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Abstract

This is a thesis about interdisciplinarity, scientific integration, and
problem solving in sustainability science. Sustainability science is
an emerging and highly interdisciplinary field that seeks to integrate
vastly differentiated bodies of knowledge in addressing the chal-
lenge of transitioning contemporary societies towards sustainability.
Interdisciplinarity is paramount.

Interdisciplinarity in general, and in the context of sustainability
science in particular, has often been associated with solving partic-
ular problems and problem solving is one important theme in this
thesis. A central idea that is developed is that of problem-feeding.
Sometimes problems arise within one discipline that can only be
solved with the help of another. This concept, that has predecessors
in e.g. the work of Lindley Darden and Nancy Maull, is explored
considerably. It is argued that in interdisciplinary contexts—such
as sustainability science—where collaboration is sought it is im-
portant to maintain cross-boundary problem stability. That is to
say, as the problem is transferred from one discipline to another
transformations will often be necessary. These transformations
then, need to be acceptable to all involved parties to maintain an
active interdisciplinary connection.

Another topic that is discussed both in the introductory essay
and some of the papers included is that of scientific imperialism.
Scientific imperialism—the infringement of one discipline upon the
domain of another—is here suggested to be primarily a threat to in-
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terdisciplinary collaborations. A distinction is introduced between
imperialist failures of expansionism and failures of replacement.
These are labelled type-I and type-II imperialism respectively. Par-
ticular attention is devoted to the latter form. Type-II imperialism
concerns cases where imperialist infringements fail as the imperial-
izing framework replaces viable, or compatible alternatives. Such
an error of replacement does, importantly, not imply that the
framework or theory should be disregarded completely. This type
of imperialist error can both be quite subtle, and damaging. For
one, if one directs the attention to specific contexts knowledge is
actually lost in the process. This is particularly serious in fields
such as sustainability science that are, to such an large extent,
aimed at influencing concrete policy.

Finally, interdisciplinarity is difficult to achieve and in many
cases represents a grand challenge in itself. There are however many
different ways in which interdisciplinarity may be accomplished
and different forms are suitable in different contexts. In a field
such as sustainability science where complexity is such a prevalent
feature, an inclusive, pluralist, approach is likely to be appropriate.
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Chapter 1

An Introduction

1.1 Interdisciplinarity and Sustainability Science

T HAS BECOME increasingly apparent over the past few decades
that we have entered a time of unprecedented danger—a new
geological era, some have suggested, where humans are the dom-
inant force (Crutzen and Stoermer, 2000). Global warming has
accelerated significantly in spite of large-scale research efforts and
a substantially improved understanding of the mechanisms, causes
and consequences it involves. The hope of that warming will be
pegged below 2° C globally—a target established by the 2010
United Nations Climate Change Conference in Canctn as an upper
limit—is looking more like a theoretical possibility than a prac-
tically achievable goal. In an influential paper Rockstrom et al.
(2009) propose seven “planetary boundaries” within which a “safe
operating space for humanity” can be maintained. Three of them,
they surmise, have already been transgressed. Climate change
threatens almost every aspect of human life and the very founda-
tions of contemporary societies and a transformation, in one way
or another, is inevitable. The importance of meeting the challenge
that such a transformation brings cannot be overstated. It is clear
that a concerted effort will need to be made, and that science will
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continue to play an important role in this effort.

Sustainability science is an emerging, interdisciplinary field
aimed squarely towards this issue. It is a field that is aimed at
challenges like global warming and a central goal is to lay the
foundations of a form of science that is obliged to serve society
in solving so-called ‘real world problems’. A founding intuition
is that in order to meet the challenge of transitioning towards
sustainability we will need to draw on the resources of a wide range
of disciplines. Historically the social sciences have been less involved
than the natural sciences but sustainability science aims to integrate
disciplines from both sides of this divide. Sustainability concerns a
wide range of disciplines. We need to have a better understanding
both of the physical systems and mechanisms that drive our climate
system and govern ecosystems upon which we depend. But we also
need to get a better idea of how, for example, our economies work
and what drives them as well as disentangling difficult theoretical
problems concerning uncertainty, decision making, and risk, and so
on. In addition, interactions between social and natural systems
are of paramount importance.

Integrating such diverse bodies of knowledge is itself a challenge
grand in scale and it is to that kind of integration this thesis is
devoted. This thesis is about scientific integration and joint problem
solving in sustainability science. How do we coordinate the efforts
of different disciplines? What is interdisciplinary problem solving?
And how does it differ from regular problem solving? In particular,
how much integration and unification is needed in order to conduct
sustainability science?

1.2 Interdisciplinarity in Brief

The topic of this thesis is interdisciplinarity. Although the idea of
interdisciplinarity has appeared many times in the past, and indeed
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since antiquity, if we use the notion liberally (Klein, 1990, cf.), it
is perhaps now more feverishly discussed and called for than ever—
not least as a consequence of the quickly deteriorating state of our
climate system and the problems that arise in the wake of that
change, since here interdisciplinarity is perceived of as the only way
forward. But the idea arises in all sorts of contexts. It also appears
as a possible solution to problems at many different levels, from
concrete issues such as how best to produce good climate scenarios,
to rather abstract questions about, for example, how to promote
innovation in general. Not infrequently, interdisciplinarity is a
requirement imposed by funding agencies, and it is often perceived
of as a value in and of itself.

Nonetheless, few labels hide so many concepts; and few are so
contested and confusing. In a recent review of different notions of
interdisciplinarity Julie Thompson Klein lists almost 30 varieties
(Klein, 2010). The main strategy deployed here will not involve
establishing an extensive and detailed taxonomy, although over the
course of this thesis I will try to pry out some of the problems and
difficulties associated with the notion. Before we proceed, a few
remarks on common usages are in order nonetheless.

First, one often finds the term ‘interdisciplinarity’ being used
as it is in this essay: as an umbrella term that captures many types
of relationships that involves more than one discipline. It may
concern outright collaborations, overlaps, accidental similarities,
reductive relationships, exchanges of methods or theories, the way
disciplines are ‘placed’ relative to one another in the disciplinary
system, and so on. Calls for interdisciplinarity can thus range from
quite local concerns that some phenomenon or other “spans several
disciplines” to broad and global claims complaining of the disunity
of science at large.

In the literature on interdisciplinarity one commonly sees the
term ‘interdisciplinarity’ being used in a slightly narrower sense. It
is then arranged in what we might call the ‘standard trichotomy’
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of multidisciplinarity, interdisciplinarity, and transdisciplinarity.
Here is a short characterisation.

Multidisciplinarity is normally taken to involve the juxtaposi-
tion of knowledge claims from different disciplines; it is, as Klein
puts it “essentially additive, not integrative” (Klein, 1990, 56).
Hence multidisciplinarity is marked by disjunctive claims which
are often ordered under some broad topic or theme but otherwise
lack interconnection. Although multidisciplinarity may in fact be
a fruitful approach in some fields (Sintonen, 1990, see), it is often
perceived as a failure.

Interdisciplinarity is contrasted with multidisciplinarity in that
it is integrative. This elaboration is not particularly clarificatory,
since it can be taken in turn to imply many different things. Klein
approaches the matter by separating different varieties. She lists no
fewer than eleven specific forms that have occurred in the literature
(see Klein, 1990, 64f; also Klein, 2010). Among them are pseudo
interdisciplinarity (the borrowing of tools), composite interdisci-
plinarity (an instrumental solution of a problem), supplementary
interdisciplinarity (the overlapping of “material fields”), and uni-
fying interdisciplinarity (increased consistency in subject matter).
Using these eleven Klein identifies four more basic forms:

Borrowing. Borrowing involves the transfer of methods, concepts,
theories, and so forth, between theories. It can happen in
many different ways and serve different purposes. Sometimes
borrowing takes the form of importing metaphors where an
important motivation is to structure, or re-structure, some
domain (Klein 1990, 85; see also Kellert 2008).

Solving problems. Here the idea is that disciplines come together
in order to solve particular problem with “no intention of
achieving a conceptual unification of knowledge” (Klein, 1990,
64). It can be organized around a concrete object (city
planning) or “focus on a complex, problematic question that
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cannot be assigned to a given discipline or find its solution
in a border are between two fields” (Klein, 1990, 65).

Increased consistency of subjects or methods. This describes
the process by which two disciplines are approaching a state
of increased unification, or by which two disciplines merge or
interface over a domain of entities that concern them both.
Klein gives the example of biophysics.

The emergence of an interdiscipline. It has often been remarked
that interdisciplinarity does not appear to lead to more unifi-
cation, but, quite to the contrary, appears to fragment the
disciplinary system even further. New hybrid disciplines arise
on the fringes between already existing ones; social psychol-
ogy, econophysics, cognitive science, and so on, are all hybrid
disciplines of this sort.

There are minor redundancies in Klein’s categories and the list
is not exhaustive. Moreover, many categories can be viewed both
normatively and descriptively: they seem to hover between being
motivations for interdisciplinarity (e.g. in the form of goals to be
obtained) and at descriptions of what interdisciplinarity is.

Finally, transdisciplinarity, which is usually considered the final,
or deepest, stage of interdisciplinary collaboration or integration.
The term ‘transdisciplinarity’ first appeared at a conference orga-
nized by the Organisation for Economic Cooperation and Devel-
opment (OECD) in 1970. There, Jean Piaget talked of transdis-
ciplinarity as a final, and superior, stage of interdisciplinarity, a
“total system without stable boundaries” (Piaget 1972 in Nicolescu,
2006, 1). Eric Jantsch, another participant at this event, distin-
guished between six different stages, or degrees, of interdisciplinary
integration (or collaboration) of which transdisciplinarity was the
final, and most, cooperative. For him transdisciplinarity involved
complete coordination of what he called “the education/innovation
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system” (Jantsch, 1972, 17). It “[e|stablishes a common system of
axioms for a set of disciplines (e.g. anthropology considered as the
‘science of man and his accomplishments’ ” (Apostel et al., 1972,
26).

Transdisciplinarity, then, has often been thought of as a kind
of “overarching synthesis” (Klein, 1990, 65). This suggests that
interdisciplinarity, by contrast, may be a more local affair. However,
usage appears to have changed over the years, with an increased
focus precisely upon local contexts, and this has blurred the dis-
tinction between inter- and transdisciplinarity (see below).

