangiacomo, Antonio, Bern
Voss, Jan-Peter, Berlin

Various drafts of the Principles were also presented to the following bodies,
groups and events; the ensuing discussions made it possible to further develop
this publication.
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__Working group on “Environmental Research” (Arbeitsgruppe “"Umweltforschung”)
of the Federal Office for the Environment, Bern

__td-net Scientific Advisory Board, Bern

__Advisory Commission for Environmental Research (Beratende Kommission fiir
Umweltforschung, BKUF) of the Federal Office for the Environment, Bern

__Institute for Human-Environment Systems (Prof. R.W. Scholz, ETH Zurich)

—_Annual Symposium of the German Society for Human Ecology (DGH) and the
Swiss Academic Society for Environmental Research and Ecology (SAGUF) in
2005, Sommerhausen

__Swiss National Centre of Competence in Research (NCCR) North-South, Bern



Notes

1 See for example (Epton et al. 1983, Klein 1990, Klein 1996, Defila and Di
Giulio 1999, Loibl 2001, Mogalle 2001, Rébbecke and Simon 2001, Hollaender
et al. 2002, Bergmann 2003, Boix Mansilla and Gardner 2003, Bruce et al.
2004, Schophaus et al. 2004, Loibl 2005, Stokols et al. 2005, National
Academy of Sciences 2005, Bergmann et al. 2005, Moll and Zander 2006, and
Defila, Di Giulio and Scheuermann 2006)

(Pohl 2004)

According to Rolf (1999), “Lebenswelt” or “life-world” refers to the human
world prior to scientific knowledge. While philosophy (led by Edmund Husserl
who coined the term) uses this concept within the framework of both phenom-
enology and constructivism as a possibility of critiquing and explaining
science, Schiitz's interpretive sociology links “life-world” 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 Annex Al).

In the present publication, the term “paradigm” is broadly defined according
to Kuhn (1996) and is understood as comprising a disciplinary language, a
worldview, values, exemplary problem-solving, forms of communication, and
institutional structures. A scientific community - a discipline or special field -
is characterised by its paradigm.

Participatory research goes beyond doing research on actors, and implies that
actors can help shape the research process (cf. “la recherche interdisciplinaire
finalisée", Annex A2)

We use the term “actor” for persons and institutions in public agencies, the
private sector and civil society who are involved in one way or another in a
problem field. Their relation to the problem field is the reason why transdis-
ciplinary researchers work with them.
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We use the term “public agencies” to refer to public institutions from the local
to the global level, i.e. the inter- and transnational level.

The term “science” is used with a very broad meaning in this publication: it
refers to scientific communities, activities and institutions of all kinds, and
includes the social sciences, natural sciences, humanities, engineering sciences,
health sciences etc.

When we refer to empirical questions, we also use the term “systems knowl-
edge”, as it underlines that there is a need for knowledge regarding complex
relations between empirical aspects. Knowledge generation of this kind can
involve description of empirical evidence, quantitative modelling of com-
plexity, theoretical elucidation of relations, and hermeneutic interpretation of
empirical facts. Practice-oriented questions cover the goals and means of
action. They thus also comprise “target knowledge” and “transformation knowl-
edge” (see Chapter 3.3).

We use the term “problem field" for an area in which the need for knowledge
related to empirical and practice-oriented questions arises within society due
to an uncertain knowledge base and diffuse as well as controversial percep-
tions of problems. Funtowicz and Ravetz (1993, p. 744), who introduced the
concept of “post-normal science” (see Annex A2), use the term "issues” when
dealing with problem fields relevant to values in society. By contrast, we use
the term “problem” for concrete, identified and structured questions within
problem fields. These cannot be considered as given. Rather, in view of the initial
random array of difficulties, it is important in the first phase of TR 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. Depending on the context we speak either of “problems”
or of “research questions”.

Within this context, Funtowicz and Ravetz (1993, pp. 741 ff.) speak also of the
“reinvasion of the laboratory by nature”. Gibbons et al. (1994) refer to this as
the production of knowledge in the context of application, which they describe
as "Mode 2" knowledge production and contrast with disciplinary or “Mode 1"
knowledge production (see also Annex A2).

12 The notion of the common good or common interest has not yet really entered

the debate on transdisciplinarity. Kétter and Balsiger characterised TR in rela-
tion to “public goods” in 1999: “... the concept of transdisciplinary research
should be reserved for a special kind of interdisciplinary research, which is ori-
ented to the solving of problems growing from our treatment of public goods”
(Kotter and Balsiger 1999, p. 117). A public good such as fresh air is conceived



of in economics as a good that is non-rival and non-excludable. This means that
consumption of the good by one individual does not reduce the amount of
the good available for consumption by others and that it is not possible to
exclude individuals from consumption of the 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. In
the policy sciences (see Annex A2) Clark refers to what he calls the “concept
of common interest". "Common Interests are those that are widely shared with-
in a community and demanded on behalf of the whole community”. (Clark
2002, p. 13, italics in the original.) It is often tacitly assumed that applied re-
search serves the common good.

