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Abstract This paper builds on the theoretical foundation
outlined in Part I (‘The real type and ideal type of trans-
disciplinary processes: part I—theoretical foundations’)
which is included in the same special feature. Mode 2
transdisciplinarity processes are characterized as processes
that relate or integrate problem-oriented interdisciplinary
research with knowledge generated in a multi-stakeholder
approach with the objective to develop socially robust
orientations, for instance, on sustainable transitioning. In
practice, transdisciplinary processes may have different
functions (i.e., societal capacity building, consensus
building, analytic mediation, and legitimization). Practi-
tioners and scientists may follow different interests. And
we may distinguish between different types of knowledge
integration (including different perspectives, modes of
thoughts or cultures). Thus, the reality of transdisciplinarity
processes may become a very complex and ambitious
venture whose multiple objectives are difficult to realize in
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practice. This paper reviews the existing challenges,
obstacles, and constraints of transdisciplinary processes.
This review refers to 41 mid- and large-scale transdisci-
plinary studies run by members of the ITdNet at seven
universities on sustainable transitions of urban and regional
systems, organizations, and policy processes. A compre-
hensive table can be used as a checklist for identifying and
coping with constraints and obstacles of transdisciplinary
processes in practice. The discussion identifies the main
challenges for the future development of transdisciplinar-
ity’s theory and practice, including linking Mode 1 trans-
disciplinarity (i.e., the relating of disciplinary causation for
which no interdisciplinarity is possible by merging concepts
and methods) and Mode 2 transdisciplinarity, which targets
sustainable knowledge and action for system transitioning.

Keywords Transdisciplinarity - Knowledge integration -
Sustainability learning - Mode 1 transdisciplinarity - Mode
2 transdisciplinarity

Towards a practice of high-quality
transdisciplinary processes

Transdisciplinarity has found its way increasingly into recent
academic literature. However, as we pointed out in both
papers on ‘The real type and ideal type of transdisciplinary
processes’ (Part I on the theoretical foundation and Part Il on
its real-world implications), transdisciplinarity is in danger
of becoming used increasingly in an inflationary manner for
labeling any interaction taking place between scientists and
practitioners, including consultancy, participatory research,
and even interviews with practitioners. Thus, transdisci-
plinarity is in danger of losing its strength as a powerful
approach and as a third mode (supplementing disciplinarity

@ Springer


http://dx.doi.org/10.1007/s11625-015-0327-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s11625-015-0327-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11625-015-0327-3&amp;domain=pdf

654

Sustain Sci (2015) 10:653-671

and interdisciplinarity) of doing and utilizing science for
dealing with the challenging and complex real-world prob-
lems that society faces today (Zscheischler and Rogga 2015).
Future transdisciplinarity research will depend on a clear
orientation and differentiation in relation to other collabo-
rative approaches, such as a mere multi-stakeholder dis-
course or the Triple Helix approach. Naturally, both the
Triple Helix model as well as the inclusion of science in
multi-stakeholder discourses help to extend the knowledge
basis compared to purely disciplinary approaches. However,
the Triple Helix approach neither sufficiently takes into
account the potential and the specifics of the mutual learning
process and knowledge integration between science and
practice as they occur in transdisciplinarity.

As introduced in Part I (Scholz and Steiner 2015;
Fig. 1), transdisciplinary processes distinguish between
(a) problem-oriented interdisciplinary research, (b) a multi-
stakeholder discourse, and (c) the process of facilitation.
Part II of the paper provides insight into constraints and
obstacles that have to be managed if someone wants to
participate in, facilitate, or initiate a transdisciplinary pro-
cess. The discussion deals with fundamental questions such
as the added value of transdisciplinarity for science and
practice, the challenge of evaluating transdisciplinary
processes, the role-conflicts faced by participants, and
several theories of science questions that are involved in
Mode II transdisciplinarity.

Mutual learning between science and society (which
also includes policy makers and politicians as well as other
societal stakeholder groups) is considered the core of
transdisciplinarity. Transdisciplinarity acknowledges that
science and practice refer to different epistemics (i.e., ways
of knowing) and reference systems. Different reference
systems may include different modes of validation, i.e.,
what is considered as good, adequate, or false. The refer-
ence or objective of science is to develop consistent and
coherent theories and knowledge for better understanding
the complex processes of reality. Here, one may find cer-
tain scientific, methodological, or disciplinary standards.
By contrast, stakeholders (practitioners) serve certain—
partly conflicting—personal or institutional interests, roles,
and societal functions. The reference system is the success
that ideas or actions have in practice from the very per-
spective of a specific stakeholder group. The primary
objective of a company is to make a profit and to survive
on the market. Non-governmental organizations follow a
wide range of specific goals, norms, and interests, and a
main criterion for success is in what way they may attract
others to share and support these objectives and interests of
certain actors or the building of societal norms.

This is the starting point. One of the key prerequisites
for initiating a successful transdisciplinary process is to
negotiate and define a proper goal or guiding question, the
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process of answering in itself provides benefits to all par-
ticipating stakeholder groups. However, scientists must
also acknowledge that participation allows for better
understanding of complex issues or the development of
methods that may contribute to the scientific body of
knowledge (as a primary self-interest of scientists). Part I
of this paper presented different functions (i.e., societal
capacity building, consensus building, analytic mediation,
and legitimization), the main outcome (i.e., socially robust
orientations for sustainable transitioning), methods, and
organizational aspects (such as establishing co-leadership
of practitioners and scientists on all levels of a project) of
transdisciplinary processes. This part discusses and
demonstrates—when referring to a 22-year process of
running transdisciplinary studies—under what constraints
sustainability learning in transdisciplinary processes may
become reality.

After presenting the reference set of studies, we will
identify obstacles of and barriers to a transdisciplinary
process that may be encountered and that must be
addressed and managed within the context or in the initi-
ation, preparation, core, and post-processing phases of a
transdisciplinary process. When thinking through key ele-
ments and obstacles that can be experienced in the reality
of a transdisciplinary process, the reader may also better
understand the balance of high-quality scientific perfor-
mance on a broad scale and the need for methods as well as
for certain methodological issues necessary for a successful
transdisciplinary process (see, e.g., Vilsmaier et al. 2015).
In addition, the fundamentally different roles that science
and scientists take compared to more common procedures
such as applied research or models of theory—practice
interaction (e.g., the Triple Helix approach) will become
more easily understood. The discussion focuses on critical
questions, such as the added value of the theory and the
practice of transdisciplinarity compared to other models of
science—practice cooperation, the challenge of evaluating
transdisciplinary processes, the role-conflicts that partici-
pants may face, or the question of what conception and role
of science (e.g., normal vs. post-normal science) is
appropriate. The paper ends with seven propositions about
transdisciplinarity as an emerging research methodology
that, among others, identify deficiencies and priorities for
future research.

To what practice do we refer?

In the following, we focus on the Zurich 2000 conception
as a specific ideal type of transdisciplinary processes (see
Scholz and Steiner 2015, Box: Mode 2 Transdisciplinarity
in a nutshell). Here, science and practice collaborate on
equal footing which in its ideal is established by co-lead-
ership between science and practice. A transdisciplinary
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processes includes and relates (i) an interdisciplinary pro-
cess for better understanding the mechanisms, barriers,
options, knowledge gaps, etc., of a specific case of sus-
tainable transitioning; (ii) a multi-stakeholder discourse
including representatives of all key stakeholder groups, in
which the (iii) facilitation of this process is a special
challenge. A specific characteristic is that science remains
independent. Practitioners benefit from science such as
scientist may gain insights into complex real-word struc-
tures by mutual learning. From a science perspective, this
may stimulate the development of new methods, theories or
new subject-related issues (e.g., what makes sustainable
traffic). Our reference set comprises 41 transdisciplinary
studies of the International Transdisciplinarity Network
(ITdNet 2014, see Supplementary Information I). These
studies were conducted on the sustainable transition of
urban, rural, or resource systems, companies, and policy
processes, and the authors initiated or co-led 23 of them.
Most of these studies were embedded in master curricula
courses of environmental or sustainability sciences, human
ecology, geography, or interdisciplinary curricula of seven
European universities (Steiner and Posch 2006) and the
University of Stellenbosch, South Africa. All studies linked
an interdisciplinary science team and a multi-stakeholder
discourse. Thirteen studies operationalized co-leadership
(i.e., a legitimized decision-maker who participated and
took joint responsibility for the “socially robust orienta-
tions”). In seven cases, a formal agreement took place after
the initiation phase. All studies included the (legitimized)
decision-makers as primary practice partners and stewards
of the study (see Fig. 2).