1.3 Sustainability Science

1.3.1 Background

The field of sustainability science can be said to have been founded
in 2001 when geographer Robert Kates and a group of very in-
fluential scientists published a paper aptly titled ‘Sustainability
Science’ in Science (Kates et al., 2001). The emergence of this
field of research, however, had been long in the making and it
can be seen as the result of both scientific progress and a political
process that reaches much further back. Sustainability science
can perhaps be considered the focal point of a number of different
issues that became increasingly connected to one another during
the late 1980s and early 1990s. Concerns perceived of as more or
less independent—environmental degradation and pollution, the
prospects of economic growth and development, global and intergen-
erational justice—came to converge on the issue of anthropogenic
global warming. Climate change is thus central to sustainability sci-
ence but one should not confuse sustainability science with climate
science although the latter is an important historical component of
the former.

Climate change had been an issue among physicists and climate
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scientists for well over a century preceding this point but from
around 1960 the realization that, a), anthropogenic emissions could
have an influence on the climate system, and b), that this actually
seemed to be happening, was starting to sink in." Roger Revelle
and Hans Siiess state in their seminal 1957 paper that:

Thus human beings are now carrying out a large scale geo-
physical experiment of a kind that could not have happened
in the past nor be reproduced in the future. Within a few
centuries we are returning to the atmosphere and oceans
that concentrated organic carbon stored in sedimentary
rocks over hundreds of millions of years. (Revelle and Suess,
1957, 19)

The passage foreshadows what was to come. At the time Revelle
and Stiiess themselves saw this ‘experiment’ as an opportunity for
learning.

During the fist half of the 1960s the methods to reliably measure
COy in the atmosphere were established by Dave Keeling and in
1965 the United States President’s Science Advisory Committee
made the connection between human use of fossil fuels and harm-
ful climate change (Agrawala, 1998, 606). Otherwise interest in
climate change during the 1960s mostly concerned local climate
modification.?

'In the end of the 1950s research efforts made by scientists at the Scripps
Institute in La Jolla—among them Roger Revelle, Harmon Craig and Hans
Suess—provided a fuller understanding of how carbon cycles in the atmosphere
and how it is absorbed in the oceans. The implications of this were seen
by Bert Bolin and Erik Eriksson (1958). In the early 1960s Charles Keeling
had begun measuring atmospheric COg reliably, and he found it, somewhat
surprisingly, to be rising rather sharply. See Thorén and Persson (2013) for
a short discussion of climate science prior to 1957. Also see Weart (2003),
Edwards (2010), and Bolin (2007).

2There where projects in Vietnam in which US military wanted to wash
away the Ho Chi Min Trail by seeding clouds, or through steering tropical
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In the 1970s the political interest in issues related to climate
change was rising, for different reasons. This was embodied in a
number of meetings backed by the United Nations (UN). The 1972
the UN Conference on Human Development convened in Stockholm.
In 1977 a conference was held in Nairobi—the UN Conference on
Desertification—and in 1979 the World Climate Conference in
Geneva marked the birth of WCP (World Climate Programme).
In 1972 an influential report commissioned by the Club of Rome
was published, Limits to Growth (Meadows et al., 1972). The
report is significant both because it connects economic growth
to various physical boundaries—energy expenditure, pollution,
etc.—and because of the methods it used—so-called integrated
assessment modelling. A great variety of data was combined in a
single dynamic model. The methodology has been widely adopted
since and plays an important role in, for instance, the work of the
IPCC.

A series of workshops were held in the first half of the 1980’s in
Villach, Austria, with funding from the UN Environmental Program.
At the last of these, held in 1985, the expert participants (among
them Bert Bolin) reached a consensus that climate change would
cause unprecedented warming as soon as the first half of the twenty-
first century. One of the immediate outcomes of this meeting was
the establishment of the Advisory Group on Greenhouse Gases
(AGGG) in 1986, and one goal was to produce, if necessary, a
global convention (Agrawala, 1998, 609).

The perhaps most significant developments paving the way for
sustainability science, however, came with another report in the
1980s. If Kates et al. (2001) represented the birth of sustainability
science, the publication in 1987 of the report Our Common Future
(World Comission on Environment and Development (WCED),

cyclones. Seeding clouds had civilian uses too with the hope of producing more
reliable agriculture. See (Edwards, 2010, 360).
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1987) was surely its conception.?

Initiatives by worried scientists eventually lead in 1988 to the
establishment of the IPCC, with Bert Bolin as its first chairman.
The panel produced its first report in 1990. The establishment of the
[PCC is important in the context of sustainability science, as it has
now grown into an important channel through which sustainability
scientists can reach out and disseminate their research. It is, in spite
of the considerable criticism it has received, a concrete attempt
to realize one the most important goals of sustainability science—
namely, to produce knowledge that has practical implications for
policy. The IPCC has grown immensely since its conception and
recently published its Fifth Assessment Report.

In the 1990s much of this work was further formalized. In 1992
at the Earth Summit in Rio Janerio the United Nations Framework
Convention on Climate Change (UNFCCC) was established—a
treaty that aims to stabilize atmospheric greenhouse gas concentra-
tions and thus avoid hazardous interference with the climate system.
An important outcome of the UNFCC is the Kyoto Protocol from
1997 in which legally binding emission cuts were established for
developing countries.

It is against this background, and in this context, that sustain-
ability science arises as a field of inquiry.

3Although ecologists, conservation biologists, and to some extent
agronomists, had nursed an interest in issues of environmental sustainability
for longer than this date suggests, the literature on the issue virtually explodes
after this point: a search on the Web of Science for papers with the term
‘sustainability’ in the title—one, to be sure, that is bound to generate many
false hits—unearths some 7,887 publications until the year 2001, while the
same search looking at years prior to 1987 yields only 54. A search across all
years yields a number of hits slightly north of 44,600.
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1.3.2 A Characterization

Accurately characterizing the field of sustainability science is diffi-
cult. One reason is the field’s relative immaturity, which ensures
that it is both rather messy and more marked by its promises than
its achievements. After all, the problems to which sustainability
scientists turn their attention appear to be a considerable distance
from being solved.

Another problem is that sustainability science is potentially
different from many cases of interdisciplinarity in that it is not a
hybrid discipline. One motivation for engaging in interdisciplinarity
is simply to revise the disciplinary structure. The ideal outcome of
this is a new disciplinary structure that better fits the context in
which it is to be found. Sustainability science, however, does not
appear to be part of any such venture. I write ‘appear’, because
the issue is debatable; I shall discuss it in more detail later in this
thesis (e.g. Chapter 5).

Given these obstacles, it is difficult to provide a characterization
of sustainability science that is both informative and universally
applicable, not to mention one that will hold up over time. I will
nonetheless provide an outline of some main features.

There is generally more than one way to characterize a given
interdisciplinary field, just as there are many ways in which one
might want to characterize a discipline. One way is to emphasize
the problems and then draw conclusions about the appropriate
methods, tools, theories, and so forth. Another is to emphasize
tools and methods and then formulate the problems in terms of
these. Yet another is to attempt to spell out the postulates, or
fundamental principles, which generate the problems.*

Two points. First, it is not generally true that problems are
more important than approaches, and whether this is so depends
on the field in question. Sometimes the organizing principle is the

1See e.g. (Quental et al., 2011).
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problems. In other cases, that is not the case. So, for different
fields different principles will hold.

Second, discussions of how best to characterize a specific field
or discipline are rarely wholly descriptive. Generally they also
have a normative dimension. Moreover, this is often the case in
newly established fields. Indeed, many papers which attempt to
characterize sustainability science also aim to give an account of
what it should be.

The first to describe sustainability science as a field is Kates
et al. (2001). The authors see the primary aim of the science as the
promotion of “a sustainability transition” (Kates et al., 2001, 641),
and they set out to outline a research programme accordingly. At
the most fundamental level this programme has two main tasks.
One is to provide aid of a quite concrete kind in “sustainability
transitions.” This problem is a practical one, and it has led some
to think of sustainability science as a kind of engineering science
(Mihelcic et al., 2003). The second task is to deliver understanding:
“A new field of sustainability science is emerging that seeks to
understand the fundamental character of interactions between
nature and society” (Kates et al., 2001, 641). These two tasks are
then elaborated into an “initial set of core questions™.® They are as
follows:

1. How can the dynamic interactions between nature and society—
including lags and inertia—be better incorporated into emerg-
ing models and conceptualizations that integrate the Earth
system, human development, and sustainability?

2. How are long-term trends in environment and development,
including consumption and population, reshaping nature—
society interactions in ways relevant to sustainability?

SThese questions were later revised and updated in Kates (2011).
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3. What determines the vulnerability or resilience of the nature-
society system in particular kinds of places and for particular
types of ecosystems and human livelihoods?

4. Can scientifically meaningful "limits" or "boundaries" be
defined that would provide effective warning of conditions
beyond which the nature-society systems incur a significantly
increased risk of serious degradation?

5. What systems of incentive structures—including markets,
rules, norms, and scientific information—can most effectively
improve social capacity to guide interactions between nature
and society toward more sustainable trajectories?

6. How can today’s operational systems for monitoring and re-
porting on environmental and social conditions be integrated
or extended to provide more useful guidance for efforts to
navigate a transition toward sustainability?

7. How can today’s relatively independent activities of research
planning, monitoring, assessment, and decision support be
better integrated into systems for adaptive management and
societal learning?

It is possible to make a case for the view that Kates and
his colleagues are really considering sustainability science as a
venture organized under the aegis of some theoretical framework.
Their core questions revolve around issues like how best to model
nature-society interactions, and what determines resilience and
vulnerability in nature-society systems. One is tempted to conclude
that Kates and colleagues imagine the main challenge here to be
one of getting the models right. We need, somehow, to build into
the present models such as those of the climate system or various
ecosystems a whole range of variables and interactions that have
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Figure 1.1: Integrative Matrix

previously been overlooked. Perhaps, then, the idea here is really
that sustainability science is the application of a more or less fully
outlined approach to the broad challenge of managing sustainability
transitions. Precisely what this approach amounts to is harder to
pin down, and there are certainly other ways of analysing their
contribution. Nonetheless, the difference is noticeable when one
compares the core questions pursued by Kates and colleagues to,
say, the characterization offered by Anne Jerneck and her colleagues
(Jerneck et al., 2011).