Regarding requirement a), see also Wynne (1992), Koontz and Moore Johnson
(2004, p. 188), and Nolting et al. (2004, pp. 255 & 258). For requirements c)
and d), see Arias et al. (2000, p. 90), and Nélting et al. (2004, pp. 255 & 259).
Quinlan and Scogings (2004, pp. 540 ff.) also mention that participation in
“social anthropology” first served the purpose of increasing reflexivity (see also
note 79).

It is Costanza (2003, p. 654) who refers to the importance of collaboration be-
tween the analytical and the creative disciplines. Baccini and Oswald (1998)
offer an example of such collaboration (see also Example 5).

(Bagamoyo College of Arts et al. 2002)

See for example German Advisory Council on Global Change (1997, pp. 106 ff.),
Schellnhuber et al. (1997), Petschel-Held et al. (1999a), Petschel-Held et al.
(1999b), Schellnhuber (1999), Petschel-Held (2003), and Ludeke et al. (2004).
What we refer to as a “regulative idea”, following Van den Daele (1993), is a
guiding principle. Sustainable development is such a regulative idea (Minsch
et al. 1998, pp. 18ff.) referring to a way of living together in society that can
give an orientation to society's debates about institutions and practices. Van
den Daele explains the use of ecological concepts as regulative ideas in the
following way:

“Concepts such as ‘ecological stability’, ‘balance of nature' and ‘functionality
of the natural system' may not be criteria that make direct measurement of the
environmental impact of interventions possible. But they define the framework
of problems within which all environmental impact assessments must situate
themselves. The danger that human interventions may put too great a strain
on the capacity of ecological relations, leading to drastic reorganisation - and
perhaps even the collapse - of entire systems, is the core of our environmental
problems. We do not decide whether a threat ‘truly’ exists as long as we have
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to ‘prudently’ define it as real. Since the conditions for ecological stability can-
not be conclusively defined, it remains open whether current environmental
norms allow us to keep a sufficiently secure distance from those unknown
borders that we must cross under no circumstances. Ecological stability, though
hard to define, is a good that is fundamentally worth protecting. It is not an
operational standard but a regulative idea, a normative prong that keeps

discussions about appropriate environmental norms going and gives them a

course to follow." (Van den Daele 1993, p. 227; translation by A. Zimmermann)

See also Brand (2000, p. 21).

In the draft version of the present publication (Pohl 2004), the focus on the

common good was not elucidated. This may be the reason why the only

fundamental controversy that arose during the review process was triggered by
this point. For some, the focus on the common good is the link that was
missing until now in the definition of TR, as it underlines the need to refer to

a normative principle when addressing practice-oriented problem-solving with

actors. But for social scientists in particular, the normative requirement to

focus on the common good should definitely be taken out of the definition of

TR: They argue that common good issues are not a particularity of TR alone,

that it is not clear what the common good means, that this in turn only opens

a new, difficult field in the debate, and that normative decisions are not part

of science's responsibilities. By explaining the focus on the common good in

greater detail in this publication, we have tried to do justice to this valid
criticism.

We would like to thank Jan-Peter Voss for providing a series of definitions of

the common good. The Rowohlt handbook of political studies (Shell 1985)

offers a pluralist understanding of the concept:

1. "The concept of the common good can mean that all members of an organ-
ised society actually share the same values and goals. However, this empiri-
cally identifiable state has never been attained yet, as there are always devi-
ant or opponent groups in a society (e.g. pacifists or war opponents in times
of war). However, if the ‘common good' is defined as the ‘interest of the major-
ity', it is necessary to ask whether the principle can be binding for those who
do not share the majority's understanding of what constitutes this ‘good".

2. The 'reasonable’ common good. This definition is not tied to the empirical-
ly identifiable consent of a society's members. Instead, it postulates that an
objectively verifiable good exists. But in the case of a conflict between
groups or individuals who believe that they have the only correct under-
standing of what is reasonable - and this case is the norm in political
debates - an objective, impartial judge will always be lacking.
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3. The 'moral’ common good is closely related to the ‘reasonable’ common
good. It presupposes an overall binding value system. The interests of indi-
viduals and groups who do not follow it are denigrated as ‘immoral’ and not
compatible with the common good.

4. The ‘common good' as a balance of interests. The concept in this case is not
defined in terms of content. Instead, it is equated with the process of reach-
ing a balance (which presupposes and promotes stability) and with the
results that emerge in each case. Stability of the system becomes the highest
value; and equating the results of a compromise that is often obviously dys-
functional runs counter to the definition of the common good as a ‘reason-
able' (appropriate) solution.” (Shell 1985; translation by A. Zimmermann)

The Principles for Designing Transdisciplinary Research do not claim that TR is

the only form of research that focuses on the common good. Rather, they

underline that one of the tasks of TR is to deal explicitly with the common good
as part of the research process.