If the reader wants to look at “prototypical cases”, i.e.,
studies which are closest to the ideal type, the Swiss
Appenzell studies on landscape transitioning (Scholz et al.
2006, 2002; Stauffacher et al. 2008) and on the future of
traditional industries (Scholz and Stauffacher 2007; Scholz
et al. 2003) or the Austrian Eisenerz study on the future of
an abandoned iron-mining region (Posch et al. 2005;
Steiner and Posch 2006) may serve as examples. These are
used as main references. Table 1 includes the main char-
acteristics of all 41 studies, supplemented with features we
consider to be essential.

The studies represent mid- and large-scale formats,
including approximately 6-30 scientists and 10-300 practi-
tioners. According to a pragmatic, rule-of-thumb classifica-
tion, a stakeholder classified as a study participant has to take
part in the process for at least three meetings and spend a full
day (8 h) on activities related to a transdisciplinary process.
Spending such an amount of time usually indicates that the
stakeholder shows some basic commitment.

Some transdisciplinary studies were also conducted on
small-scale projects such as a master thesis (Aronsson 2002;
Giinther 2004) or parts of a PhD thesis. We should note also

that private research institutes such as the Institute of
‘Sozialokologische Studien’, Germany, have contributed to
the theoretical development of transdisciplinarity (Jahn et al.
2012) and are facilitating transdisciplinary projects. This
may reflect that transdisciplinary studies deal with boundary
issues and that the facilitation of transdisciplinarity (see
Fig. 1) may become professionalized.

What obstacles do we encounter at which stages
of a transdisciplinary process?

The review and discussion of obstacles, challenges, and
constraints refers to (C) the context and to the (1) initiation,
(2) preparation (3) core phase, and (4) post-processing
phase (see Table 1).

Context

When facing a complex, societally relevant problem that
may provide a potential starting point for a transdisciplinary
process, the first critical question is whether the situation or
case is suitable for a transdisciplinary process. If we
exclude states of war and rapid emergency management, the
first question is whether the context endorses a successful
transdisciplinary process. Transdisciplinarity is closely
bound to the conceptions of modern, liberal communication
and role model (Habermas 1996) that underlie Western
democracy. This communication includes not only an open
interdisciplinary discourse but also, in general, questions of
values, morality, jurisprudence, economic rules, etc. Thus,
the cultural and political system (see C1.1 in Table 1) and
the discourse structure (C1.2) constrain the transdisciplinary
process. For instance, a transdisciplinary process in China
failed because the Chinese stakeholders obviously could not
participate in a process in which a critical picture of a
wastewater management system and a bottom-up, stake-
holder-driven process would have resulted (Huang et al.
2007). Furthermore, there are settings such as emerging
formal settlements of cities in developing countries where
there are no legitimate decision-makers for residents (van
Breda et al. in press) or where criminal (drug) clusters pre-
vent dialogues by arguments.

The roles that scientists and practitioners are taking
(C1.3), self-perception, and expectations of others are
important issues. For instance, the common model for a
natural scientist is not to promote a discourse culture. This
may be illustrated by the phrase “we should stop talking
and start working”, which has been repeatedly expressed
by natural science students and researchers who expected a
clear task and problem definition and were not used to
defining objectives through discussions.

A very important aspect is to analyze, evaluate, and
finally decide whether a real transdisciplinary process and a
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Table 1 Obstacles within the transdisciplinary process

C Context/general

Phase

Issue

Obstacles

C1 Societal
preparedness for a
transdisciplinary
discourse

1. Initiation
1.1 Initial idea

C1.1 Cultural conservatism Preparedness of a society and
a political system to accept the risk of a change

C1.2 Discursiveness/societal structure and its
stratification Does the society appreciate/allow for an
open discourse with various stakeholder groups?

C1.3 Role models Are the roles between scientists and
practitioners differentiated? Are scientists/participants
allowed to make commitment to have limited
knowledge? May participants switch from positions to
interests? (Fisher and Ury 1981)

C1.4 Protected discourse arena Is the discourse arena
considered as a protected arena which promotes
learning/thinking; is the rule “all information is handled
in a way that it may not be assigned to a single person”
guaranteed and believed by the participants? What is the
consequence of deviant behavior?

C1.5 Cooperative learning and motivation Balance
between consensual and competitive; accepting the
otherness of the other (gender, ethnic group, religion,
age, language, etc.)

C1.6 Self-perception and expectations The stakeholders’
self-perception (what is my role in a transdisciplinary
process, what may/should I provide, what may the
others provide, in what way may the system change) has
to be compatible with the requirements of a
transdisciplinary process

C1.7 Reflexivity Acknowledging the domain-specific
superiority of different types of epistemics

C1.8 Institutional support Does the transdisciplinary
process receive sufficient institutional support from the
science side and organizations of the key stakeholders?

C1.9 Non-(day-to-day) politicized discourse Though
transdisciplinary discourses may deal with politically
highly contested issues (and day-to-day issues), the
participants are asked not to deal with arguments from
the day-to-day political agenda

C1.10 Pre-competitive issues If economic issues are
addressed only dialogues that deal with early stages of
development are possible

1.1.1 Choice of system and topic Does the goal of the
scientists/practitioners who pop up with an idea
necessarily ask for (the high) investment of a
transdisciplinary project/process? For scientists: is a
new scientific new issue dealt with? Is the scientific
innovation defined?

Does society allow to change social rules (farming
practices, gender interaction, etc.)

Non-democratic, totalitarian structure, arguments are
primarily valued according to the position of the sender

Scientists are considered as omnipotent; scientists
(primarily) follow their personal political value system
and/or want to become decision-makers; practitioners
(“local researchers™) are considered as scientists

The project leaders are not credited to be trustworthy (to
guarantee the protected discourse arena). Participants
may just misuse the participation to get better
information about others (sit in and listen). No trust-
building methods (small-group meetings, in-depth
interviews, game-like personal encounters) are applied

African, Asian, and European farmers have differently
formed cooperative motivation and forms of learning;
aggressive yellow press or ‘destructive agents’ may
harm the building of motivation

Inconsistencies in expectations regarding underlying
problems as well as objectives and overall vision are
unavoidable, but can be dealt with if they are made
visible

One type of reasoning/causation (analytic or intuitive,
experiment vs. survey, etc.) is considered to be superior
for all activities

The benefits of transdisciplinarity have to be understood
by universities and science organizations and the leaders
of public agencies and organizations, industry, etc., as
well as from practice organizations; the image of
transdisciplinarity (being “trans”) may harm

No (explicit) rules are found which prevent that the
discourse gets stuck to mere antagonistic (‘position-
based’) reasoning. No method to transfer “non-go”
issues to semi-abstracted representations of an issue are
found

Do not focus on technological but rather on legal framing
and social prerequisites of technology innovations

The project is dealing with a no-problem problem. The
selected case/the problem is not sufficiently ill-defined
to justify the expenses of a transdisciplinary process for
some key stakeholders
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Table 1 continued

C Context/general

Phase

Issue

Obstacles

1.2 Building
partnership

2. Preparation

2.1 Problem
definition

1.2.1 Co-leadership Leadership, responsibilities. Is the
legitimized decision-maker willing to take co-
leadership?

1.2.2 Added value Clarify the benefits for all participating
stakeholders. Clarify what new knowledge with respect
to the topic, methods, or transdisciplinarity the project
wants to generate

1.2.3 Accepting the otherness of the other Are the
differences in culture (incl. religion), history, and
interests of the scientists and of the different
stakeholders explicated and accepted by the
participants? Scientists have to write papers,
practitioners have problems

1.2.4 Including unconventional thinkers Including
forerunners and out-of-the-box thinkers is important to
successfully cope with ill-defined problems

1.2.5 Rules for emergency/exit scenarios In case of
conflict, usually the project leaders are responsible for
mitigation

1.2.6 Contract on rights, responsibility, and data
Scientists normally get access to sensitive personal,
institutional data that only should be conveyed to few,
trustworthy people. What are the rules for utilizing data
or findings on contested issues in and after the project?

2.1.1 Joint system/problem discovery Guarantee that the
scientists know the real-world system sufficiently well.
Induce experiential case encounter

2.1.2 Guiding question Does the process of joint problem
definition allow to ratify a consented guiding question
which represents the interests of science and practice in
a balanced way?