The 2011 Jerneck paper presents a range of problems, or “sus-
tainability challenges”, as the authors describe them, but it appears
much less framework dependent. The challenges are more broadly
conceived, and include land-use change, biodiversity loss, water
scarcity, and climate change. The integration is not merely about
seeing to it that different scales are catered to, but also operates at
a more fundamental level. Jerneck and colleagues envisage sustain-
ability science as an enterprise organized around these challenges
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by a set of “core themes” (scientific understanding, sustainability
goals and pathways, strategies, and implementation) and two “cross-
cutting approaches” (problem solving research and critical research).
This distinction, between problem solving research and critical re-
search, is due to Robert Cox (1981). If problem solving research
proceeds on the basis of a particular set of background assumptions,
critical research questions those assumptions: “problem-solving re-
search could deal with how to optimise an emissions trading scheme,
while critical research would question the very existence of market-
based mechanisms such as trading schemes as solutions to climate
change” (Jerneck et al., 2011, 77f). The challenges, themes, and
approaches are related to one another in an “integrative matrix”,
see Figure 1.1.

1.3.3 A Framework for Sustainability

Although there are many alternative ways of characterizing sustain-
ability science—Quental et al. (2011) suggest four principles that
underpin the field, and Schoolman et al. (2012) rather depart from
“three pillars of sustainability” in their preliminary assessment—
there appears to be an important difference between thinking of
sustainability science as an activity which departs from a particular
framework on the one hand, and taking a more pluralist approach
on the other. Many perceive of pluralism as necessary in sustain-
ability science. Bettencourt and Kaur, for example, write that
this science “necessarily requires collaboration between perspec-
tives” (Bettencourt and Kaur, 2011, 19540). Or, as Komiyama
and Takeuchi put it: “[s|ustainability science must therefore adopt
a comprehensive, holistic approach to identification of problems
and perspectives involving the sustainability of these global, social,
and human systems” (Komiyama and Takeuchi, 2006, 3). Others
conceive of the issue more narrowly, taking sustainability science
to be a discipline in the making, although it is sometimes acknowl-
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edged that it is dependent for its data on other disciplines (to a
significant extent).

1.3.4 Transdisciplinarity in Sustainability Science

It is a commonly held belief among sustainability scientists that
sustainability science that it is, or should become, transdisciplinary
(See e.g. Brandt et al., 2013; Jerneck et al., 2011; Martens et al.,
2010; Komiyama and Takeuchi, 2006). Although there appears to
be almost universal agreement on this point, the transdisciplinarity
in question is taken by different authors to have somewhat dif-
ferent implications. In her foreword to Katri Huutoniemi’s and
Petri Tapio’s Transdisciplinary Sustainability Studies (2014) Julie
Thompson Klein suggests that the contemporary conception of
transdisciplinarity—the one which is influential in, for example,
sustainability science—is guided by two theoretical ideas. One
is the notion of Mode 2 knowledge production (Gibbons et al.,
1994; Nowotny et al., 2001). Here the increasing involvement of
non-scientific actors in knowledge production, as well as the tem-
porary and local character of (some) contemporary research, is
emphasized (Thorén and Breian, 2015). Although the project is
largely a descriptive one, its proponents aim to highlight certain
features of modern science, and how it has changed, and the theory
has normative elements. For example, there is a suggestion that
knowledge should be socially robust, so that it is more “likely to
be reliable not only inside but also outside the laboratory” (Gib-
bons, 2000, 61).5 The other idea Klein brings up is Funtowicz and
Ravetz’s post-normal science (1993). Funtowicz and Ravetz focus
on problems that require urgent solutions, but where the decision
stakes are high, the underlying values are in disarray and systemic
uncertainties are overwhelming. They strongly emphasize the role

6See also Nowotny et al. (2001) and Nowotny et al. (2003).
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of complexity in such problems. Examples here include problems
relating to “major technological hazards or large scale pollution”
(Funtowicz and Ravetz, 1993, 750).

Integration is a feature often highlighted in the discourse of
transdisciplinarity, Hirsch Hadorn et al. (2010) write:

Transdisciplinary research (TR) aims at better fitting aca-
demic knowledge production to societal needs for solving,
mitigating or preventing problems such as violence, disease,
or environmental pollution. TR strives to grasp the relevant
complexity of a problem, taking into account the diversity
of both everyday and academic perceptions of problems,
linking abstract and case-specific knowledge, and develop-
ing descriptive, normative, and practical knowledge for the
common interest. Integration is a core feature and major
challenge of TR. (Hirsch Hadorn et al., 2010, 431)

A number of features here are relevant for the present discussion.
One is complexity. Transdisciplinarity is sometimes seen as one
component in responding to complexity (Klein, 2004; Max-Neef,
2005). Although the phenomenon of complexity as such will not be
directly addressed here, there will be reason to return to it. For now,
it suffices to note that ‘complexity’ is an ambiguous term. In this
thesis, the focus will be on two other features of transdisciplinarity:
the integration of knowledge and problem orientation.

1.83.4.1 Integration of Knowledge

Sustainability scientists often emphasize that transdisciplinarity
is necessary in their field as it implies knowledge-integration. As
can be surmised from the remarks of Hirsch Hadorn and her col-
leagues above, this integration works in many dimensions, but two
of these dimensions are especially prominent: the integration of
distinct scientific disciplines (especially natural and social science
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disciplines (Jerneck et al., 2011)) and the integration of science
and society. In this thesis the first of these, scientific integration,
i.e. interdisciplinarity, is the primary focus of attention (although I
think that some of the points that are made are also applicable to
interactions between science and society).

Interdisciplinarity in sustainability science has, ostensibly, two
aims. One is conservative, the other innovative. The latter should
be evident, since an important feature of interdisciplinarity in gen-
eral, and interdisciplinarity in sustainability science in particular,
is that it produces new knowledge as well as new methods, tools,
and theories. Turning to the former, what I mean by conservative’
in this context is something like drawing on existing knowledge. For
example, one can see this aim in the following comments: “research
on complex sustainability problems requires the constructive input
from various communities of knowledge to ensure that the essential
knowledge from all relevant disciplines and actor groups related to
the problem is incorporated” (Lang et al., 2012, 26).

1.8.4.2  Problem Orientation

The second main feature is problem orientation.” Here transdisci-
plinarity is taken to imply that the relevant knowledge is produced
to solve “real-world problems” (Lang et al., 2012). The idea that
transdisciplinarity, or indeed interdisciplinarity in general, is a way
of solving such problems has been widely accepted for as long as
the terms have been used.® As has already been touched upon
above, there are several features of these problems that tend to
be highlighted. One is their source, and the notion that they are

"Some have described sustainability science as solution-orientated (Miller
et al., 2013).

8Hansson (1999) mentions this as a central feature of interdisciplinarity.
See also Schmidt (2008) and Klein (1990). There is also here a connection
between interdisciplinarity and applied science, see Sintonen (1990).



20

An Introduction

‘societal’, or at least do not spring from science itself. Another is
their inherent complexity. Within sustainability science the notion
of wicked problems, introduced by Horst Rittel and Melvin Webber
(1973), captures both these features (Jerneck et al., 2011; Norton,
2005).9

Problem orientedness is nonetheless somewhat perplexing for
several reasons. For one thing, is not all science problem oriented?
Moreover, there are several different things one might want to
use as contrasts. Thus there is the idea of inquiry being problem-
driven as opposed to theory-driven, corresponding roughly with the
distinction between applied and basic research. This distinction is
sometimes clear, but as Sintonen (1990) has illustrated using his
“umbrella model”, they tend to be deeply interconnected in practice.
Under the umbrella of a basic research question applied research
questions arise, and these in turn may house further basic research
questions, and so on.

Others instead contrast real problems with “disciplinary” or
perhaps even “scientific” problems. The latter are then unreal in
the very literal sense that they do not concern reality. They are
problems that arise within highly idealized theoretical frameworks,
or sterile laboratories (see e.g. Funtowicz and Ravetz, 1993).

Problem orientedness is in many respects the main theme of
this thesis: how do we solve problems together, and what precisely
is it that is so problematic about the way disciplines, or science,
usually solve problems?

9Wicked problems have a range of properties. Many have to do with
the problem being couched in a context of conflicting values regarding their
formulation and eventual solution. I will return to them in 5.
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1.4 Maslow’s Hammer

Why “the hammer and the nail” of my title? The famous psycholo-
gist Abraham Maslow remarked, in his The Psychology of Science
(Maslow, 1966), that the state of psychology as he found it in the
mid-1930s was somewhat less than pleasing (to him). Too closely
modelled on “orthodox science”, with its atomistic assumptions and
reductive methodology, it fails, Maslow argued, when it comes to
humans. They have to be seen as wholes.

Maslow further reported that these problems had intensified
as he turned from psychopathology to study the healthy people,
concerning himself with “beauty, curiosity, fulfillment” (Maslow,
1966). He wrote:

These “higher” psychological processes in the human being
did not fit gracefully and comfortably into the extant ma-
chinery for achieving reliable knowledge. This machine, it
turned out, was much like something I have in my kitchen
called a “disposall,” which nevertheless does not really dis-
pose of all things but only of some things. Or to make
another comparison. I remember seeing an elaborate and
complicated automatic washing machine for automobiles
that did a beautiful job of washing them. But it could do
only that, and everything else that got into its clutches was
treated as if it were an automobile to be washed. I suppose
it is tempting, if the only tool you have is a hammer, to
treat everything as if it were a nail. (Maslow, 1966)

Thus, Maslow’s Hammer has been used to refer to this idea: that
scientists tend to treat problems as if they were problems for the

tools they happen to have. Maslow was not the first one here though.

In his The Conduct of Inquiry (Kaplan, 1964) the philosopher
Abraham Kaplan remarked on “a very human trait” he called the
law of the instrument: “Give a small boy a hammer, and he will
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find that everything he encounters needs pounding” (Kaplan, 1964,
28).

Whereas Maslow only uses his hammer metaphor (or should
we call it Maslow’s carwash?) to emphasize what he perceived as
the deplorable state of psychology in 1935, Kaplan notes that the
principle is not all bad. After all, what else can we do? Larry
Laudan once remarked that “it is often the case that even when
an effect has been well authenticated, it is very unclear to which
domain of science it belongs and, therefore, which theories should
seek, or be expected, to solve it” (Laudan, 1977, 19).