"However, it would be wrong to assume that users will automatically have a

better understanding than academics of the ‘real world' nature of problems. On

the contrary, user communities might have only a partial understanding of
what their problem is and, in certain cases, might compromise the quality of
the research and even lead it in unproductive directions. Though user involve-
ment was seen by some as an alternative to social science inputs in technical
research and development projects, the latter offered tools and concepts not
necessarily possessed by users. Interactions with stakeholders can be problem-
atic and a clear plan for stakeholder and user engagement is needed given the
different exigencies and concerns of stakeholders and researchers.” (Bruce et

al. 2004, p. 466)

The importance of clarifying roles is underlined by Bruce et al. (2004, p. 466),

de Wit (2004, pp. 37 ff.), Nolting et al. (2004, p. 257), Quinlan and Scogings

(2004), and Schophaus et al. (2004, pp. 72 and 165). A role comprises not

only responsibility for content but also a specific (hierarchic) position. Nolting

et al. (2004, p. 257) therefore differentiate between the roles of the “observer”,

“moderator” and "“idea giver", while Schophaus et al. (2004, p. 175) list “the

scientist, the author, the co-practitioners’ counsellor, the complaint box for

colleagues, the busy bee, the coordinator, the proof-reader, the networker, the
telephone expert, the reader, the endless complainer, the indefatigable moti-
vator, etc." as possible roles. Moreover, Loibl (2005, p. 109) mentions that the
same person may play different roles with different hierarchic positions in the
same project. Quinlan and Scogings (2004, p. 541) insist on how important -
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and at the same time difficult - it is to always clearly distinguish between the
roles of “researcher, facilitator, advocate and activist”".

Concrete research projects can be a mixture of the different forms of research,
as ideal types are constructs that insist on specific analytical differences and
structures. Max Weber (1949 [1904], in particular pp. 89-95) introduced the
concept of ideal types in order to show what was particular to social science
theories in contrast to laws in the natural sciences. “An ideal type is formed by
the one-sided accentuation of one or more points of view and by the synthesis
of a great many diffuse, discrete, more or less present and occasionally absent
concrete individual phenomena, which are arranged according to those one-
sidedly emphasised viewpoints into a unified analytical construct (Gedanken-
bild). In its conceptual purity, this mental construct (Gedankenbild) cannot be
found empirically anywhere in reality. It is a utopia." (Weber 1949 [1904], p.
90, italics in the original.) The concept of the ideal type is expounded in
Hirsch Hadorn (1997).

In this publication, we use the terms “discipline” and “special field" as syno-
nyms (see note 4).

The differentiation between various “policy cultures” is taken from the litera-
ture on science studies. Nowotny and her colleagues implicitly refer to it when
they write about changes in the scientific community's relation to politics, the
market and culture (Nowotny et al. 2001, pp. 21 ff.). Elzinga (1996) analyses
the “orchestration of the global climate change research” as a power play be-
tween four "policy cultures”: the “scientific”, "bureaucratic”, “economic” and
“civic" policy cultures. Jasanoff and Wynne (1998, p. 17) further develop this
idea by presenting the four “policy cultures” as a complex system of inter-
dependencies. Our understanding of governmental policy culture includes
inter- and transnational organisations.

We use the term interdisciplinarity in the sense of the definition of Mode 1
interdisciplinarity (see Bruce et al. 2004, p. 460; see also Annex A2). What
inspires collaboration of this kind between disciplines is the potential for
scientific innovation that emerges when existing disciplinary viewpoints are
combined. Sometimes, “interdisciplinarity” is also used in transdisciplinary
contexts, but with a different meaning (see Annex A2).

See also “post-normal science” (Annex A2). What we term “interests” are refer-
red to there as “decision stakes". "By ‘decision stakes' we understand all the
various costs, benefits, and value commitments that are involved in the issue
through the various stakeholders.”" (Funtowicz and Ravetz 1993, p. 744)
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Bruce et al. note: “Disciplines have survived for so long in the academic world
because they serve the very useful function of constraining what the researcher
has to think about. They set a boundary on the parameters of interest (what
to include and what to leave out) and dictate the range of methodological
approaches that are relevant. They thus provide a clearly defined starting
point for a research project but they also pre-determine to a large extent
what the outcomes of the research will be. If this framework is removed (...)
in-experienced researchers can be overwhelmed by complexity.” (Bruce et al.
2004, p. 467)

In the Visions of Swiss Researchers, "systems knowledge” is introduced as knowl-
edge of the current status, “target knowledge" is knowledge about a target
status, and “transformation knowledge" is knowledge about how to make the
transition from the current to the target status (ProClim 1997). As this formu-
lation can be misinterpreted and given a technocratic bias, we describe the con-
tents differently (see Table 1). There are different ways of distinguishing be-
tween the three forms of knowledge, especially in relation to TR on sustainable
development (Deppert 1998, p. 36, Becker et al. 1999, pp. 1-20, Becker and
Jahn 2000, p. 79, Brand 2000, pp. 19-21, Burger and Kamber 2003, p. 52,
Nolting et al. 2004, p. 254). Jantsch makes a similar distinction when he
describes the “empirical level”, the “normative level” and the “pragmatic level”.
He also mentions the “purposive level”, which is at the overall level of the
“science/innovation/education” system (Jantsch 1972, see Annex Al).
Similar groups of questions can be found in Costanza (1997, p. 79) and
Grunwald (2004).