2.1.3 Faceting the case/problem (i.e., structuring) The
complex system has to be embedded in a proper
“conceptual grid” which allows investigations that
provide satisfying answers to a guiding question

2.1.4 System boundaries Are the system boundaries
(physically and conceptually) appropriate for the
guiding question?

2.1.5 System model The study and guiding question
should be based on a joint system model which is shared
by scientists and practitioners. The system model may
serve for the organization of the process see (2.3)

2.1.6 Communication/shared language In order to avoid
misunderstandings within the discourse process a
common/shared language is needed; this concerns not
only the communication between scientists and
stakeholders, but also between different disciplines

The issue/topic is overly contested/politically
contaminated. Scientists and practitioners do not
acknowledge different value systems (even if they are
compatible with human rights and national
constitution); the co-leaders from practice are not
formally legitimized or not informally accepted by all
stakeholders

No tangible incentives for practitioners and for scientists
are provided. Scientists and practitioners have to define
and to communicate their interests and desired
outcomes

Practitioners do not sufficiently acknowledge the research
process (e.g., by providing data for science purposes).
Scientists or not willing to fully collaborate with key
stakeholders who have diverging political, commercial,
and personal interests

Unconventional thinkers are considered as nutcases who
destruct discourses; no proper processes are found to
include these people/groups/organizations

No rules and scenarios for a potential pre-exit are
discussed (i.e., for ending a project before its presumed
date of completion)

The key participants (at least the co-leaders from science
and practice) should sign a contract including the
guiding question, the responsibilities, break-off rules,
access to data, and utility- and property rights

A direct “system encounter” is abandoned as the study
team supposed that they know “how an issue
functions”. No methods such as Experiential Case
Encounter (Scholz and Tietje 2002) are applied;
scientists do not experience the ‘real’ problems; no
creative thinking is prepared

The guiding question is not well thought through,
consented, agreed upon, and thus gets lost or shifts in
the course of the transdisciplinary process

The faceting (building of subprojects) is insufficient; no
detailed causation (explanation, see Fig. 4) becomes
possible; the faceting is too specialized and is
insufficient for a synthesis with respect to the guiding
question

Important aspects, parts of the system are not included;
the temporal, physical, and social layers of the system
are not well defined

No (cognitively) salient models (such as supply—demand
chains, material flow charts, system dynamics
models/mind maps, up to deep pictures, and storyboards
(incl. persons)

Domain-specific language and scientific terminology may
be counterproductive for developing a shared
understanding of a complex real-world problem
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Table 1 continued

C Context/general

Phase

Issue

Obstacles

2.2 Project planning

2.3 Organization

2.4 Resources

3. Core phase

3.1 Stakeholder
(public at large)
involvement

2.2.1 Start with the synthesis Follow the principle of
backward planning and the satisfying principle (the goal
is to acquire a minimum amount of information which is
sufficient to provide a satisfying (Wiek and Walter
2009) answer to the guiding question

2.2.2 Define a project end Clearly define when, how, with
what products for whom the project will be ended

2.2.3 Methods of knowledge integration Methods for
system representation, system projection, system
evaluation, for the five aspects of knowledge integration
(Scholz and Steiner 2015; see Fig. 4) and for overall
synthesis have to be selected

2.2.4 Consented time schedule The schedule has to fit to
fit to the needs of practitioners (e.g., farmers crop cycle,
politicians) and scientists

2.3.1 Organizational chart The responsibilities and
involvement of science and practice as well as the
project structure (system model/facets) should best
become visible in a double-wing organizational chart

2.3.2 Stakeholder pre-selection Who should be ideally
targeted in an actor analysis

2.3.3 Physical separation Are the members of the case
study critically separated?

2.4.1 Financial resources planning The financial,
material, organizational, spatial and human resources
reliably have to be transparently assessed at the
beginning of the project

2.4.2 Personal fluctuation Large-scale and long-term
processes ask for emergency scenarios if key actors
leave the system

2.4.3 Career constraints Does the participation in the case
study support the participants’ professional careers?

2.4.4 Confidentiality and trustworthiness Are there rules
which support a “protected discourse arena”?

3.1.1 Collaborative stakeholder identification and
selection What stakeholders and scientists have to be
involved to develop sufficiently good outcomes

3.1.2 Joint system representation Is there a jointly
understood language/representation?

3.1.3 Stakeholder ownership Do stakeholders take
ownership about the case study by co-authorship,
presenting the study as their own study, etc.

The project team has not the experience or sufficient
cognitive and management abilities to design a forward
operating project plan based on a guiding question
which includes key elements such as evaluation criteria,
participating stakeholder groups, system variables, and
boundaries

The results ask for post-processing and double science-
practice peer review, participants may become
disappointed because they expect results too early

Not enough attention is paid to the prerequisites of
applying the methods which may ask for special method
knowledge and time for applying (which will be saved
later by easier interpretation and consensus building)

Scientists are not available at the time when stakeholders
are available. The science team is not willing or able to
adjust to the schedule of the practitioners?

Not enough resources are available to include all key
stakeholders, in particular, for the subprojects (some
parts of the study do not meet criteria of
transdisciplinary project management)

Stakeholder involvement follows just snowball (chain
referral sampling)

The internet-based online communication is not fail-safe
enough, the numbers of physical meetings with
stakeholders is too low

Rapid changes of the schedule may not be followed by
proper financial flows and not enough money for the
project is available in time? Industry financing is
vulnerable with respect to personal changes in industry

Longer (multi-year) transdisciplinary processes are
endangered if they do not include a multistage research
plan

The project team forgets to negotiate, formulate, and
communicate these rules and does not ask participants
to sign them

The project team is forgetting to negotiate, formulate,
communicate and ask for signing these rules to or by all
participants

The project does not conduct a formal/method-driven
actor analysis on what representatives with what
relevant expertise and “stakes” should be involved? By
what method are the stakeholders elected? (Reed et al.
2009)

There is no common representation such as a flow chart
which is seen as the common core representation;
people who join the project later often have severe
difficulties to consider the transdisciplinary process as
“their project”

Formal means of supporting acquiring stakeholder
ownership by co-leadership, communicating joint
responsibility to the public, etc., have been not used
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Table 1 continued

C Context/general

Phase

Issue

Obstacles

3.2 Methods

3.3 Communications

4. Post-processing

4.1 Outcomes

4.2 Dissemination

4.3 Evaluation

3.2.1 Selecting methods A transdisciplinary process needs
methods of knowledge integration, system
representation, scenario construction (scenario)
evaluation; the synthesis strategy should be consented

3.2.2 Selection of scenarios, evaluation perspectives, and
evaluation criteria The question of what scenario should
be evaluated by what stakeholder groups, what
evaluation criteria are chosen, what material flows
should be focused should be jointly reflected and
decided by scientists and practitioners

3.3.1 Public relations During the core phase, the public
may be informed about the process, but not about the
results as these have to be checked at the end of the
process and have to be consented/checked by the
participants

4.1.1 Integrated functional system model Knowledge
about the facets (i.e., subsystems; see 2.3.1;) have to be
checked and integrated by quantitative and qualitative
methods; the system model should be a coupled human—
environment system model (e.g., including flows and
actors)

4.1.2 Socially robust orientations Elaborating jointly
elaborated and agreed “socially robust orientations”
among scientists and practitioners; knowledge
integration may be supported by formal methods

4.1.3 Double peer review of results/orientations The
reports about the study as well as the scientific papers
ask for peer review from science and practice

4.1.4 Scientific papers Papers may be published on the
(i) issue dealt with (e.g., sustainable vegetable
production), (ii) the process (e.g., the farmers’ learning
in a transdisciplinary process), or (iii) about the
methodology of transdisciplinary process

4.2.1 Joint communication of results There are various
ways of communication: one is the public media,
another a report and network activities/meetings to
convey the main results to key stakeholders

4.3.1 Outcome evaluation The outcomes, i.e., what has
been learned and what has been changed should be
determined/measured. The results need double reviews
from practice and science

The specific expertise, sufficient time and resources for
applying core methods are not applied

The co-leader and the steering board do not have acquired
sufficient insight in how the methods work (Scholz and
Tietje 2002) and, thus, are not interested or capable of
integrating various types of knowledge meaningfully

Both, the principles of a protected discourse arena and
principles of research do not really allow for
transmitting preliminary results; however, the public
media may ask for preliminary results

People are interested in information which is easy to
digest, thus the presentations rather tends to report
single (variable) outcomes from the study or subprojects

The joint development of socially robust orientations
(which also include a priority of actions and policy
means) is not conceived as a separate phase among the
participating key stakeholders and scientists that
supplements report writing

The peer groups (scientists, participating stakeholders,
public at large), form (e.g., printed vs. web) and
function (documentation, learning, promoting action,
etc.) are not sufficiently defined

Scientific journal papers do not allow to write papers
which combine (i) to (iii) because of volume and
readership interests

The project leaders have to deal with the tradeoff that the
public may want the results early, whereas the
valuation, interpretation and integration of results and
science review takes much time