So the situation is not quite analogous to another story that
Kaplan’s presses into service: the familiar parable of the drunkard
searching for his keys. A drunkard is looking for his keys under the
glow of a streetlight. To an inquiry from a passer-by as to whether
he is sure he dropped the keys in that spot, he responds “No, I
dropped them in the park, but it is lighter here.” The drunkard
knows the keys are somewhere else, the child with the hammer only
treats everything like nails. Some of those things may well be nails,
and some other things can successfully be treated as such. Thus
Alexander split the Gordian knot instead of finding the end of the
rope to untie it.

Moreover, the scientist who persistently deploys his or her tools
and theories in pursuit of all manner of problems may well have good
prima facie reason to do so, namely that this has been successful
in the past. The econophysicist finds comfort and reassurance in
the fact that the rigorous, highly formalized approach of modern
physics has been so successful in its own domain so, why not
elsewhere? This makes Kaplan’s law of the instrument seem less
like a fallacy and more like a heuristic. Think of the sleuth who
sneers cherchez la femme! (a principle Kaplan also calls upon,
incidentally.) The principle works well enough, at least where
Hammett is God, but perhaps not so well in others places. But
then, as long as our sleuth is sensitive to these contextual changes,
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and takes care not to confuse heuristic with law, he should be fine.
The problem, perhaps, is that not every sleuth recognizes this, and
they follow the woman regardless.

Then there is another aspect, not quite captured in these
metaphors and parables. Perhaps fitting a problem to a framework
just is precisely what it is that makes a problem soluble, or at any
rate capable of being understood. Herbert Simon once suggested
that we should think of ill-structured problems and well-structured
problems in terms of the amount of information available to the
problem solver given this problem solver’s computational power
(Simon, 1973). For actual problem solvers—that is to say, those
who are pressed for time and not always fast—a mechanical proce-
dure that patiently flicks through all possibilities one after another,
offers limited value. Thus we change the problem and focus on
another one, one that is simpler with fewer variables; one that
we can survey. But, what are we to think of the Gordian knot?
Did Alexander solve the problem or did he not? That depends, it
appears, on whether we think of the problem as one of untying the
knot or just opening it.

Now consider interdisciplinarity. As we have seen interdisci-
plinarity is often motivated precisely by the problems it can solve.
Various disciplines come together to solve complex, often ‘societal’,
problems.'® The potential relevance of Maslow’s and Kaplan’s
warnings should be obvious here. Different disciplines approach a
common problem by reframing and recasting it. We end up with
as many problems as we have disciplines, and eventually with solu-
tions whose principal relationship with one another is merely that

OMany examples of interdisciplinarity are nonetheless ‘internal’ to science.
In a recent review of interdisciplinary research proposals funded by the Academy
of Finland it was found that the proposals were, for the most part, “episte-
mologically” as opposed to “instrumentally” oriented. That is to say, they
were suited to increasing knowledge rather than to solving social problems
(Huutoniemi et al., 2010, 85).
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they were inspired by the same event. Perhaps this is why genuine
interdisciplinarity is so hard to achieve, and why the high ambitions
of interdisciplinarians so often seem to fizzle out into disjunctive
multidisciplinarity. True, it is also this feature that so many find
problematic with disciplines. But, then, for interdisciplinarity to
be an alternative it needs to overcome this challenge.

In this thesis I will discuss interdisciplinarity and problem solv-
ing in the context of sustainability science. Particular emphasis will
be put on transferring problems between disciplines and the trans-
formations involved in such transfers. Another main theme is what
might be termed the proper relationship between the disciplines.
How are disciplines related to one another? How should they be
related? Can they overstep each other’s boundaries? Disciplinary
imperialism is a feature of disciplinarity and, as it were, interdis-
ciplinarity. The example of resilience theory is a recurring motif,
both in this introduction and the papers making up the bulk of the
thesis. This theoretical framework emerging from discussion, in
ecology and elsewhere, of the consequences of non-linear dynamics
and complexity has been enormously influential in sustainability
discourse. It offers an interesting case, because it appears to touch
on many of contradictions and intricacies of interdisciplinarity:
issues of unification, pluralism, integration, and imperialism.

1.5 The Structure of the Thesis

This is a compilation thesis. It consists of six papers written over
the past five years that follow this introductory essay. These papers
concern various topics relating to integration, interdisciplinarity
and unification, both in general and in the field of sustainability
science. This aim of this essay is to provide a framework for those
papers. It is, however, not merely a summation of the work that
has been done, but also a contribution.
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The five chapters below are organized as follows. In Chapter 2, I
approach the topic of interdisciplinarity by comparing the two most
influential antagonists of the previous generation of philosophers of
science (or perhaps the generation before that), namely Karl Popper
and Thomas Kuhn. Popper and Kuhn held radically different views,
especially on the relationship between disciplines and problems. It
is informative to consider and compare these views, as they are,
to such a large extent, reflected in contemporary discussions of
interdisciplinarity. In Chapter 2 I therefore try to mould, from
the opposing viewpoints of Popper and Kuhn, the situation facing
those attempting interdisciplinarity as it is commonly perceived
today. There are interesting parallels between contemporary calls
for inter- and transdisciplinarity, on the one hand, and Popper’s
problem solving and discipline-independent research ideal, on the
other.

Chapter 3 deals with the issue of problem sharing and prob-
lem transfers between disciplines. Here, in particular, the notion
of problem-feeding is introduced—a notion developed in Thorén
and Persson (2013) and Thorén (2015a). Problem-feeding involves
situations where a problem that arises in one discipline (or field)
can only be solved in another. Chapter 3 also contains substantive
contributions to the conceptual framework in this thesis, as it intro-
duces a number of distinctions with a bearing on the way in which
problems are solved, shared and transferred. These distinctions are
then used, both to deepen our understanding of interdisciplinarity
and problem-feeding and, crucially, to make the challenges facing
interdisciplinarians drawn up in Chapter 2 more precise.

Chapter 4 discusses the notion of scientific imperialism. In
effect, this chapter is about interdisciplinarity gone bad. Impe-
rialism, commonly understood in pejorative terms, describes the
way disciplines overstep their own boundaries and infringe on the
domains of other disciplines.

Chapter 5 is an attempt to link problem-feeding to different
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ideas of what interdisciplinarity is, and to say what is required for it
to come about. Here I make a distinction between the unificationist
and the pluralist model of interdisciplinarity, and I argue for two
contentions. One is that sustainability science as a field appears
best suited to the pluralist model. The other is that problem-
feeding is compatible with a pluralist model for interdisciplinarity.
Finally, there is a last chapter that contains summaries of each of
the papers incorporated in the thesis, taken in turn.



Chapter 2

On Disciplines and Problems

2.1 Introduction

N A FREQUENTLY cited passage Garry D. Brewer makes the
following remarks about the nature of environmental problems
and their relationship to interdisciplinarity:

In short, environmental problems require interdisciplinary
treatment which the conventional knowledge institutions
have been unable, unwilling or slow to provide. Or, as cynics
have stated it: ‘The world has problems, but universities
have departments.’(Brewer, 1999, 328)

He might as well have written “sustainability problems.” The
sentiment this passage expresses—and sentiments similar to
it—should be familiar to anyone acquainted with the literature on
interdisciplinarity. But it is puzzling nonetheless. And it raises
some interesting issues. What is the problem with “conventional
knowledge institutions”? Is it that they are somehow disciplinary,
whatever that means? The passage about interdisciplinarity cer-
tainly seems to suggest as much. Then perhaps the idea is that
there are problems—complex problems, or perhaps ‘wicked’ prob-
lems (Jerneck et al., 2011; Rittel and Webber, 1973)—to whose
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solutions ‘traditional’ science lacks access. Paradigmatic examples
of such problems are environmental problems and sustainability
problems. What marks traditional science is that it is disciplinary,
and this is also the reason why it fails to provide the sought-after
solutions. A common charge against the disciplinary sciences is
that they are parochial and, perhaps, reductivist—a discipline,
then, is a way of viewing the world, rather than some specific patch
of the world to be investigated.

Many questions can be posed at this stage. One is: How do
problems relate to disciplines? That question might seem a lot
less contrived if one remembers how Thomas Kuhn thought of
disciplines (see Kuhn, 1962, 1977). For him problems, or rather
exemplars—paradigmatic problems and problem solutions—are
absolutely paramount in explaining both how disciplines propagate
their accumulated knowledge from one generation of scientists to the
next and how they grow. As the members of the disciplinary matrix
encounter new problems they simply model them on problems
already solved. By expressing new problems as versions of old
problems they may also access old solutions, which can be recycled
with minimal modification.

If there is at least some truth in Kuhn’s remarks, then perhaps
the separation of problems and disciplines is less straightforward.
To see this more clearly, consider Kuhn’s famous remark about
the puzzle solving nature of normal science. Under ordinary cir-
cumstances scientists solve problems they think, and perhaps even
know, they can solve. Thus they will avoid the broad and complex
issues which are, in all likelihood, impossible to solve. We will
return to Kuhn’s views in more detail below. For now, however,
we will briefly note their relation to Brewer and his cynics.

It is possible to use the Kuhnian picture of science to fill out
Brewer’s remarks. First, that picture offers a possible way of
understanding, more precisely, what Brewer’s cynics find so trou-
bling about disciplines. In short, disciplines, in seeking a problem
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that can be solved, sacrifice some—perhaps, a lot of—perspectival
breadth. The process by which a disciplinary matrix grows is one
in which problems are transformed: problems which are impossi-
ble to solve, for one reason or another, are made into problems
that are both possible to solve, and make the resources of the
disciplinary matrix appear both apt and sufficient. Suppose we
resort to a rather crude example, but one that is fitting nonetheless.
Sustainability problems are notoriously complex for a range of
reasons. At an ontological level we have to understand ecosystems,
climate systems, economic systems, and various social structures,
and how these interact. Conceptually there are problems with
central notions such as sustainability itself, adaptability, social
learning, robustness, vulnerability, and so on. On one suggestion
about how best to understand it, sustainability is framed in terms
of resilience (Gunderson and Holling, 2002).! Roughly, resilience
denotes the ability of a system to absorb a disturbance, or more
specifically, to retain some central property, structure, or capacity
through a disturbance (Holling, 1973; Thorén, 2014). The idea,
then, is that one way of realizing a sustainable society is to make
one that is highly resilient. A sustainable social-ecological system
is a resilient one, the transition to sustainability that is at the
heart of sustainability science can thus be thought of as an issue
of building resilience. Construing the problem of sustainability
in this fashion accomplishes a number of things, one of which is
to cast the resilience framework as a highly plausible, and fitting,
route to progress on solving the problem.? The point is, however,
that this problem transformation is decidedly two-sided. The re-
ductive basis, treating problems of sustainability as problems of

!Several of the papers in this thesis concern the example of resilience. See
Thorén (2014, 2015b); Thorén and Persson (2015).