See also Sarewitz (2004).

See Brand (2000, pp. 20-21), and Brand (2005, in particular pp. 152-158).
Routines of practice, regulations, technologies and power relations exist and
develop in a very close relationship to one another, rather than independent-
ly (see e.g. Hughes 1986, Callon et al. 1992, Callon 1995, Hughes 1998, and
Oudshoorn and Pinch 2003).

See for example studies on the eco-labelling of hydropower (e.g. Truffer et al.
2003).

The term used in the German original of the present publication is “eierlegen-
de Wollmichsau” (literally an “egg-laying, wool-bearing dairy sow") - i.e. an
impossible but highly desirable animal in agricultural production. The “eier-
legende Wollmichsau” was a central metaphor both at the inaugural confer-
ence on socio-ecological research in Berlin, 2002, and at the conference on
the future of collaborative research (“Zukunft der Verbundforschung") of the
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German Society for Human Ecology in Sommerhausen in 2003. In an analysis
of experience garnered by the Swiss Priority Programme Environment, Defila
und Di Giulio (1996) describe this multiplicity of requirements and explore its
significance in research projects.

According to Mogalle, “the way in which transdisciplinary production of knowl-
edge is organised can typically be divided into three modules (...): 1) problem
identification, 2) problem analysis, 3) application” (2001, p. 305; translation
by A. Zimmermann). Bergmann (2003) also divides a questionnaire for the
evaluation of transdisciplinary projects into three parts revealing a similar
logic. In a more recent publication on evaluation criteria for transdisciplinary
research (Bergmann et al. 2005), he and his colleagues present the “organiza-
tion of the criteria” in the following manner: “The Basic Criteria and the
Detailed Criteria are organized in three sections that follow a project
chronology (A: Project Formulation and Construction - B: Project Execution -
C: Project Results). In the course of project analyses, it was noted that the logic
of project chronology eases access to the complex matter and interdependencies
of a transdisciplinary research project, and makes the evaluation transparent
for all participants because the process of developing the research project can
be understood, and causes and effects recognized. This chronological approach
is therefore recommended, especially for a more precise project evaluation.”
(Bergmann et al. 2005, p. 22) Rébbecke and Simon also suggest such a
tripartite division of evaluation criteria in a comment on how to evaluate the
institutes of the German umbrella organization Wissensgemeinschaft Gott-
fried Wilhelm Leibniz (WGL), which cover “a wide spectrum of tasks from basic
research to application-oriented research and services" (Robbecke and Simon
2001, p. 45): "In each case, we need to differentiate between three categories
of descriptors that relate to the input, output and throughput of a research
organization. The term ‘input’ refers to all of the external influences and
prerequisites that are needed for the process of producing results, while the
results of this process are called ‘output’. The third category, referred to as
‘throughput’, is less common: it consists of the processes and structures that
support the transformation of the input into the desired output” (Robbecke
and Simon 2001, p. 65; translation by A. Zimmermann). Finally, Thissen and
Twaalhofen quote a similar subdivision for policy analysis: “The input mode
considers the people involved and the wide variety of material that enter
the study, e.g., data, assumptions, models, mathematical procedures, and
professional specialists on the analysis teams. The output mode focuses on the
results of the activity and how they relate to reality and to the process of
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analysis. Furthermore, the focus of this mode is on the prescriptions emerging
from the results and, if implemented, possibly on the eventual outcomes. In the
third mode, the process mode, various process related aspects are considered
including the appropriateness of all steps taken in carrying out the activity,
the basis on which they were chosen, and the effectiveness of communicating
the process and the material entering to the actors involved.” (Miser and
Quade 1988, quoted by Thissen and Twaalfhoven 2001, p. 631, italics in the
original)
Scheringer et al. (2005) have reflected on this issue in the case of environ-
mental research.
“The expertise [of non-scientific actors] is particularly important in the initial
phase of formulating the research questions. Listen to their contributions with
greatest attention and take up expert opinions from practitioners in an ade-
quate way when you conceive your project.” (Loibl 2001, p. 10; translation by
A. Zimmermann.) Similar advice can be found in Haberli and Grossenbacher-
Mansuy (1998, p. 200), Defila and Di Giulio (1999, pp.18-21), Mogalle
(2001, p. 307), Kruse (2003, p. 97), and Luhmann and Langrock (2003, pp.
46-47).
See for example Funtowicz (1998, p. 104): “The objective of scientific endeav-
our in this new context may well be to enhance the process of the social reso-
lution of the problem, including participation and mutual learning among
stakeholders, rather than a definitive 'solution’ or technological implementa-
tion. This is an important change in the relation between the problem identi-
fication and the prospects of science-based solutions.” In their analysis of
political reactions to the greenhouse effect, Pohl and Gisler (2003, pp. 178-
179) show how specific views of a problem make particular solutions seem the
most adequate.
(Després et al. 2004)
We have borrowed the term from Clark (2002, p. 32). To date, we have found no
standardised procedure for this, only checklists with questions such as the ones
quoted below, which - although they structure the procedure in the sense of
heuristic tools - leave the procedure open with regard to methodological aspects:
__"Trend description: To what extent have past events approximated the pre-
ferred goals? What discrepancies exist between goals and trends? What
problems hinder achievement of the goals?
__Analysis of conditions: What factors or conditions have affected or caused
the direction and magnitude of the trends described? How do these contrib-
ute to the problem?
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__Projection of developments: If current policies are continued, what are the
probable future trends with regard to goal realisations and discrepancies?
How will these affect the problem?