It is difficult to (objectively) assess whether decisions are
made because of the transdisciplinary. It is challenging
to go beyond face validity (i.e., to apply formal
methods)

protected discourse arena can be developed. The cultural
dimension here interacts with the contestedness and the
reflexivity of the stakeholders. If we look, exemplarily, at
nuclear waste disposals, there may be only a few countries
in the world in which the nuclear power industry and anti-
nuclear activists might join a protected discourse arena
(Cl1.4) and cooperative learning might be developed
(CL1.5). However, this has been possible in Switzerland and
Sweden (Scholz et al. 2007, 2009). The Swiss-Wellenberg
study aimed to find a policy process (not a technical

solution) for nuclear waste disposal that would be accepted
by most residents. The Canton (i.e., state) of Nidwalden
had declined an underground repository after fierce, highly
emotional, and, obviously, non-functional policy processes.
In this transdisciplinary study, no co-leadership with
legitimized decision-makers could be established for a
multi-stakeholder process. In the Wellenberg case,
although the president and all ministers were personally
interviewed in the initiation phase, the government of
Nidwalden refused the call for co-leadership. Thus, a proxy
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co-leadership formed by a former state president and the
current female chairman of the parliament took this role.
The case also provided an extreme example, even in a
highly democratic country such as Switzerland, of the
difficulties of building a protected discourse arena. Fur-
thermore, presumably a hundred or more telephone inter-
views and more than 40 individual meetings were needed
to receive commitment from the two proxies (see above) to
participate in meetings of the multi-stakeholder discourse.
The contestedness of this case is highlighted by the fact
that many participants entered the meetings secretly via a
back entrance. Written rules of the protected discourse
arena were distributed at the meeting and everyone
involved was required to explicitly agree on them.

The initiators of a transdisciplinary discourse have to
thoroughly consider whether the social system allows coop-
erative learning to take place and, if so, under what constraints
(C1.4 and C1.5). Self-perception and expectations (C1.6) as
well as reflexivity (C1.7) are important constraints. This holds
true both for practitioners and scientists. Statements by
industrial practitioners, such as, “My task is to produce and to
sell carpets and not to think about the future of my home
village” correlate closely to statements by researchers, such
as, “I am a scientist and have to write papers and am not paid
for participating in a transdisciplinary process.” The latter also
reflects institutional constraints (C1.8). One can also find
practitioners and scientists who understand and appreciate
transdisciplinary processes. However, based on lack of
knowledge or for other reasons, the institution may not (suf-
ficiently) support a planned project.

Though transdisciplinary processes deal with pertinent
and pressing problems, for example, day-to-day issues such
as the development of a certain town’s environmental
pollution or resources management or value-related issues
such as animal or landscape protection, there are various
reasons why the study should not deal directly with day-to-
day politicized issues (C1.9). Practice shows that one may
deal with the problem on a slightly abstracted level or
shifted perspective. If, for instance, the public and private
key stakeholders participate in mediation on how a
brownfield might be remediated and developed, a trans-
disciplinary process might build agreement on what prin-
ciples and direction a remediation or master plan should
take. However, the full description and negotiation of the
details that may have to precede a vote by a municipal
parliament is not a subject for a transdisciplinary process
(see Scholz and Tietje 2002, p. 223).

Beyond the general issues and related obstacles which
refer to a society’s preparedness for a transdisciplinary
discourse, authenticity is crucial for transdisciplinary pro-
cesses at various phases, from defining the guiding ques-
tion to a joint dissemination (4.2) and evaluation (4.3) of
the outcomes of the transdisciplinary effort. Particularly,
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this encompasses an authentic co-leadership, which is also
part of building partnership (1.2); the acceptance of the
otherness of the other, which is not only important for
societal preparedness (C1); and sufficient incentives and
values as drivers to participate over the full transdisci-
plinary process (1.2.2).

Initiation and preparation phase

In any project, the initiation and preparation are the most
important and delicate phases. Usually, the knowledge
about a system is at its lowest point, and the likelihood of
making errors is at the highest level, and fundamental
mistakes in either phase have a low chance of correction. In
many of the ITdNet projects, the initiation and preparation
took 6-24 months, whereas the core phase took only
3—6 months. For the authors, the building of co-leadership
among practice and science at all levels of the project
(1.2.1) is the most crucial feature. Yet developing a con-
sensual vision and a proper guiding question (1.1.1, see
also Fig. 2) together with the challenge of identifying and
sketching added values (1.2.2) for all stakeholder groups
are similarly important. This often is linked to thinking
about variants of objectives and systems.

Usually and in many projects, the basic rules of com-
munication (see also C1.4 and C1.9) and of the process are
negotiated and become fixed. These include that different
roles and divergent opinions related to an issue are to be
accepted (1.2.3), as long as they follow basic rules of society
(such as a national constitution or the principles of human
rights). Sustainable transition often calls for out-of-the-box
thinking and thus for properly including unconventional
thinkers (1.2.4). Special rules have to be established for
crisis management, e.g., when certain participants violate
these rules. A highly sensitive aspect of the initiation phase
is the access to data that are generated in the transdisci-
plinary process. Some data may be personally, economi-
cally, and/or politically sensitive. The ownership of the data
must be clarified (which is different to contract-based
research) as well. Further, access to the data once the study
ends is an important issue. In an intercultural study with
various ethnolinguistic groups of the Maya, the science team
had to agree that because of the basic rules and the endan-
germent of their culture, the council of Mayan elders had to
decide after a ceremony (when reading the signs of the Lord)
whether some data (on interview) should be published. This
is an example of genuine uncertainty about access to data in
a transdisciplinary process.

The transdisciplinary processes of the ITdNet were
framed as projects (and not as, e.g., initiatives). Thus, they
were temporary, and the general rules of project manage-
ment were applied. The reality of an effective, realistic
transdisciplinary process includes representatives of all key
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stakeholder groups in a process of joint problem definition
(2.1.1) enriched by experiential case encounters for those
who lack sufficient system literacy; an explicit description
of a guiding question (2.1.2), which is “visible” (such as an
identity card) throughout the whole process; and a faceting
of the case from which workable subprojects are defined
become possible (see Scholz and Steiner 2015; Fig. 3),
whose results may be integrated for deriving a satisfactory
answer to the guiding question. Based on these, the system
boundaries may be defined (2.1.4), and a system model
may be developed that needs to be understood and shared
by all key stakeholders. The model of a supply—demand
chain (Scholz et al. 2014, p. 47) or an actor-based material
flow model (Binder et al. 2004) might serve as examples.
For all these activities, a joint language that can be
understood by all participants is a necessity (2.1.6).

We learned very early that project planning must start by
identifying what knowledge has to be integrated and how to
develop socially robust orientations that can be related to the
guiding question (2.1.2). This calls for defining the outcomes
and products of the project (2.2.2) and carefully choosing or
developing methods of knowledge integration (2.2.3). A
highly critical issue is agreeing on a time schedule, as the
agenda of the key stakeholder groups and that of the scien-
tists may essentially differ. The organizational chart is
another page of the identity card of a transdisciplinary pro-
cess. Many of the organizational charts have two wings, a
practice and science one, a leadership level including project
leaders, steering board and advisors, and a sub-project level
including practice and science leaders on the levels of
facets/subprojects of the projects.

The process is based on financial and personal resources
(2.4.1 and 2.4.2). The challenge of personnel fluctuation is
part of emergency management. In particular, in multi-year
projects, external (industry) funding may depend on per-
sonnel fluctuation and may result in projects being shortened.
We often experienced that if a practice (or science) leader is
departing, his or her successor may hesitate to take on the co-
leadership role for various reasons. In any case, the personal
incentives have to be critically examined also with respect to
the career interests on both sides, practice and science (2.4.3;
see also C1.4). The start of any transdisciplinary process is
based on personal confidentiality and trustworthiness
(2.4.4), which are often attained through informal processes.
Who the proper persons are for a transdisciplinary process is
usually (untidily) assessed by informal, snowball-sampling-
based assessment but may also be more broadly conducted.

Core phase
Many issues of the initiation and preparation phase are

(spirally) repeated in the core phase. These include col-
laborative stakeholder identification and selection (3.1.1),

and the need to choose a language for joint problem rep-
resentation (3.1.2). In practice, the identification of the
stakeholders is usually a blend of top-down and bottom-up
procedures. For example, after specific stakeholders were
already selected as part of the joint development of a
system model (2.1.5), an extended stakeholder identifica-
tion might occur in a consecutive next working step as
well, because involved stakeholder groups may suggest
others, followed by a snowballing process. At best, stake-
holders should consider themselves to be (responsible)
members of a transdisciplinary project/process (3.1.3).