2Importantly, this does not mean that the resilience framework can imme-
diately, or even at all, solve all relevant problems; but it claims them for the
framework (Hoyningen-Huene, 1993, 177)



30

On Disciplines and Problems

resilience, has both intuitive appeal and has been massively fruitful.
Over the last two decades a vast amount of research has been
produced on the topic. This fruitfulness, however, appears to come
at a price, for when we focus the problem in this way alternative
perspectives tend to get lost in the process. Indeed on closer inspec-
tion the resilience framework suffers from distinct shortcomings.?
What worries Brewer’s cynic, then, is that this trade-off between
identifying a tractable problem to solve and solving the original
problem sometimes goes wrong. Or perhaps, some problems are
too important to treat this way.

The Kuhnian framework also presents Brewer’s cynics with
a real problem. The motivation to transform problems is not
irrational: from problems that are impossible to solve, it creates
problems that are possible to solve. Perhaps these broad challenges
cannot be tackled by any science because they are not specific,
tractable problems but rather vast sets of vaguely interrelated issues.
It is the very act of couching them in a framework that gives them
their distinctness. Then it is not a matter of simply abandoning
the disciplines, for if we do that we also lose sight of the issues.
Consider the problem of sustainability again. Is it really a problem,
i.e. one that we just have to find the correct formulation of? Or
is it a set of problems—perhaps even an infinite set—that can be
carved into concrete tasks in any number of different ways, so that,
in order to get something tangible out of the problem one just has
to relate it to some framework, such as a discipline? The latter is
not an altogether implausible suggestion. John Pezzey (1997) has
suggested that already, in 1989, there were five thousand definitions
of sustainability in the literature. An exaggeration, surely, but
anyway, consider the immense range of different sustainability
problems to which even a few of these definitions would give rise if
they were indeed to differ from one another. The worry could then

3See e.g. Hornborg (2013); Davidson (2010); Jerneck and Olsson (2008).
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be raised that there is no non-arbitrary definition of sustainability,
just an infinite set of variations. The implication would seem to be
that what Brewer’s cynic is calling for—an interdisciplinarity that
can solve the problem of sustainability (or the environment)—is
little more than a pipe-dream. There is no such problem. In order
to get a problem concrete enough to permit a solution at all we
just need to deploy some framework.

In drawing on Kuhn I am seeking merely to accentuate the
issue here. There are certainly alternatives to his views, and the
following sections will compare Kuhn’s perspective with that of
his, perhaps, fiercest critic, Karl Popper. Popper holds a view of
disciplines and problems that is diametrically opposed to Kuhn’s
in many respects, and he therefore provides an excellent counter-
point. Moreover, Popper’s ideal of science seems to be just the
kind of thing that Brewer’s cynic is looking for: a science that is
not affected by petty disciplines, but roams freely through the intel-
lectual domains in pursuit, precisely, of specific problems. Notably,
I will use Popper and Kuhn to discuss interdisciplinarity. This
is a topic neither of them (to my knowledge) took an interest in
directly. Nevertheless their respective ideas concerning the relation-
ship between disciplines and problems suggest distinct perspectives
on the matter. I will here call these perspectives ‘Kuhnian’ and
‘Popperian’, respectively, but it should be kept in mind that I am
not suggesting that these are views explicitly adopted by Kuhn
and Popper.

This discussion may also be of more general interest, as the
interdisciplinary /disciplinary dichotomy is rarely construed as one
that concerns problem solving. Interdisciplinarity, it is argued, is
problem oriented, whereas disciplinarily is not. Julie Thompson
Klein, one of the most prolific writers on interdisciplinarity in re-
cent years, lists five main reasons to engage in interdisciplinarity
in the first place. Three of these—"‘to answer complex questions”,
“to address broad issues” and “to solve problems that are beyond
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the scope of any one discipline™—relate to problems and problem
solving (Klein, 1990, 11).% Just to be clear at this point, there is
of course great intuitive appeal in the picture that some problems,
for one reason or another, cannot be solved within the confines of
a particular discipline. These problems may, for instance, concern
complex phenomena with causal profiles that span several domains.
For example, how are we to account for the sharp rise in ADHD
diagnoses in the US over the past few decades? It seems rather
plausible that an explanation purely in medical terms—i.e. that
ADHD has a neurological basis and is the result of chemical imbal-
ance in the brain—is not going to suffice. We will quite probably
have to seek an explanation which draws on a number of sources,
possibly including practices associated with making the diagnosis,
changes in the social context in which hyperactivity is less accept-
able, the involvement of medical companies anxious to encourage
doctors to prescribe psychotropic drugs to children, and so on (see
e.g. Stolzer, 2007). Clearly, to address this issue properly many
different disciplines will have to be mobilized.

2.2 Popper and Kuhn

The aim of this section is to present Popper’s and Kuhn’s views on
the relationship between disciplines, problems, and problem solving.
I think their respective ideas on these relationships are informative
and fruitful in trying to understand the promises and challenges
that might be involved in interdisciplinary problem solving. 1
am not, however, trying to extract what Popper and Kuhn really
thought about interdisciplinarity. I am instead seeking to provide
a framework in which to set the contemporary debate. Roughly
speaking, Popper drew a sharp distinction between disciplines and
problems, and thus thought that all (proper) science was already

1See also Hansson (1999) and Schmidt (2008).
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interdisciplinary, at least in the sense that it is non-disciplinary.
A scientist, according to Popper, should follow, not his or her
discipline, but the problems, wherever they may lead. Kuhn, on
the other hand, believed problems to be integral to disciplines. For
him problems, in the form of exemplars, were the very basis of
cumulative science. Consequentially, he confined interdisciplinarity
to cases of scientific revolution. Let us begin by looking at Popper’s
thoughts on disciplines and problems.

2.2.1 Popper’s Account

Popper never developed a philosophy of disciplines with the tar-
geted character of Kuhn’s. This is not particularly surprising given
his views—he did not take disciplines to have any particular sig-
nificance, and thus, presumably, saw no point in formulating a
philosophy for them. Nonetheless, he makes a few remarks on the
nature of disciplines in a discussion of the relationship between
the discipline of philosophy and philosophical problems. Here he
embraces a kind of historico-sociological view of disciplines, in the
sense that he does not think of them as scientifically significant
entities at all. He writes:

Disciplines are distinguished partly for historical reasons and
reasons of administrative convenience (such as the organi-
sation of teaching and appointments), and partly because
the theories which we construct to solve our problems have
a tendency to grow into unified systems. But all this clas-
sification and distinction is a comparatively unimportant
and superficial affair. We are not students of some subject
matter but students of problems. And problems may cut
right across the borders of any subject matter or discipline.
(emphasis in original Popper, 1972, 83)
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What is Popper saying here? For one thing, he asserts that although
disciplines have some theoretical content they are first and foremost
the children of accident and convenience. The implication seems to
be that disciplines should not be involved in the problem solving
process, other than perhaps as a kind of receptacle of theories and
methods and so on, which can be drawn from as needed. But even
if disciplines, on Popper’s view, have no dynamic role in problem
solving, they are not necessarily epistemically and cognitively inert.
Importantly, it seems that disciplines may obstruct the problem
solving process, as would be the case if a scientist fails to observe
Popper’s dictum to follow the problems.

There are further aspects to this relationship between problems
and disciplines. One is that no discipline can claim a problem, or
a domain, for itself. Here Popper’s idea seems to be that given a
problem, or a phenomenon of some sort, it is simply contingent
how that problem is eventually solved, or how that phenomenon is
explained. Thus disciplines can never be defined in terms of specific
problems. Popper nonetheless points out that “many problems,
even if their solution involves the most diverse disciplines, never-
theless ‘belong’ in some sense to one or another of the traditional
disciplines” (Popper 1973, 89). That is to say, problems arise out of
“characteristic discussions” of some theory, and theories, as already
noted, are constitutive of disciplines.

From these points three consequences emerge:

1. The first concerns disciplinary influences on the problem solv-
ing process. Since Popper is really embracing a comprehensive
view of disciplines—one that includes historical and social
features, as well as cognitive ones—the claim that disciplines
have no influence on the problem solving process covers two
separate ideas. One is that the broadly social features of
disciplines have no influence on the problem solving process.
The other is that neither do the theoretical, and perhaps
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methodological, contents of disciplines.

2. A second consequence is that Popper views problems as
largely independent entities. That is, they can be transferred
and shared between disciplines freely. This does not mean
that Popper took the grasping of problems to always be
easy, or straightforward, or to be something that can be
done without taking the context of the problem into account
(Popper, 1972, 165f).

3. Third, science proper is fundamentally interdisciplinary in
the sense that all scientists engaged in genuine science have to
be open to—and thus also consider—the possibility that the
solution to the problem they are working on may be found
outside their own disciplines.

The second consequence has an important bearing on the present
discussion. It touches on a central ideal for interdisciplinary prob-
lem solving as it is treated in this thesis. This will become clearer
in the next chapter.

To conclude, Popper’s sharp separation of problems and dis-
ciplines seems to suggest that one should think of all science as
interdisciplinary. Or, more accurately, it implies there is nothing
significant about the disciplinary /interdisciplinary distinction if we
assume that we are confining ourselves to science proper. Notably
this independence of disciplines, which here is interpreted as an
openness to interdisciplinarity, also involves more. Popper empha-
sized the centrality of creativity, stressing that in order to solve
problems, and thus to make progress in science, the scientist needs
to make a “leap of the imagination” (Thornton, 2014). Something
new has to be created. The disciplines, as receptacles of that which
has already been achieved, operate as a conservative force; science,
in order to grow, needs to transcend them.
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2.2.2 Kuhn’s Account

Kuhn modelled disciplines on what he called disciplinary matrices.
He held a view that appears in many respects to be the diametrical
opposite of Popper’s. For Kuhn disciplines are fundamental insti-
tutions of cumulative science, and although they most certainly
have historical, administrative and social features, they are also
instrumental in the growth of science. Now let us go through some
of the main points needing to be made about Kuhn’s views on
disciplines and problems.