__Invention, evaluation, and selection of alternatives: What other policies or
practices might achieve the goals and solve the problems? How should
these be evaluated with regard to past trends, conditioning factors, and pro-
jected trends?" (Clark 1999, p. 400, italics in the original.) Eck (2003) offers
an example from criminalistics.

40 Regarding this aspect, see the heuristics of options and restrictions (Hirsch
Hadorn et al. 2002). For the difference between structuring the problem from
the perspective of actors and structuring it from the perspective of the
dynamics of a natural system, see also Hirsch Hadorn (1995). In this context,
Pinson (2004, p. 511) distinguishes between “knowledge as an object” and
“knowledge as a project”.

41 (Hubert and Bonnemaire 2000)

42 Hubert and Bonnemaire (2000) call this the “objet de recherche Niveau 1" (i.e.,
Level 1 research object).

43 Hubert and Bonnemaire (2000) present a counter-example of disciplinary
problem-solving that does not take practice into account: In this example,
tables listing nutrient contents are distributed to livestock producers, who are
asked to determine the nutrient content of various bushes on their own and
manage pasturing activities accordingly.

44 (Baccini and Oswald 1998, Oswald and Baccini 2003)

45> The German-language literature on TR characterises the phase of problem
analysis in this manner; see for example Haberli and Grossenbacher-Mansuy
(1998, pp. 200-201), Jaeger and Scheringer (1998), Defila and Di Giulio
(1999), Mogalle (2001, pp. 309-313), and Bergmann (2003, p. 70).

46 See also Rossini and Porter (1979). In the debate within TR, they were taken
up by Krott (1996), and Defila and Di Gulio (2001, pp. 344-346).

47 In TR, persons from the life-world are also considered as “specialists of everyday
life" (“spécialistes du quotidien”) (Després et al. 2004, p. 474).

48 According to Chubin et al. (1979), integration based on “common group
learning” was preferred by most groups.

49 There is an example of such a negotiation in the literature from the USA (see
Policansky 1999); negotiation in this case involved only scientific experts.

50 See also Arias et al. (2000).

51 See also Gough et al. (1998), Toth and Hizsnyki (1998), and Toth and Mwan-
dosya (2001).
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We thank Michael Stauffacher, long-standing co-director of ETH-NSSI Case
Studies, for having provided this text.

See for example Scholz et al. (1995 and 2004).

(Scholz, Mieg and Oswald 2000)

See also Scholz (2000).

(Scholz and Stauffacher 2001)

(Scholz and Marks 2001)

(Scholz and Tietje 2002)

See also Stauffacher and Scholz (2004).

This characterisation follows Pohl (2001), who characterises the different
hierarchical relationships between the disciplines in transdisciplinary projects
as "master-slave”, "deadlock”, “give-and-take” and "new commonality”.
Regarding this aspect, see also the reflections on the categories in Mathieu et
al. (1997, pp. 26-28).

Regarding this aspect, see in particular Giri (2002), Costanza (2003), and Loibl
(2005). To point out what depth of insight participants need to acquire into
the relativity of their own position, Giri refers to the philosopher R. Sunder
Rajan: "For Sunder Rajan, ‘each perspective or point of view is such only as a
member of a community of points of view; this is a community and not a collec-
tion, for each perspective, from within its own resources, refers to the possibi-
lity of others' (...). The problem with modern disciplinary thinking is that it fails
to realise that its claim to universality needs to be relativised by recognising
the significance of other disciplines in gaining multiple perspectives about the
world to which both one's as well as another's discipline contribute. In this con-
text, for Sunder Rajan, ‘each discipline must shed an illusory universality to
gain a perspectival universality' (...) The task here is to realise that ‘the possi-
bility of other perspectives is not merely a contingent or incidental feature but
is essential to the very form of a perspective; a perspective is because it is one
among others’ (...). Sunder Rajan calls this ‘interperspectivity.' The calling for
transdisciplinarity requires a practice of interperspectivity.” (Giri 2002, pp.
105-106) In this sense, insight into interperspectivity is the first step that
needs to be taken on the path of transdisciplinarity.