In practice, we can find many transdisciplinary studies that
have used formative methods such as area development
negotiations (applied in Scholz and Steiner 2015; Fig. 4),
material flow analysis, supply chain analysis as a basic method
of system integration, and knowledge integration (3.2.1).
Other projects have developed complex models of integration
(see Supplementary Information) that resemble Figs. 1 or4in
Scholz and Steiner (2015) and go back to the Brunswikian idea
of knowledge integration by bootstrapping cues (Karelaia and
Hogarth 2008). The project management faces a tradeoff
between using these methods (which may not properly include
the most salient and innovative issues) and less structured
proceedings (which has a high risk of ending up with seem-
ingly arbitrary conclusions). An important issue is that the key
stakeholders who have participated in problem- and system
definition are or become sufficiently literate regarding meth-
ods and various opportunities to bring in their knowledge and
experience for, e.g., constructing and evaluating future sce-
narios (3.2.2). One may consider this as a prerequisite for the
stakeholders’ active participation in the process of knowledge
integration and formation of socially robust information in the
post-processing phase (see 4.1.1-4.1.2).

Communication during the core phase is sandwiched
between receiving public attention (i.e., receiving as much
social impact as possible) and the rules of a protected
discourse arena and solid scientific and project work that
allows for the release of the results after all the work,
including a critical review (from both practitioners and
scientists), has been accomplished. A first communication
of results usually takes place at a closing event in which
preliminary first results are publically communicated and
the media provide the initial information about the
expected outcomes.

Post-processing

Much work, which may last between 6 and 18 months, has
to be done after the termination of the core phase. In
general, we may distinguish between an improvement of
the system knowledge (4.1.1) and the generation of socially
robust orientations (4.1.2). As mentioned in Part I of this
paper, the new knowledge is part of capacity building
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whereas socially robust knowledge includes consensus
building which may be considered as a component of the
formation of social norms. The key stakeholders may be
motivated to take new options, to rethink strategies, or to
be confirmed in their actions. Swiss railways stopped
selling their hydropower plants after the results of the
dynamic and uncertain prices and impacts of cheap fossil
energy were elaborated (Scholz et al. 2001). Or a pre-
alpine community launched a new, large-scale, farming-
oriented family holiday village right after the termination
of a case study (Scholz et al. 2002). Though case agents
might be convinced that these decisions could be attributed
to a transdisciplinary process, there is yet no scientific
method that allows one to quantitatively assess the impact
of a transdisciplinary process (4.3.1). There are also rela-
tively few thorough evaluation methods. However, Walter
et al. (2007) applied the statistical mediation technique to
show that stakeholder capabilities are fostered by partici-
pating in a transdisciplinary process, and Njoroge et al.
(2015) took a classical control-group design approach to
show how much Kenyan smallholder farmers’ yields were
improved by a transdisciplinary process.

Naturally, the dissemination of the findings is part of the
post-processing phase. On the practice side, this is done by
the key stakeholders who participated. Thus, from a sci-
ence perspective, there is no need to implement the results
in practice. The practitioners are also strongly involved or
co-authoring the project report based on a double practice—
science review.

Finally, as common for an academic paper, there are
multiple outcomes for science. Students as well as junior
and senior scientists can learn a lot, collect data, and gather
multiple scientific findings about theory and practice col-
laboration, complex project and system management,
transdisciplinary processes, and the topics and issues with
which they have been concerned. The presumably most
efficient study (considering publications) produced two
case-study books (for the public) and four scientific papers
in highly ranked journals. Several industry-based research
projects followed and 38 master’s degree students gained
an average 16 credit points each, which may be considered
equivalent to about a fourth of a 2-year master’s program.
Whether or what groundbreaking knowledge has been
gained and what pioneering decisions of the practitioners
were factually made is difficult to assess and finally would
call for a thorough case-based analysis.

Discussion
With the focus on transdisciplinary processes which are

applied to complex real-world settings, we identified a set
of generic key obstacles that were identified when pursuing
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41 mid- and large-scale studies. Small-scale transdisci-
plinary processes, for instance, a master’s degree thesis
with time and financial constraints, are not discussed and
may call for specific adaptations. Factually, there have
been very few successful studies of transdisciplinary pro-
jects that have been run independent of mid- or large-scale
transdisciplinary processes (Giinther 2004).

From a methodological perspective, this review and
discussion are based not on an “independent observation”
but rather originate from reflecting and reporting on two
decades of experience in initiating, planning, participating
in, co-leading, observing, and appraising transdisciplinary
research, which supplemented and sometimes comple-
mented the basic and applied disciplinary research of the
authors.

The discussion does not follow the course of transdis-
ciplinary processes. We organize it around seven funda-
mental, critical, and pivotal questions that have shaped
many instructive and, often, exit discussions among pro-
ponents and opponents of Mode II transdisciplinarity.

What is the added value for science and practice
for engaging in transdisciplinary processes?

The proof of added value is basic for both (i) motivating
stakeholders to invest in and to participate in transdisci-
plinary process (see Table 1, 1.2.2) and (ii) convincing
universities, the public, and funding organizations that
something additional may result that goes beyond classical
“science shops” (Leydesdorff and Ward 2005) that focus
primarily on knowledge transfer for (alternative) citizens’
questions and empowerment as well as a community-based
economy.

Our opinion is that, given a socio-political context that
allows for transdisciplinary processes, it is not difficult to
motivate representatives from public institutions and
industry (e.g., owners of brownfields, land, or farms) to
participate and to take co-leadership if there is a tangible,
(ill-)defined problem that they want to master and if there is
a strong, legitimized decision-maker. Further, scientists
might show practitioners how they can benefit from
learning and accessing new subject knowledge, methods,
and methodologies about how to approach such a problem.
A prerequisite for this is that the science team has sufficient
knowledge and methods in their tool kit to complement
what practice has to offer.

Let us illustrate this with several examples of benefits
for industry and public authority partnerships. Swissnu-
clear (a subgroup of the association of large Swiss electric
power companies known as Swisselectric), which is also
responsible for nuclear waste management (together with
NAGRA, a company-owned cooperative), had developed
technical solutions for depositing nuclear waste (see case
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study No. 15, Supplementary Information I). However, the
Swiss nuclear industry was missing the conception of a
policy process on site selection. The organization had
insufficient knowledge about how the conception and how
the risks as well as the safety of the underground deposits
might be communicated, and how a multi-stakeholder
discourse should be framed. Here, transdisciplinary pro-
cesses became attractive. A prerequisite for a partnership
was that the state-of-the-art engineering knowledge about
nuclear risk assessment (Junker et al. 2008) and psycho-
logical risk perception were available in the science project
team. Swissnuclear and the Swiss process on nuclear waste
disposal management benefitted by gaining knowledge
about what decision processes are preferred (Kruetli et al.
2012) and how the risk perception looks like (Krutli et al.
2010; Moser et al. 2012a, b, 2013; Scholz et al. 2007).
The Global TraPs (Global Transdisciplinary Processes
on Sustainable Phosphorus Management) was the first,
global-scale transdisciplinary, industry-based study on
resources management (taking phosphorus as “a learning
case”) and included representatives of all key stakeholders
of the supply—demand chain that served as a basis for a
comprehensive system model. Thus, a wide range of
stakeholders from mining companies, fertilizer producers,
and farmers to UNEP, FAO, and Greenpeace participated
(Scholz et al. 2014, 2013). The leaders of industry asso-
ciations, e.g., the directors of the International Industry
Fertilizer Association (IFA), were facing a couple of
challenges, including conflicting views (in science and
among science and industrial actors) on the scarcity of
phosphorus, slow technology development for improving
the quality of fertilizers, and the discussion about envi-
ronmental threats. One of the outcomes of the Global TraPs
project was that 51 people (as part of the whole project
team)—among them 18 practitioners ranging from phos-
phorus mining companies to the US Geological Survey to
Greenpeace—published a comprehensive system analysis
titled “Sustainable Phosphorus Management: A Global
Transdisciplinary Roadmap” (Scholz et al. 2014b). This
system analysis can be used for developing policy options
for changing phosphorus flows. The scarcity discussion
was vitalized and enhanced by a scientific contribution in
high-ranking journals. This “phosphorus scarcity hypoth-
esis soon” has been rejected by thorough analyses
including industry knowledge (Anonymous Referee #2
2014, 2014; Cook 2014; Edixhoven et al. 2013, 2014,
Hilton 2014; Scholz and Wellmer 2013, 2014). Conflicting
assumptions, misperceptions, and errors underlying certain
(premature scientific) modeling efforts and transdisci-
plinary resources system knowledge became evident.
Almost all, if not all, of the co-leaders and key players
involved in the reference studies have been highly satisfied
(if we refer to the oral feedback or the statements on

prefaces of the reports). However, the possible outcomes in
regard to what would not have happened without a specific
transdisciplinary process are difficult to assess. Often—and
we believe that this happens in any case study—key stake-
holders claim that a certain action would not have taken
place without the transdisciplinary study, but this is scien-
tifically impossible to prove on the basis of a single case.