2.2.2.1 Disciplinary Matrices

A disciplinary matrix is a complex unit with a range of properties
and features. Kuhn emphasizes four in particular: values, mod-
els, symbolic generalizations, and exemplars (Hoyningen-Huene,
1993, 145fF). Models, in Kuhn’s terminology, are “...what provide
the group with preferred analogies, or, when deeply held, with an
ontology” (Kuhn, 1977, 297f). Symbolic generalizations can be
exemplified by expressions such as f = ma. Scientists belonging to
a disciplinary matrix are committed to a number of such symbolic
generalizations in the sense that nobody will raise objections to
their usage. Values permeate disciplinary matrices; according to
Kuhn they are “more widely shared among different communities
than either symbolic generalizations or models” (cf. Kuhn, 1962,
185). There are values regarding predictions—accuracy, a pref-
erence for quantitative rather than qualitative measures, and so
on (Kuhn, 1962, 185)—as well as theory choice. The most inter-
esting component for present purposes, however, is the exemplar.
Exemplars are prototypical-—or indeed paradigmatic—problems
and problem solutions. They are, at the same time, a record of
past successes and blueprints for future ones. As new members are
schooled into the disciplinary matrix, exemplars serve as instru-
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ments of that schooling: “[alcquiring an arsenal of exemplars, just
as much as learning symbolic generalizations, is integral to the pro-
cess by which a student gains access to the cognitive achievements
of his disciplinary group” (Kuhn, 1977, 307).

2.2.2.2  Problem Acquisition

For Kuhn there are deep analogies between the way in which a
disciplinary matrix educates new members—that is, how the new
members come to embrace the disciplinary matrix—and the way
the disciplinary matrix grows. A new problem is incorporated into
the disciplinary matrix by being expressed as a version of a problem
that has already been solved. This ensures that the resources of
the disciplinary matrix can be harnessed with comparative ease.
Solutions that have already proved successful can be redeployed
with only minimal modification.

Let us look at an example taken from sustainability research.
This example is deliberately controversial, and since it is going to
feature in the discussion several times I will try to spell it out in
some detail.

One of the most long-standing debates within sustainability
science concerns how to interpret the notion of sustainability itself.
A notable division lies between proponents of so-called weak sus-
tainability and those that defend a strong variety. Those favouring
the former typically base their accounts on Nobel laureate Robert
Solow’s work on maintained consumption under conditions when
resources are exhaustible.® Solow wrote several papers on the topic
of sustainability in the late 1970s and early 1980s. Here we will
look at one. In his (1974) Solow argues for the thesis that con-
sumption indeed can be kept constant even if we assume that the
resource base in the relevant economy is limited. In order to make

5See for example Pearce and Atkinson (1993). For a critical discussion also
Gutés (1996).
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this argument Solow makes a number of assumptions. First, he
only considers a specific type of economy, namely so-called Cobb-
Douglas economies. Economies of this kind are captured by the
following function:

Q=Q(L,K,N) (2.1)

The function is to be read as follows, the aggregate output of the
economy, (), is a function of labour, L, man-made capital, K, and
natural capital, N.

A second assumption Solow makes is that there is no technologi-
cal advancement, and a third is that there is no population increase.
One of the more contested assumptions—in fact, the locus of much
of the debate about weak and strong sustainability—is that the
elasticity of substitutions between N and K is “no less than unity”
(Solow, 1974, 41). What this means is that as natural resources are
transformed into man-made resources the value is either retained
or increased. Now, as natural resources slowly diminish their mere
scarcity will make them more valuable, i.e. their value will rise.
What Solow shows is that the rise in value of natural resources
traces precisely—under the assumptions made—the decreasing
availability of those resources. Hence N is kept constant as long
as natural resources are not completely depleted. Since elasticity
obtains K can be kept constant as well. Solow’s argument is built
around a formal proof, and as such, strictly speaking, it only shows
that it is possible, given the assumptions, for consumption to be
kept constant in spite of exhaustible resources. Nonetheless, Solow
himself, at least, regarded the results as reasonably applicable to
the real world.®

In the current discussion these results are taken by some to
show that sustainability is quite possible, and that we should
not worry, primarily at any rate, that some of our resources are

6He described the elasticity assumption as “the educated guess at the
moment” (Solow, 1974, 41).
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exhaustible. Suppose we take the new problem for economists
to pertain to sustainability. Precisely what that problem is, is
of course open to interpretation, but broadly it concerns how to
construct a sustainable society, or what such a society should look
like. Solow, in his original paper, never mentions sustainability.
His contribution was made in a different context. So, Solow’s
problem of consumption maintenance is an exemplar here. It is a
paradigmatic problem and problem solution. The new problem of
sustainability is fitted into this old problem. Interestingly, in this
case almost no modification to the original solution is necessary at
all. All that is needed is a peripheral change of terminology. The
problem of sustainability is re-cast as an instance of the problem of
maintaining consumption under conditions of exhaustible resources,
and the same solution can be recycled.

Needless to say, not everyone agrees that this actually solves
the problem of sustainability (see Gutés, 1996), but from the
perspective of national economics this is how problems are solved.
There will be reason to return to this in more detail later on.

This example, admittedly somewhat crudely presented, nonethe-
less shows how problems may be incorporated into disciplines. On
the other hand, it makes it quite obvious why some would object
to the transformation.

For now it is interesting to note that on Kuhn’s picture there is
no contradiction between being a student of problems and being a
student of disciplines. In normal science disciplines are fundamen-
tal in making the problem solving process work. Exemplars are
central to disciplines, and this leads Kuhn—in a perfect inversion
of Popper—both to think of (normal) science as fundamentally
disciplinary and embrace a much more substantive distinction be-
tween disciplinary and interdisciplinary science. The latter point
depends on how we interpret interdisciplinarity in the Kuhnian
framework, but first let us consider the former: the notion that
normal science is disciplinary.
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2.2.2.3 Normal Science and QOverlapping Matrices

A disciplinary matrix depends on, and is guided by, its previous
achievements as new problems are incorporated. But, as briefly
noted above, disciplinary matrices may share various features:
values, for one thing, but also symbolic generalizations, and perhaps
even exemplars. Is such sharing not reason for engaging in, or
perhaps even accepting a form of, interdisciplinarity? One is
inclined to answer this question in the negative, as any form of
sharing across matrices has so few implications—i.e. these overlaps
never seem to act as causes for further interaction or integration.
For example, in a situation where two matrices incorporate the
same problem we would expect them to transform that problem in
order to make it similar to some exemplar already present within
the matrices. Such a process may have a number of different
outcomes, none of which appears to give us reason to look beyond
the matrix.

First, suppose both disciplines successfully transform the prob-
lem. Then this transformation can be either identity preserving—
that is to say, the original problem is identical to those problems
into which it has been transformed—or not identity preserving. If
we assume both transformations are identity preserving, this just
means that both disciplines could solve the problem. Presumably,
they could do this equally well and independently of one another.
No interaction has been involved in the problem solving process.
Beyond the fact obtaining that the two disciplines have solved the
same problem it might as well have been two different problems;
the sharing has, in itself, no impact on the respective disciplines.
However, where the two disciplines have solved the same problem
in different ways, but obtained the same solution, one may perhaps
draw conclusions about the robustness of that solution, i.e. that it
holds under two paradigms. Or, conversely, in cases where the same
solution is not obtained we may perhaps conclude that at least one
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of the disciplines must be at fault. This looks like something that
could pass as interdisciplinarity, although Kuhn would probably
have noted that such reasoning itself must be carried out from
within some disciplinary matrix. Importantly, since the problems
have been successfully solved within the respective matrices, there
will simply be no need to look beyond them. The fact that the prob-
lem was also solved, but with different outcomes, using different
resources, does not affect the individual matrices.

So assume that one, or both, of the transformations fails to be
identity preserving. Clearly, independence still holds; the disciplines
will have no reason to interact and they still appear to be set on
their own developmental trajectories. Furthermore, since problem
identity is not maintained across disciplinary boundaries, there is
no possibility of making robustness claims about the solutions.

Now we move to the second general alternative: that the trans-
formation is unsuccessful in one or both disciplines. This may lead
members of the matrix to look elsewhere if the failure is deemed to
be serious enough—that is to say, if it is believed that it should be
possible to solve the problem within the discipline, and that the
exemplars already present are of no help. The failure to solve the
problem would be considered a significant anomaly and cause a
crisis within the matrix (Hoyningen-Huene, 1993, 230).

2.2.2.4 Crisis, Revolution, and Interdisciplinarity

During periods of crisis and revolution, Kuhn allows, scientists may
digress from the confines of their disciplinary homes and consider
alternatives. Consider the discovery of the Layden jar. According
to Kuhn this discovery drew on resources from many different
paradigms.

When it began [the process of discovering the Layden jar],
there was no single paradigm for electrical research. Instead,
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a number of theories, all derived from relatively accessible
phenomena, were in competition. None of them succeeded
in ordering the whole variety of electrical phenomena very
well. That failure is the source of several of the anomalies
that provide background for the discovery of the Leyden
jar. (Kuhn, 1962, 61)

Here several potential paradigms were considered before one was
settled on. However, it is important to keep in mind that once such
a paradigm, or theory, or whatever, is settled on, independence is
restored within the discipline. That is to say, a situation will again
arise where the discipline is self-sufficient and can rely on its own
exemplars rather than looking to other disciplines. In the Kuhnian
perspective interdisciplinary transgression can therefore be driven
by a perceived shortcoming of the discipline—one that is alleviated
(in its most extreme case) by radical modification, after which
independence and disciplinarity are duly restored. After a scientific
revolution, the discipline is again isolated from its conspecifics.
Interesting problems arise here. For example, what constrains
problem transformation? In normal science new problems are
bested by casting them as versions of problems already solved.
But what is an admissible transformation? To put this differently,
supposing that disciplinary matrix D incorporates problem P; by
transforming it to problem P, what is the relationship between
P, and P,?7 It seems reasonable to assume that the kinds of
transformation that disciplines engage in to incorporate problems
are not always identity preserving. Kuhn’s many remarks on the
puzzle solving nature of normal science indicate as much; science
rarely tackles social problems head on as they are often impossible
to solve. At best, heavily constrained versions are approached.
Scientists working on the cure for cancer are usually engaged with
something like the mechanism involved in specific mutations of a
specific type of cell, or with trying to establish the risks associated
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with some carcinogen, or with some other small detail. But if
transformations are not identity preserving, why cannot all matrices
solve all problems?