For Giri, transdisciplinarity is therefore located within the network of relations
that is created between the perspectives in the course of TR: “In transdiscipli-
nary striving, relationship rather than our separate disciplinary Being is the
ground of our identity." (Giri 2002, p. 106) For Loibl, “a central task for the
members of a transdisciplinary research team is therefore to understand the
team as an alliance of persons belonging to different systems with different
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histories, whose task is to confront one another with the aim of analysing the
different logics of decision-making and different rules of the game, rather
than to encounter one another in a superficial manner." (Loibl 2005, p.34;
translation by A. Zimmermann; see also pp. 138-146)

Within the sciences, such overlapping positions can be found for example in
quantitative descriptive research and qualitative interpretative research. A few
years ago, the so-called “science wars" illustrated mutual incomprehension
between both sides in an impressive manner. Rayner and Malone (1998) in par-
ticular point out the lack of such understanding and collaboration in climate
research. In economics, Harriss (2002) requires that the predominantly quan-
titative perspective be more open to qualitative contributions, while Elkana
(1978) suggests that both positions be taken up at the same time (“two-tier
thinking").

The concept of the "paradigm” (see Note 4) was first developed to explain the
evolution of disciplines in the natural sciences (Kuhn 1996), but it is used much
more broadly today in all areas of knowledge. The concept of “thought styles”
originally came from Fleck and is used primarily, but not exclusively, for scienti-
fic groups (Fleck 1979, Cohen and Schnelle 1986). See Egloff (2005, especially
pp. 57-90) for examples of the use of the concept of “thought styles” in science
and consulting. The use of the ethnological concepts of (academic) “tribes” and
“cultures” when referring to science and the production of knowledge can be
found in Knorr Cetina (1981), Becher (1989), Galison (1997), and Knorr Cetina
(1999). The definition of collaboration between actors in science and society
as an exercise in understanding between social worlds comes from Star and
Griesemer (1989). The division of society into self-organising social sub-systems
comes from Luhmann (see for example Luhmann 1997). In his anthropology of
knowledge, Elkana (1986, pp. 46-52) uses a matrix of analysis with which a
differentiation and classification of different “images of knowledge" can be
made. When applying this matrix approach, the following questions are asked:
what sources of knowledge are used in each case? What hierarchies exist be-
tween sources of knowledge? Who are the holders and recipients of knowledge?
How stable does knowledge remain over time? Where can it be located on the
scale ranging from “sacred” to “secular"? How conscious is it? How strongly
does it depend on norms, values and ideologies? And how effectively can it be
translated in statements about nature?

See in particular Luhmann (1990). Brand (2005) offers a compilation of
various sociological theories and their significance for communication in the
field of sustainable development.



67 (Nagel 1986)
68 See Gieryn (1995) regarding the concepts of "boundary work"” and “cognitive

authority”. See Klein (1996, pp. 57-84) for the significance of these concepts
for collaboration between disciplines.

69 Regarding this aspect, Loibl remarks: “The practice-oriented projects tended to
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deal in a rather pluralistic way with the theoretical backgrounds and value
systems of the disciplines involved, and were in agreement on integrating
results on the basis of priority criteria that primarily take into account the capac-
ity to connect with contexts of application and partners' scope for manoeuvre.”
(2005, p. 29; translation by A. Zimmermann) In this context, Ezrahi also speaks
of “eclectic pluralism”, which he believes is a phenomenon typical of our times:
“Toward the latter decades of the twentieth century, it is incoherence and
inconsistency instead which indicate the absence of large-scale arbitrary action.
In a society deeply affected by ethical relativism and cognitive scepticism,
coherence tends to stand for pretence, untenable claims of knowledge and
authority, and the unacceptable exercise of power. Incoherence, by contrast,
seems to indicate humility, a refusal to suppress subjectivity and diversity, the
toleration of numerous notions of purpose, causation, and reality. In a society
in which the incoherence or the inconsistency of public actions indicates the
desirable absence of a directing mind or a guiding hand, where the shape of
the public realm is more like an eclectic pile of discrete structures than a
unified comprehensive structure, coherence in public actions would tend to
suggest numerous invasions of freedom. As a feature of public actions and
policies, eclectic pluralism is therefore more compatible with contemporary
liberal-democratic sensibilities than coherent pluralism; it indicates the exis-
tence of freedom from the domination of any particular idea, logic, or agency
in the sphere of political action. It is one of the main features of the post-
modern condition that grand narratives, the collective superstories which
provide a sense of direction and meaning to history and society, lose their
credibility and legitimating power." (Ezrahi 1990, p. 284, quoted by Wachelder
2003, p. 265)

See for example Mathieu et al. (1997, pp. 22 & 28-29), and Loibl (2005, pp.
28-30).

“Boundary objects are objects which are both plastic enough to adapt to local
needs and the constraints of the several parties employing them, yet robust
enough to maintain a common identity across sites. They are weakly structured
in common use, and become strongly structured in individual-site use. These
objects may be abstract or concrete. They have different meanings in different

109



110

72
73

74
75

76

77

78

social worlds but their structure is common enough to more than one world to
make them recognisable, a means of translation.” (Star and Griesemer 1989,
p. 393) Star and Griesemer developed this concept while explaining the
founding of a museum. The concept of the "boundary object” was meant to
counter the "myth of consensus”, which is based on the assumption that
community efforts always rely on consensus among those involved.