What do cost efficiency and evaluations
of transdisciplinary processes look like?

The evaluation of transdisciplinary processes is a special
methodological challenge. Most studies are single and
multiple case studies. Thus, in the language of statistics, we
speak about one observation or about a few replications of
inhomogeneous entities that do not allow for statistical
hypotheses testing.

However, there are several—rarely applied—options for
using inferential statistics. The capacity building of the
participants of the above-mentioned Appenzell study was
evaluated when adapting the statistical mediation technique
(Baron and Kenny 1986; Preacher and Hayes 2004). The
enhanced decision-making capacity (as the outcome or
predictor variable) was related to the procedural and pro-
duct-related involvement of the stakeholders (called out-
puts, such as the number of hours spent in a
transdisciplinary process) and theoretically assumed inter-
mediate effects (such as acquiring additional system
knowledge and changing environmental values). This sta-
tistical method proved that network building and transfor-
mation knowledge significantly increased as a result of
stakeholder participation (Walter et al. 2007). Another
option involves a kind of lead indicator of the success of a
transdisciplinary process, and one may embed a statistical
design in a transdisciplinary study. This is the key idea of
Lewin’s experimental action research and was applied by
Njoroge et al. (2015) in a transdisciplinary study on
improving smallholder farming in Kenya. Here, the yield
(measured in kg maize) was taken as a performance vari-
able, although capacity building of stakeholders certainly
had to be conceived from a much broader perspective.

The economic efficiency of a transdisciplinary process
also matters. In some of the mid-sized ETH-NSSI case
studies, the expenses of the scientific team and the salaried
costs of practitioners’ and scientists’ working hours were
assessed. Here, the results were often in the low seven
digits in USD. Naturally, we are facing an allocation
problem, as the study included teaching (e.g., approxi-
mately 600 student credits, equal to about five 2-year
master’s degree programs), equivalents of various research
papers, and strategic planning on the side of the practi-
tioners. However, the cost efficiency of transdisciplinary
studies may deserve more attention in the future.
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What is the added value of transdisciplinary
processes compared to other conceptions
that promote the interface of science and society?

Transdisciplinary studies include elements of participatory
research and resemble some forms of action research or ‘real
experimentation’ (Schneidewind and Scheck 2013) and
some forms of participatory (strategic) planning. Thus, a
critical question is what makes transdisciplinarity unique.
We suggest that the phrasing from science for society to
science with society (Scholz and Stauffacher 2009) by
mutual learning among science and society (Scholz 2000),
based on knowledge integration by means of quantitative
and qualitative methods (Scholz and Tietje 2002) for de-
veloping socially robust solutions (Gibbons and Nowotny
2001) by capacity and consensus building among all key
stakeholder groups (Scholz and Tietje 2002, Susskind et al.
1999) for coping with ill-defined problems may not apply to
any other methodology. We argue that such a methodology
is needed to identify sustainable transitions that target re-
silient, coupled human—environment systems (Scholz 2011;
Seidl et al. 2013). Here, the environment includes the
material-biophysical-technological systems as well as bio-
physical and socio-cultural systems. We note that ill-defined
problems (usually) do not allow for solutions but rather
transform problems. Thus we speak about socially robust
orientations instead of solutions (see Part I of this paper).

A vision of discipline-based interdisciplinary processes
in transdisciplinary processes (Schaltegger et al. 2013;
Scholz 2011) for supplementing the systems of other forms
of knowledge production is crucial. Factually, transdisci-
plinary processes call for the creation of new forms of
institutions, such as a transdisciplinary university (Jantsch
1970) or a college of transdisciplinarity (Scholz and Marks
2001). Coping with complex, real-world problems in this
Anthropocene age requires a broader institutionalization of
these processes. Unfortunately, this vision yet has to be
elaborated based on these factors.

Do transdisciplinary projects create a new type
of legal entity?

Mode II transdisciplinary processes deal with tangible, real-
world problems. Inappropriate priority settings, dysfunc-
tional orientations, or wrong actions or solutions may result
in the accountability, responsibility, or damaged reliability
of scientists, or even their culpability if stakeholders claim
that these erroneous or ineffective actions or errors have
resulted from scientists’ recommendations. The tangible
issues in the reference set range from new zoning regulations
allowing/forbidding some new houses as a follow-up to an
urban study (Scholz et al. 1996) to a national railway com-
pany’s decision to sell hydro-water plants and switch to
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cheaper, coal-based power (Scholz et al. 2001) to the elab-
oration of methods for determining the placement of a
nuclear waste-disposal facility (Scholz et al. 2007). Here, the
distinction of roles, e.g., between legitimized decision-
makers and scientists, is important (see Scholz and Steiner
2015; Fig. 2).

The delicate legal status may also be reflected by the
difference between recommendations and orientations.
Recommendations are the product of consultancy and—
depending on the national law and contractual status—an
advisor may become liable for his recommendations. This
is why many investment organizations do not provide
recommendations. However, even if a transdisciplinary
study team provides only orientations, there is some level
of accountability and responsibility of scientists and prac-
titioners that may induce a moral responsibility or dilem-
mas such as those faced by Robert Oppenheimer and other
physicists of the Manhattan Project, who did not build but
invented the basic mechanisms for an Atomic bomb that
erased thousands of human lives. Based on the experience
of more than two decades’ worth of case studies, the sug-
gestion that “joint decision-making” is the highest level of
transdisciplinary activity (Wiek 2007, p. 55) is practically
unfeasible, legally critical, and socially questionable. If a
university is considered a public good, it should in prin-
ciple serve all groups and members of a society.

The access to and ownership of data is another delicate
issue. Here, we may distinguish between data that become
accessible before a study is started and data that are gen-
erated in the course of a transdisciplinary process. Here, the
question of who owns the data arises. If there is a formal
co-leadership, the access, validity check, and potential
public access to data must be agreed upon as in any
research project. This may mean that the university and not
the researcher is the owner and—in the event of an insti-
tutional change of the scientific co-leader—access and
ownership may change. The hybrid character of data may
become even more challenging if the project includes
students who may get access to sensitive data or who may
be exposed to certain risks. Similar problems may arise in
funding, as the openness of a transdisciplinary process as
well as the imponderabilities of case dynamics may alter
the topic, the partnerships, and the goals.

What role conflicts do participants of td processes
face? Transdisciplinary processes as a tool
for democracy

In their interactions with the public and with one or more
stakeholders in particular, scientists are expected to take a
neutral position if they are dealing with issues of serious
public concern. They will often be asked to take a scientific
perspective and to provide objective system descriptions of
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environmental risk, pediatric research, or economic devel-
opment. Here, the label reflexive scientist (Pohl et al. 2010) is
appropriate. In terms of the history of science, one may
phrase this by saying: The scientist is expected to provide
descriptions based on “a perspectival objectivity .... [when]
eliminating individual (or occasionally group) idiosyn-
crasies” (Daston 1992, p. 597) and personal political valua-
tions. The university and its scientists become change agents
(Stephens et al. 2008) by providing knowledge to all.

But scientists who deal with applied topics such as the
interaction of science and technology are also “called upon
to play the role of a ‘policy expert’... who dips into the
closed worlds of Washington” (Jasanoff 1996, p. 393).
When running transdisciplinary processes, independent of
the specific level of degree of co-leadership, the first author
was mostly responsible for the facilitation of the process,
i.e., the moderation and knowledge integration methods.
The studies usually dealt with conflicting issues. Thus,
analytic mediation became part of the facilitation process.
The area development method, which links scenario anal-
ysis and multi-attributive utility measurement, was devel-
oped as a method of analytic mediation. However, working
as an elected professor of the Swiss Federal Institute of
Technology (ETH), it is clear that, by affiliation, the sci-
entist became a promoter of the Swiss constitution (the
professors of ETH were, for instance, formerly directly
elected by all ministers of Switzerland).

In reality, the different roles may overlap, interfere, or
exclude each other. The scientist involved in transdisci-
plinary processes is continuously challenged to reflect and
to communicate upon the role of his judgment. Here, also,
the distinction between transdisciplinary processes and
transdisciplinary research may be important, as not all
activities of scientists (such as administration) can be
called research. Transdisciplinary research is conceived as
real-world, problem-oriented, interdisciplinary research
which develops methods, theories, and subject-related
knowledge on the issues and processes dealt with or taking
place in transdisciplinary processes.