To sum up, then, Kuhn does not distinguish sharply between
problems and disciplines. Disciplines are instrumental in estab-
lishing a cumulative and efficient problem solving process. The
Kuhnian framework suggests an interpretation under which normal
science is disciplinary and interdisciplinarity is confined to periods
of scientific revolution.

2.3 The Challenge of Interdisciplinary Problem
Solving

Popper’s and Kuhn’s views on disciplines and problems can be of
interest to a student of interdisciplinarity for many reasons. First,
they provide an interesting contrast with one another, as they draw
up two very different visions of the interdisciplinarity /disciplinarity
dichotomy. Second, they are fruitful in that they help us to under-
stand the challenges and problems that arise from disciplinarity and
interdisciplinarity. And third, they work jointly as a model of the
ideals and obstacles encountered by contemporary interdisciplinar-
ians. I shall now proceed to discuss these partially overlapping
points in order.

2.3.1 A Comparison

So, let us now compare Popper’s and Kuhn’s conceptions of dis-
ciplines and problems. Popper thinks that problems are, in every
significant way, independent of disciplinary structures. Although
they may arise out of theories associated with one discipline or
other (and thus belong to the relevant discipline), solving them
can be an interdisciplinary affair. This hard separation of problem
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solving and disciplines leads one, on a Popperian conception, to
think of all proper science as procedurally interdisciplinary. That is
to say, a problem may happen to be soluble with the tools available
to a single discipline, but this is a contingent fact, so every inquiry
needs to proceed in a manner that leaves it open to the possibilities
of interdisciplinarity. One way of thinking of disciplinary science
is thus as an outcome in which only one discipline was sufficient
to solve a problem. This makes the disciplinary/ interdisciplinary
distinction philosophically inert and largely unimportant. An-
other possibility is to think of the distinction in the way suggested
above, in which case the notion of a disciplinary science becomes
an oxymoron. Disciplinary science does not pay attention to this
procedural openness, and therefore it does not qualify as science
proper. Regardless of this, interdisciplinarity in this procedural
sense is the ideal, and one that is realized often enough.

Kuhn, on the other hand, in assuming a much less rigid dis-
tinction between problems and disciplines, ends up with a sharp
distinction between disciplinary and interdisciplinary science ren-
dering the former, not the latter, the norm. For Kuhn a discipline
is always guided by its earlier achievements. If two disciplines at-
tempt to solve the same problem they immediately reformulate and
rephrase the problem so as to make it look like problems already
solved in the respective disciplines. One suspicion here is that the
identity of the problem in question cannot be maintained during
this process of transformation. That is, when the disciplines recast
the shared problem we end up with two new problems that are
neither identical nor even sufficiently closely related. Moreover,
even if a significant relationship—whatever that might be—holds
between the two new problems, it is still the case that the two dis-
ciplines are independent. If the transformation succeeds, it follows
that the discipline can solve the problem, as it were, on its own.

Where Popper represents interdisciplinarity as rather easy, or
in any case no harder than science in general, for Kuhn it be-
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comes all but impossible. The disciplines are trapped on their own
trajectories and will follow them until they eventually collapse.
Even if overlaps are perhaps not impossible, they never motivate
interaction. Taken alone, both pictures are unattractive. Let us
discuss Popper first.

2.3.1.1 A Popperian Conception of Interdisciplinarity

Popper’s argument is appealing for many reasons. For one thing, al-
though he was perhaps mostly concerned with normative questions,
there are reasons to think that Popper’s claims are descriptively
accurate—at least, in the sense that disciplinary boundaries are,
in many respects, quite permeable and such that ideas can often
be transferred freely across them. The sociologist Timothy Lenoir
writes:

Scientists at the research front do not perceive their goal
as expanding a discipline. Indeed, most novel research,
particularly evident in contemporary science, is not confined
within the scope of a single discipline but draws upon the
work of several disciplines. If asked, most scientists, I
assume, would say they work on problems. Almost no one
thinks of her- or himself as working on a discipline. (Lenoir,
1993, 77)

There are also more concrete examples of this permeability. Stephen
Kellert (2008) has shown that what is popularly called ‘chaos
theory’ has spread from its roots in climate science to both law
and literature studies. Such imports are naturally associated with
certain hazards, and they are not always successful, but the example
shows that individual scientists are not always slaves to their
disciplines.

Moreover, from a normative, rational point of view it seems
intuitive: when presented with a problem, it is an error on the part
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of the problem solver simply to assume that a certain set of tools
are the most appropriate. This is also how interdisciplinarity is
often discussed, as was pointed out in the beginning of this chapter.
Interdisciplinarity is a return to problem solving, away from myopic
disciplinarity.

Importantly, here, although proper science is something the
Popperian is committed to regarding as interdisciplinary, it is
only interdisciplinary in a procedural sense, taking the form of
an openness to contingencies to which scientists should be recep-
tive. Although tolerance and humility are probably virtues in an
interdisciplinary context, there is more to interdisciplinarity—and
especially collaborative interdisciplinarity—than that.

This notwithstanding, two concerns can be raised. One is
that the Popperian conception trivializes interdisciplinarity. Many
scientists engaged in interdisciplinary collaboration will certainly
vow to the contrary. Deep challenges of the sort that are difficult to
overcome are involved in the genuine crossing of boundaries. Kellert
mentions a few such challenges associated with borrowing. For
instance, as the example of chaos theory shows, the importers often
only have a superficial understanding of the context into which
that which they import originally fitted. This may be important
in order to obtain a proper idea of the conditions of validity of
the framework in question. Other well-known problems cluster
around the establishment of mutual understanding. As Donald
Campbell (1969) once noted, the inwardly directed communication
of disciplines—their ethnocentrism—quickly leads them to isolate
themselves from one another linguistically. To overcome this can
be difficult, and sometimes it involves developing a whole new,
common language (Galison, 1997; Collins et al., 2007).7

The second concern involves a problem of classification. If the
Popperian view of interdisciplinarity is indeed construed this way,

"See also Chapter 5.
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then any instance of good science is also an instance of interdis-
ciplinarity. So, one wonders, are the cases of exemplary science
to which Popper frequently returns, such as Einstein’s theory of
general relativity or Newton’s celestial mechanics, really what con-
temporary interdisciplinarians are looking for?

The last observation that needs to be made about the Popperian
view is this: it does not provide us with much in the way of an
analysis of the difficulties associated with interdisciplinarity. What
it does provide is a rational underpinning for boundary crossing,
tolerance and open-mindedness.

2.3.1.2 A Kuhnian Conception of Interdisciplinarity

What is the appeal of Kuhn’s position? One attraction is that it
gives us a way of analysing cases that are promising (the Solow case
described earlier is perhaps just such a case). Thus one way in which
the Kuhnian model may appeal is also its descriptive adequacy. The
transformation of Solow’s maintenance of consumption problem
into a sustainability problem may well be controversial within other
disciplines, but in reality it illustrates just how disciplines always
go about solving problems.

Despite this potential descriptive appeal there are at least two
problems. The first is that it is not obvious what the normative
implications of Kuhn’s position are. One reason we might be
interested in interdisciplinarity as philosophers is because we want
to say something about when, and under what circumstances, it
fails or is successful. Within the Kuhnian framework it is decidedly
difficult to do this. Determinations of whether a problem is, or is
not, solved are ultimately dependent on the disciplines themselves.
The validity of a solution to a problem within a discipline does not
seem to reach beyond the boundaries of that discipline; it can be

challenged on a number of different grounds in a different discipline.

There are no general criteria to hand to be used, and framing some,
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for example, in terms of robustness, is quite problematic—especially
as it seems that both the criteria connected with determining
whether or not a problem is solved and the criteria governing
permissible transformations of problems are bound to disciplines.
All we can do, it seems, is to conclude that whatever the problem
is that can be transformed in such a way that Solow’s contribution
is a solution for economists can be transformed into other problems
for other disciplines in such a way that Solow’s problem is not a
solution. At least, we can do this if we assume no other mistakes
have been made. This leads us to the second problem. One may
harbour doubts about the descriptive accuracy of Kuhn’s remarks.
There seem to be plenty of examples of problems that are jointly
solved by conglomerates of disciplines within the confines of normal
science. Let us briefly review another example. The problem of
describing the circulation of CO5 in the climate system involves
input from a number of different disciplines. Ocean water has a
rather complicated chemistry and acts as a buffer solution, and it
therefore dissolves much less CO5 than it otherwise would. COs
is stored in geological and biological deposits which circulates at
extremely differentiated rates. The mechanisms involved here are
chemical, biological, geological, and physical. How are we to think
of these cases? Are they all examples of scientific revolution?
Probably not. But then, what are they? Here a growing literature
has emerged in which boundary objects (Star and Griesemer, 1989)
trading zones (Galison, 1997) and interactional expertise (Collins
and Evans, 2002) are invoked to account for such contacts.

2.3.2 Obstacles to Integration

Another way of approaching Popper and Kuhn in this context is
to look at what types of problem, or challenge, each view presents
to those interested in engaging in interdisciplinarity. Here Kuhn’s
account is richer, but there are still lessons to draw from the
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Popperian view. Although the challenges facing interdisciplinary-
minded scientists under the Popperian framework are the very
same challenges that face any scientist, they may be compounded
by the actual state of affairs in science. This has nothing to
do with incommensurability, but is rather the upshot of more
mundane features. Science has been growing in a number of distinct
dimensions exponentially since its advent (see e.g. Weingart, 2010).
Derek Price once remarked that 80-90% of all the scientists who have
ever been around are active right now, and that it has been like that
since the dawn of science (Weingart, 2003, 184). In 1830 there were
about 300 scientific journals; in 2003 the number was somewhere
around 40 000 (Weingart, 2003). The point here is that the amount
of work produced cannot be surveyed by any single individual
without aid. Thus, if we are to believe Weingart, science has
been compartmentalized. This compartmentalization could have
been carried out according to any number of different principles,
but since it appears to be strongly self-reinforcing, a number of
challenges arise. Some concern precisely the principles involved in
the division itself, others, how to keep these compartments from
committing to various errors. Donald Campbell’s fish-scale model
of interdisciplinarity, where individuals work with interlocking
expertise, is an example of a system that promises to address both
issues (Campbell, 1969; Klein, 1990).