(Nicolini 2001)

For an example of such harmonisation between psychological research and the
method of life cycle assessment, see for example Hirsch Hadorn et al. (2002,
in particular pp. 53-102 and 103-157).

(Hughes 1987, pp. 76-80)

Després et al. describe such a process - in this case between researchers from
different disciplines - in the following way: “If the research methods are bor-
rowed from multiple disciplines and the disciplinary competencies of team
members used to their best advantages, the definition of the research strategy
and the on-going interpretation process are truly transdisciplinary. Researchers
are looking for convergent interpretative schemes, for shared explanatory
models based on concepts and theories that will hold together across multiple
disciplinary filters." (Després et al. 2004, p. 475)

Mathieu et al. (1997, in particular pp. 26-29) offer an example of this: Only
after years of collaboration did urban geographers and insect ecologists
succeed in formulating what the mutual potential was of collaborating on how
to deal with cockroaches. Pohl (2005) also concludes that partners need
several years of collaboration to reach a profound understanding of one
another's conceptual frameworks.

See note 34. Loibl (2005) uses the German term “In-Wert-Setzung”, translated
in this publication as “bringing results to fruition”.

In this figure, it would be a hasty conclusion to see science only on the left-
hand side of the diagram and social actors only on the right. Both positions can
also be found within collaborative research projects. Within the scientific field,
it is possible to find C.P. Snow's “two cultures”, which became famous in the
1960s: the problem- and solution-oriented nuclear physicist and the contem-
plative intellectual always ready for a discussion. Pohl (2005) makes a similar
distinction between the “engaged problem solver” and the “detached special-
ist" in his analysis of collaboration between the natural and the social sciences
in environmental research.

For Snow (1959), the lack of communication between the two cultures was one
of the main reasons why such pressing global problems as poverty were not



being addressed. A few years after the publication of his famous “Rede Lecture”
(Snow 1959), Snow cast a critical eye on the debate that was triggered by his
lecture: He complained that he was mainly being quoted because of “the two
cultures”: “Before | wrote the lecture | thought of calling it ‘The Rich and The
Poor," and | rather wish that | hadn't changed my mind." (Snow 1964, p. 79)

79 The terms “reflexive modernity” and “modernisation” are often used in this
context. The concept of reflexive modernisation goes back to Ulrich Beck, who
describes it in the following way: “Corresponding to the distinction between
modernization of tradition and reflexive modernization of industrial society,
two constellations can be differentiated in the relationship of scientific practice
and the public sphere: primary and reflexive scientisation. At first, science is
applied to a ‘given’ world of nature, people and society. In the reflexive phase,
the sciences are confronted with their own products, defects, and secondary
problems, that is to say, they encounter a second creation in civilization. The
developmental logic of the first phase relies on a truncated scientisation, in
which the claims of scientific rationality to knowledge and enlightenment are
still spared from the application of scientific scepticism to themselves. The
second phase is based on a complete scientisation, which also extends scienti-
fic scepticism to the inherent foundations and external consequences of science
itself. In that way both its claim to truth and its claim to enlightenment are
demystified. The transition from one constellation to another takes place with-
in the continuity of scientisation, but precisely because of that, changed
internal and external relationships of scientific work come into being." (Beck
1992, p. 155, italics in the original.) Beck's statement contains two aspects of
reflexivity: first, reflexivity in the sense of applying a specific way of observing
and acting to itself - in this case the scientific way to science. In the social
sciences, reflexivity is often understood in this manner (Wynne 1993, p. 323,
Nowotny et al. 2001, pp. 43-47). Second, Beck's definition also contains a
critical analysis of the impact of the use of a specific way of observing and
acting. Wynne extends the explanation of this type of reflexivity within the
context of the “public understanding of science”: "By reflexivity in this context
| mean the process of identifying, and critically examining (and thus rendering
open to change), the basic, preanalytic assumptions that frame knowledge-
commitments. (...) My interest is (...) to ask how public institutions like science
act (or do not act) as systems for reflexive learning in the sense of understand-
ing their own precommitments, so that these can be negotiated, rather than
blindly imposed on society at large or different publics within it." (Wynne
1993, p. 324.) In the present publication, reflexivity is used in this second way:

111



112

It implies a critical assessment of the assumptions and models with which TR
approaches a problem, as well as an observation of the expected and unexpect-
ed impacts of solutions proposed by TR, and the resulting adjustments that
are made. Hubert and Bonnemaire underline that this should not be
understood as the task of science alone: “This approach to 'reflexive modernity’
invites us to deal with these issues by learning to be reflexive together, that is
the people who pose the problems, those who are implicated in the problems
and those who help deal with them.” (2000, p.6; translation by A. Zimmer-
mann)

80 The concepts were borrowed from the following authors: “single and double-
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loop learning” from Argyris (1976, pp. 368-369); “muddling through”,
“adaptive management” and “sophisticated trial-and-error” from Guston and
Sarewitz (2002, p. 100); “experimental implementation” from Van den Daele
and Krohn 1998); “real-world experiments (Realexperimente)” from Hoffmann-
Riem (2003, pp. 205-210), Gross et al. (2003, p. 287) and Gross et al. (2005,
pp. 270-271); "research-intervention (recherche-intervention)” from Hubert
and Bonnemaire (2000, p. 8). For a detailed discussion of the “Reflective
Practitioner” see also Schén (1983).