The facilitation of a transdisciplinary process (if there
are no specific research questions and elements that call for
a researcher to take this role, e.g., the role of a participating
observer) might well be accomplished by certain profes-
sional consultants (see, e.g., Njoroge et al. 2015).

Naturally, we have to be aware that scientists today—as
they have throughout history—play further roles and that
the social structure has affected structures in science. We
may occasionally observe that scientists consider them-
selves forerunners of a great transition, motivated by the
inner belief that they have investigated and understood
what sustainability is all about and how it may be attained.
As extreme examples, scientists became political activists
in America in the 1930s (Kuznick 1987), others had a

distorted ethical view such as evidenced by Nazi medicine
(Barondess 1996), or supported a social program of the
Bolshevik Revolution (Krementsov 2006). We should
acknowledge that transdisciplinarity is also bound to a
socio-political context (see Table 1) that is a pluralist (with
respect to opinions, values, religion, ethnicity, disciplines,
and perhaps also logic), democratic setting.

We may consider a shift from single, expert-based
decisions towards participatory elaboration (Stirling 2008).
Unfortunately, the term participation is often used without
specifying who is participating in whose venture. Trans-
disciplinarity is characterized by a specific role that sci-
entific knowledge plays as a public good in a knowledge
democracy (Bunders et al. 2010). Historically, this
approach has its roots in Merton’s (1996) claim that sci-
ence in a democracy calls for a certain ethos or culture that
includes honesty, freedom of inquiry, and a basic pluralist
view, as sketched in Fig. 1. In this conception, transdis-
ciplinary processes may be considered a tool for democ-
racy. This includes a joint-problem definition by including
the key stakeholders related to a problem as well as uti-
lizing methods not only for building consensus, but also for
identifying consent and dissent among stakeholders. This
may serve politicians well in understanding the scope of
societal demands for designing resilient human—environ-
ment systems. We may conclude that transdisciplinary
processes can only be applied if the key stakeholders are
able to practice basic discourse processes as in Western
democracy and that vice versa transdisciplinary processes
may well be considered as a supplementary policy tool in
democratic societies. The successful intercultural case of
transdisciplinary discourse about genesis and conception
between six Guatemalan ethnolinguistic, indigenous Maya
groups and European oncologists (Scholz 2012) showed
that transdisciplinarity is not bound to constitutional
democracy. Issues such as the acceptance of the otherness
of the other (see Table 1 C1.4; 1.2.3), trust in the process,
given a certain preparedness for change (see C1.1) may be
seen as the basic prerequisites.

Evaluating outcomes for practice and for science:
does the difference between normal and post-normal
science matter?

In evaluating Mode 2 transdisciplinarity projects, both the
quality of the process and of the outcomes are of interest.
Thus, the quality of the process is a prerequisite of high
overall quality of a study. A transdisciplinary process
should promote better decisions and/or actions by practi-
tioners and innovations in science. The search for a sci-
entifically intriguing and socially significant guiding
question, the involvement and mutual learning of key
stakeholders and practitioners, and real co-leadership as
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well as socially robust orientations based on an application
of sound, method-based results can all be considered main
outcomes of a transdisciplinary process. Although real-
world situations are unique (and cannot be repeated as
observations in an experiment), the methods and proceed-
ings of transdisciplinary processes should be described in a
way that allows for replication. From a Mode II perspec-
tive, the main outcomes are (i) capacity building and (ii)
consensus building on where to focus and how to better
make decisions for sustainable transitions; (iii) how to deal
with those members of a system who are negatively
affected (mediation); and (iv) how to provide arguments
for politicians to establish suitable policies and regulations
to sustainably cope with the problems related to the guiding
question. A scientific challenge is to evaluate these four
aspects or functions of transdisciplinarity.

Capacity building may be evaluated by ex-post statistical
methods (Walter et al. 2007) and/or embedded statistical
evaluation design (Njoroge et al. 2015). However, usually
the qualitative method of face validation is applied, and
most evaluations are based on peer reviews (Zscheischler
and Rogga 2015). A qualitative evaluation is often unsat-
isfactory since “there is not yet a well-established com-
munity of peers who are experienced in reviewing the
quality of TD endeavours” (Wickson et al. 2006, p. 1055).
Evaluations are often provided by peers who have never
participated in or co-led a transdisciplinary study, and
because of this, the evaluations of transdisciplinary projects
are confined to what is published in papers and exclude
what has been produced by the process (for science and
society) and their impacts on practice. The current appraisal
of transdisciplinarity is also biased, as there are many pro-
jects that are conducted under the label of transdisci-
plinarity, but involve only multi-stakeholder discourses or
reports about interviews with some of the involved stake-
holders. And other studies even do not differentiate between
interdisciplinarity and transdisciplinarity.

The evaluation of transdisciplinarity is far from having a
single level or grade for accessing the quality of a study.
However, in theory, the understanding of the different
products (see above) such as the quality of the process is
increasing. We believe that some of the items presented in
Table 1, such as the classifications in a couple of recent
papers (Jahn et al. 2012; Klein 2008; Lang et al. 2012;
Scholz 2011; Scholz et al. 2006; Zscheischler and Rogga
2015), may well serve to develop a more formal method
that can evaluate components or profiles of strengths and
weaknesses. This may be done in a way similar to impact
profiles of LCA profiles (Guinée, 2002). A scientific
challenge is to elaborate prototypical profiles of transdis-
ciplinary processes to better understand the specific ways
in which transdisciplinarity has unfolded in a specific
project. Such an evaluation may well include quantitative
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assessments (e.g., regarding the completeness of stake-
holder groups, the number of participants, etc.) as well as
qualitative assessments (such as whether the guiding
question has the potential to promote groundbreaking
innovations).

If we aspire to discipline-based interdisciplinarity in
transdisciplinary processes, an important standard is to
achieve “textbook state-of-the-art knowledge” in all con-
clusions. This may become a challenging issue calling for
proper team building and a multidisciplinary peer review of
the products of a transdisciplinary process. Sometimes,
findings related to the topic dealt with in a study may be
published in disciplinary journals; this shows that (some)
disciplinary standards are met. However, the complexity of
real-world problems requires multifactorial and multidis-
ciplinary or interdisciplinary causation, which also have
become subjects of evaluation in this field (Stokols et al.
2008). Here, we may ask for quality standards for inter-
disciplinarity and Mode 2 transdisciplinarity in the syn-
thesis process.

An interesting question in this context is whether the
quality standards differ between post-normal and normal
science conceptions. When facing the complexities and
uncertainties of challenging real-world problems, post-
normal science focuses on society-based evaluation criteria
and acknowledges that scientists may include values in
their reasoning (and thus do not aspire to serve all stake-
holder groups equally, e.g., when taking an environmen-
talist position). Post-normal scientists widely follow a
liberal, anything-goes perspective when discussing meth-
ods and often abandon standard principles of (evidence-
based) verification in complex real-world settings. From a
sociology of science perspective, it would be interesting to
investigate whether and in what form post-“normal” sci-
entists become more value-driven change agents than do
“normal” scientists.

We suggest that a functional, adaptive normal-science
view may help scientists to become change agents by
making science available to all stakeholder groups. This
usually calls for sound inter- or multidisciplinary research
when meeting or adapting disciplinary standards and has
been often accompanied by use-inspired basic research that
includes participatory research and focuses research on
topics evolving from societal challenges. System theory
may help in Mode 2 integration and may help normal
(disciplinary) scientists with a certain level of sophistica-
tion to better identify and apprehend the genuine uncer-
tainty inherent in causal textures of complex physical and
social environments. There are irreducible uncertainties in
any cognitive model related to a complex real-world
environment (Nicolescu 2006), but human knowledge
about complex systems is genuinely incomplete. Thus, we
argue that the difference between normal and post-normal
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sciences is not as critical from a functional, societal, Mode
2 perspective. However, we would venture to say that, in
the reality of transdisciplinarity, a normal science approach
may appear much more structured and tends to include
more method-based approaches and standards of validation
and evaluation than the post-normal approach.

The difference between normal and post-normal science
seems to be more fundamental if we consider how the
incompleteness of knowledge (i.e., the unknown) is dealt
with. Following the history of science, normal science will
strive for new basic and applied theories and meta-theories
(including extended forms of logic that may properly allow
for phenomena such as Russell’s paradox). The strategy
that post-normal science may take seems open for discus-
sion. The strategy of the physicist Nicolescu (2014) to
postulate a spiritual layer (thus including supernatural
entities) certainly leads beyond science, but is finally
linked to a specific form of subjectivity. Nicolescu (based
on insights into quantum mechanics) postulates a “totality
of reality” that integrates different (discontinuous) levels
of reality and relativity (and causality) that “create a new
perspective on religion, politics, art, education, and social
life” (Nicolescu 2006, p. 6). We think that the genuine
incompleteness and inconsistencies that science encounters
may well be approached from a (reflected) objectivist
perspective when constrained validity is assigned to dif-
ferent types of reasoning, as presented in this paper.