Regarding this aspect, see for example: Knorr Cetina (1981), Hughes (1986),
Callon et al. (1992), Callon (1995), Hughes (1998), Nowotny et al. (2001, in
particular pp. 33-49), and Oudshoorn and Pinch (2003).

“The theoretical starting point is that research programs develop in mutual
interaction with the broad environment in which they are embedded. A re-
search program'’s success depends on the way in which its researchers connect
with the themes that predominate in the surrounding environment and the
way in which that environment accepts and consolidates the group's know-
ledge products.” (Spaapen and Wamelink 1999, pp. 11-12)

See Chen and Rossi (1980, especially pp. 115-116).

See Defila and Di Giulio (1999, p. 14), Thissen and Twaalfhoven (2001), and
Maselli et al. (2004, pp. 17-19).

Accordingly, Thissen and Twaalfhoven describe the possibilities of assessing
impacts in a broad manner: “These are criteria that relate to the possible
effects of the policy analytic activity, e.g., feeding the policy discussion, affect-
ing the policy process, affecting the decisions taken, increasing the insights into
the problem and possible solutions, improving of the problem situation, and/or
changing communication patterns and shifting the balance of power and
responsibilities among the actors involved in the problem situation.” (Thissen
and Twaalfhoven 2001, p. 629)



86 Thus, with regard to research conducted by universities, Spaapen and Wame-
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link (1999) suggest supplying a “Research Embedment and Performance Pro-

file" (REPP). The purpose of a REPP is to record and make visible specific forms

of exchange with various sectors in society. A REPP documents what texts and
funds have flown from one direction into another and vice versa, and what
interactions have taken place between actors. However, when it is elaborated,

a REPP does not go beyond the fields that are also taken into account by other

forms of evaluation (Spaapen and Wamelink 1999, especially pp. 14-19). As

a REPP does not say anything about the durability and intensity of exchange,

Spaapen and Wamelink suggest making an additional “user analysis", through

which results and the impacts of results in the different sectors are assessed.

Similar to their comprehensive understanding of project impacts, they also have

a very broad definition of “users": "When referring to use and user one tends

to think, perhaps, only of end use(r). (...) Moreover, by limiting use to end use,

one tends to ignore that much innovation is the result of many different actors
who mutually influence each other. (...) The concept user is therefore broadened
in this user analysis to include the entire field of interested parties, also known
as stakeholders. Research colleagues as well as non-funding organisations
with a general societal mission (such as the furthering of scientific research in
a particular field, for example) are here taken into account. Research is seen
here as a part of an innovation process that progresses through the interaction
of a multiplicity of actors, scientists, technicians, professionals, policy makers
and the public. A user analysis is thus a broad inquiry that encompasses, in
principle, all actors associated with innovation. This broad approach implies
that the differences between actors with respect to the nature and goal of their

involvement have to be accounted for." (Spaapen and Wamelink 1999, p. 21)

Both methods - the REPP and the user analysis - do not yet seem to have

reached a high degree of elaboration, nor are they designed specifically for TR.

What does exist are questions in the sense of checklists from the field of policy

sciences, as for example:

__"What are the linkages between the research and emerging public policy
issues? Are they numerous and solid and becoming more so? If not, why?
Who is responsible, for better or worse?

__What means and lines of communication exist between decision makers,
researchers, and other stakeholders? Are efforts in place to ensure and/or
improve such means and lines? If not, why not? Who is responsible, for better
or worse?" (Berry et al. 1998, p. 67)
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88 Regarding this aspect, see Freiburghaus (1989).

89 See Luhmann and Langrock (2003, pp. 45-47). They add: “In each case, ... knowl-
edge is checked on and formulated in a manner that adequately addresses
specific actors in a political process on the occasion of a specific event on an
agenda - i.e. delivered at a specific moment in time. The timeliness of delivery,
content and addressees (and therefore the form) of products of scientific polit-
ical advice is therefore determined by political processes or the requirements
of these processes. That is the lesson of the scientific discourse on politics.
Political science is of no use if its (‘scientific’) products are delivered in a neu-
tral form, i.e. in a form independent of event (as part of an agenda), time and
addressee; from its perspective, such products simply do not have a function.”
(Luhmann and Langrock 2003, p. 47; translation by A. Zimmermann)

9 For example, the implementation of soil conservation policy can usefully be
supported by so-called knowledge trading zones, in which new farming
methods are communicated from farmer to farmer (see Fry 2001).

9 (Rosenblum 1997)

92 (Kueffer et al. 2007)

93 The translation into English of Jean Piaget's 1970 definition of transdisci-
plinarity was graciously provided by Professor Les Smith, leading Piagetian
scholar.
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