Propositions on the nature and practice
of transdisciplinarity

We conclude with ten propositions. Five of them comprise
the key messages provided in the section on the ideal type.
These propositions reveal that transdisciplinary processes
provide a new perspective for utilizing and relating expe-
rientially formed stakeholder (or real-world experts)
knowledge and expertise with high-quality interdisci-
plinary knowledge that has its roots in the rationales of
different types of disciplines. This has been expressed by
the phrasing that we need disciplined interdisciplinarity in
transdisciplinary discourses. This new demand emerges
from the complex, multilayered socio-technological prob-
lems caused by the current stage of human evolution. We
have created this Anthropocene age and a globalized,
socioeconomic system including new types of complexi-
ties, ambiguities, and ignorance about how certain basic
material-biophysical environmental and socio-cultural
processes may develop. We argue that transdisciplinarity is
thus an emerging form of utilizing and generating scientific
knowledge that has the potential to become a main pillar of
the scientific structures and institutions of the twenty-first
century. The theoretical propositions read as follows:

1. Transdisciplinarity integrates different types of causa-
tion (reasoning) and different types of epistemics (see
also Fig. 3). This is, in particular, necessary if a
horizontal integration, for instance an interdisciplinary
approach merging concepts and theories, is not possi-
ble and/or no cross-disciplinary language (such as
mathematics) may be applied.

2. We may distinguish between Mode [ and Mode 2

transdisciplinarity. Mode 1 transdisciplinarity is an
inner-science activity (see Scholz and Steiner 2015;
Appendix). It is needed to overcome (logical self-)
contradictions, paradoxes, or basic complementarities
of reasoning in theory formation or modeling. This
may be done when constructing a kind of Godelian
meta-system or supranatural belief system. Mode 2
transdisciplinarity is needed if contextually robust,
experiential knowledge (or wisdom), and understand-
ing are to be integrated and related for providing
(socio-technological) robust orientations or even solu-
tions for complex, societally relevant problems (see
Fig. 1).

3. A theory of transdisciplinarity includes ontology,

epistemology, and methodology. The ontological
examination describes the nature of an ill-defined
real-world problem. The epistemological analysis
describes what type of new knowledge and “orienta-
tion” will be provided or created based on what
assumptions and means. The methodology offers (a
system of) methods that may be applied to facilitate the
process and to generate new knowledge.

4. In Mode II transdisciplinarity, we may distinguish

between transdisciplinary processes and transdisci-
plinary research. The process facilitates the integration
of knowledge between science- and practice-based
epistemics and calls for a proper means of organization
and methods.

5. There are different types of knowledge integration.

Transdisciplinary projects need methods to integrate
different types of epistemics such as knowledge from
different disciplines (interdisciplinarity), perspectives
and interests from different stakeholders (analytic
mediation), knowledge from different subsystems and
layers of a problem (holism), modes of thought
(analytic vs. intuitive thinking), and intercultural
integration (Fig. 4).

We may rely on more than two decades of practical
experience in a wide range of transdisciplinary processes
on transitions of urban and regional systems, organizations
and policy processes as well as on first insights of learning
by relating different cultures. Based on a record of more
than 41 mid- and large-scale transdisciplinary projects,
which were conducted with members of the ITdNet, as well
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as similar approaches carried out by private institutes such
as the ISOE, we may suggest the following propositions
referring to the practice of transdisciplinarity. ISOE is one
of the private environmental, interdisciplinary knowledge
institutes at the interface between (and with the aspiration
of) independent academic research, multi-stakeholder
moderation, and consultancy.

6. The facilitation of transdisciplinary processes (see
Scholz and Steiner 2015; Fig. 1) calls for professional
management capabilities. This includes assistance in
avoiding errors in the initiation and planning phases, as
they are the most expensive ones, focusing on the right
issues/themes (i.e., defining the proper guiding ques-
tion), and carefully assessing the outcomes of the
process, following backward planning and concentrat-
ing only on those activities that are necessary for goal
attainment (see Fig. 4). Facilitation calls for the
support of contents as well as of the discourse and
may become professionalized. A facilitator (perhaps a
kind of “transdisciplinarity champion” [see Miah et al.
2015]) has to best meet the needs of practice and
science and facilitate both the contents and the process.

7. Transdisciplinary processes demand a set of specific
challenges that go beyond normal project manage-
ment. Co-leadership on all levels may be most easily
and efficiently operationalized by a double-winged
organizational chart (see Scholz et al. 2006; Binder
et al. 2015). The building of a protected discourse
arena, the exclusion of day-to-day political issues, the
definition of roles and functions of the participants,
negotiating the goals of the project, and emergency
management may be discussed or even written down,
for instance, in a special brochure for all participants
(see, e.g., Eilittd 2011). For acknowledging the ill-
defined nature and inductive nature of transdisciplinary
projects, there are trade-offs between backward plan-
ning (starting with anticipating how a process of
synthesis might look like at the very beginning) and
the flexible adaptation of the process to new insights
and imponderabilities.

8. The quality of a transdisciplinary process depends on
the capacity and willingness of the participants and on
proper methods of knowledge integration. Knowledge
integration and mutual learning become real if (a) the
participants have the right knowledge, (b) are willing
to participate and to follow the philosophy of mutual
learning, and (c) if the right methods for framing and
supporting these processes are available.

9. The novelty of transdisciplinary processes induces
multiple vulnerabilities. The allocation of rights and
responsibilities in an open, co-led process calls for
mutual financing and shared liability with respect to

@ Springer

claims of a large number of stakeholders, scientists,
and other people concerned. Often, sensitive data
become accessible and must be handles confidentially.
All this is possible only if there are unambiguous,
trustworthy, and balanced bonds among strong co-
leaders from science and practice on all levels and
subprojects of the project. The embedding of hybrid
transdisciplinary processes that include knowledge
transfer, mutual learning among science and practice,
research, and multiple forms of education and on-the-
job training in public knowledge institutions calls for
special attention. The institutionalization of transdis-
ciplinarity laboratories or transdisciplinarity colleges
that run educational projects based on transdisciplinary
processes may be seen as a prerequisite for developing
high-quality transdisciplinary research in the long run.

The assessment of transdisciplinary processes calls for
innovative forms of quantitative and qualitative appraisal
and validation. An appraisal has to incorporate whether
(i) the right issue has been focused on, (ii) proper per-
spectives and goals have been set, (iii) sufficient knowl-
edge from practice and science can be incorporated, and
(iv) whether the study has impacts on capacity building of
science and practice and is promoting the intended transi-
tion of the system of interest. We argue that an evaluation
of transdisciplinarity should not be done by a sloppy, ad
hoc assemblage of evaluation criteria (and conventional
means such as counting events, different types of publi-
cation, etc.). We suggest that assessments should rather be
based on a theoretical conception that allows both to
properly acknowledge the fundamental processes of
acquiring, processing, and integrating knowledge both in
Mode 1 and Mode 2 transdisciplinarity. The validation of
newly produced knowledge, decisions, actions, and
impacts of a specific transdisciplinary process on science
and society has to go beyond face validation. There are not
many theories around that can meet these aspirations.
However, we suggest that Brunswik’s theory of proba-
bilistic functionalism may serve as a good starting point, as
it conceptualizes the learning and adaptation of human
action in complex human—environment systems under a
functional, evolutionary perspective (see Scholz forth-
coming; Scholz and Tietje 2002, Chap. 20).

As pointed out in both papers (Part I and Part II),
transdisciplinarity is a demanding approach, particularly if
applied factually in a real-world context. This also requires
a reflection of traditional paradigms in science, the role of
science in solving big societal challenges, and its relation
to society and various stakeholder groups. In order to avoid
its becoming a new, fuzzy buzz word, a thorough under-
standing of transdisciplinarity and the challenges, obsta-
cles, and constraints related to its application must be part
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of a rigorous scientific and method-based process design
that enables mutual learning between science and society
that takes place at the same eye level but does not neglect
the specific roles, functions, and responsibilities of science.
To deal with the obstacles, barriers, and complexity of
transdisciplinary processes is sometimes painful. But
transdisciplinarity is also extremely rewarding—personally
and societally. This is reflected by feedback from almost all
practice partners, but also from senior scientists who have
noticed the limits of disciplinary and usual interdisciplinary
research in the context of transdisciplinary transformation.
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