On the Kuhnian picture interdisciplinarity is much more chal-
lenging. As already pointed out, although overlapping matrices are
not precluded, they appear to have no procedural impact. That
two disciplines share values, or even an exemplar, is no reason for
them to interact. All problem solving is still handled internally. We
have already noted what is perhaps the most pressing issue facing
the interdisciplinary-minded scientist in the Kuhnian framework:
how interdisciplinary problem solving and disciplinary problem
transformations are to be constrained.
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2.3.3 Popper’s Ideals, Kuhn’s Problems

Now, can the suggestions discussed above somehow help us model
contemporary calls for interdisciplinarity? It would seem so. For
example, it is striking how well Popper’s ideal science coincides
with the ideals of many proponents of interdisciplinarity. What
Brewer’s cynic appears to want is precisely for scientists to follow
the problems. That is, in itself, an interesting observation, since
Popper seemed to think that this ideal was, more or less, realized in
the science of his time—not always, naturally, but nonetheless often
enough. Presumably Popper saw himself as a problem follower.
This prompts the question, has anything in particular happened
in the sciences since the 1970s when Popper made his remarks
that has significantly changed its character? As contended above,
science has most certainly grown in many respects, but whether it
has reached a threshold since then that changes science radically
is more uncertain. Or perhaps the question is misstated. Many
of Popper’s favourite examples of science are somewhat distant:
Galileo, and perhaps even Einstein, worked in a context quite
different from the present one. For example, in the contemporary
discussion interdisciplinarity is commonly conceived of as having a
strong social component, in that it is imagined as a phenomenon
that spans disciplines in terms of both of their cognitive and their
social /institutional features. A project like sustainability science
is meant to involve not only the cognitive contents of the natural
and social sciences, but also natural and social scientists. Popper,
perhaps, was more concerned with individuals drawing on vari-
ous resources from different places. In such a perspective many
of the issues discussed in the contemporary literature—such as
aforementioned Galison’s (1997) interdisciplinary languages and
the interactional expertise of Harry Collins (2002)—mnever really
materialize. Perhaps frameworks matter more when ideas cannot
migrate together with individuals. It is not an implausible sug-



2.3 The Challenge of Interdisciplinary Problem Solving

51

gestion, and it gains some traction in the literature (see Weingart,
2010, 2003).

If we can think of interdisciplinarian ideals as Popperian, per-
haps we can conceive of the short-comings interdisciplinarians
perceive in ‘traditional’ science as Kuhnian—that is, see interdisci-
plinarians as seeking to realize Popper’s ideals in a Kuhnian world.
This proposal has a certain allure. For one thing, we may get a
sense of what the issue is with disciplinary science. As the Solow
case indicates, the transformations that disciplines undertake in
order to obtain a workable problem formulation can sometimes
be highly controversial. It seems that, although it is not always
easy to specify precisely what is wrong with such a transforma-
tion, the solutions that emerge are rather limited in scope. This
gives meaning to the charge of that the disciplines are parochial.
Moreover, the idea that transformations are necessary hints at the
depth of this issue. It is not just about breaking the ranks and
changing practices. After all, the transformation process generates
problems that are possible to solve from those that are more or less
impossible to solve.

Crucially, this does not necessarily mean we must accept Kuhn’s
picture as universally valid. As already pointed out, there is more
than enough reason to hesitate. Nor, moreover, is it necessarily the
case that these issues always arise in interdisciplinary collaborations.
It may well be that occasionally interdisciplinary collaboration goes
smoothly, not because these challenges are overcome, but because
they never arose in the first place. However, there seems to be no
such luck in the case of sustainability science.

Interestingly, it is on this point Popper, Kuhn, and interdisci-
plinarians all seem to converge. Kuhn often remarked about the
kinds of example that Popper preferred that they were not in-
stances of normal science, but extraordinary science (see e.g. Kuhn,
1965). If we grant Kuhn’s remarks on this issue, then Popper’s
ideals too, are not the ideals of normal science, but of scientific
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revolutions. Indeed, it is under such circumstances that Kuhn
himself allowed for a kind of interdisciplinary consideration to take
place. The Leyden jar example shows that. The problem, then,
for the interdisciplinarian is to show how Popperian ideals can be
reached within a Kuhnian predicament.

2.4 Looking Ahead

Now, let us glance at the chapters to come. The discussion of the
distinction between problems and disciplines is an important back-
drop, because a central theme in the pages to come revolves around
problem transfers and problem sharing—here called problem-feeding
(Thorén and Persson, 2013). If interdisciplinary collaborations are
to proceed, the transfer of information between them is quintessen-
tial, and sometimes that exchange concerns problems. Such ex-
changes are highly important in many forms of interdisciplinarity,
as will be argued at length in the next chapter. A leading idea is
that problem solving is, at least at times, a process that involves
both deepening the understanding of a problem and transforming
it to fit the resources available. In interdisciplinary problem solving
both of these features need to be taken into account. A framework
will be developed in which one can model such transformations
between disciplines more precisely.

If we think of the transformation process involved in incor-
porating new problems into a discipline as one, at least to some
extent, of fitting the problem to the resources, interesting challenges
emerge for the interdisciplinarian. For one thing, we obtain some
explanation as to why interdisciplinarity so often appears to end
up in ‘mere’ multidisciplinarity. Unless there is coordination of the
transformations of problems at some level, different disciplines will
interpret problems according to the resources they possess. The
question thus arises, what about situations where such problems
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do not arise? A recurring topic in this thesis concerns precisely the
sharing and shifting of problems as an important and useful form of
interdisciplinary exchange. The central question then becomes, not
one of how to interpret Kuhn, but how the isolationist tendencies
are overcome in practice. In particular, what degree and type of
integration is a prerequisite of such exchanges?

Another issue that will be addressed concerns the ‘wayward’
side of information exchange: disciplinary imperialism. Although
interdisciplinarity is again very much in vogue—as it has been a
number of times in the past—the frequent intrusions by disciplines
into one another’s intellectual domains are often fiercely resisted.
In chapter 4 this topic will be discussed in detail, and an account
based on the problem-feeding framework will be proposed.






Chapter 3

Sharing and Transferring
Problems

3.1 Introduction

N THIS CHAPTER the discussion will focus on certain features of
I joint problem solving between disciplines, and in particular on
problem sharing and problem transfer. That joint problem solving
will often, perhaps always, involve the sharing of a problem—at
least, at some level—seems intuitive. The transferring of problems
can be seen as one way of attempting to realize Popper’s ideals
in certain contexts. Popper, as we have seen, advocated that
scientists should follow the problems and thus feel free to draw on
the resources of any discipline in order to solve whatever problem
they might be working on. Sometimes, however, that practice may
not be rational or even feasible. Perhaps the resources in question
are too complex or difficult to grasp, or perhaps there is simply
insufficient time to wait for the problem solver to gain mastery
of the required assets. Then it seems more rational to export
the problem, rather than import the tools. Instead of scientists
and researchers venturing out to acquire whatever tools they need,
they might instead out-source the problem solving by transferring
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the problem itself to someone already in possession of the right
tools. Moreover, problem transfer is of both general importance,
as it is fundamental to problem sharing, and specific interest to
sustainability scientists.

This chapter will be structured as follows. First, I will introduce
the problem-feeding model for interdisciplinarity. This idea recurs
in the papers that constitute this thesis. It departs from the
notion that sometimes problems arise within a discipline, or field,
although they cannot be solved within that context. In such cases
the problem can be transferred to a context that is more appropriate.
In the section that follows some general features of sharing and
transfers will be discussed, and I will then approach the issues
raised by Kuhnian challenges outlined above.

3.2 Problem-Feeding

The problem-feeding model (Thorén and Persson, 2011, 2013; Thorén,
2015a) builds on the intuition that, sometimes, problems arise, or
are discovered, in a discipline where they cannot be solved. In such
circumstances there are two rational courses of action: one is to
import the resources to solve the problem, the other is to export
the problem itself. Problem-feeding takes the latter form.

The importance of transferring problems has been highlighted
before. In an early and influential contribution to the literature on
interdisciplinarity, Muzafer and Carolyn Sherif (Sherif and Sherif,
1969) analyse the following example. In the metabolic ward of Dr.
William Schottstaedt it was discovered that a range of physiological
measures related to the metabolism of the patients correlated with
the “vicissitudes of interpersonal relationships among patients, with
nurses and doctors, and with visitors” (Sherif and Sherif, 1969, 6).
Not only that, one could observe connections between metabolic
measures and a range of social features—the patients’ financial
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situations, their family background, and so on. Thus it turns
out that the metabolic issues that Schottstaedt took to be wholly
within his medical expertise actually required demographic and
social investigation. Sherif and Sherif do not reveal the outcome of
this realization, but it is easy to see the opportunity for exporting
the problem.

Another notable case illustrating the transfer of problems fea-
tures in Darden’s and Maull’s (1977) seminal paper on interfield
theories. Interfield theories are essentially hypotheses about the
‘ontological’ connection between fields. An example is when one
field studies the function of a structure studied in another field.
The interfield theory, then, is precisely the supposition that the two
fields are connected in that way. The chromosome theory of the
gene is an example of interfield theory, as it places the gene—an
entity stipulated in Mendelian genetics—on the chromosome, an
entity observed by cytologists. Darden and Maull connect the
establishment of interfield theories with the transfer of problems.
They write:

In brief, an interfield theory is likely to be generated when
background knowledge indicates that relations already exist
between the fields, when the fields share an interest in
explaining different aspects of the same phenomenon, and
when questions arise about that phenomenon within a field
which cannot be answered with the techniques and concepts
of that field. (Darden and Maull, 1977, 50)

The idea was further elaborated in a paper from the same year by
Nancy Maull (1977). She approached the issue somewhat more
explicitly under the label of problem shifts.

It is possible for problems to arise within a field even though
they cannot be solved within that field. Their solutions may
well require the concepts and techniques of another field.
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In this case, we say that the problem “shifts”. (emphasis in
original Maull, 1977, 156)

Maull argues that what she calls proper terms can connect fields
(in her case on different levels of description). A term is shared
between fields when it is, what she calls, a proper term of both
fields. Maull deploys this notion somewhat differently from the
way it has been understood by others. She does not think of this a
semantic relationship. In fact she explicitly distances herself from
debates on meaning change. Rather (as far as I understand Maull
here) she focuses on the presence of a common phenomenon to
which both fields have epistemic access. This allows the resources
of both fields to be deployed in exploring that phenomenon. Thus
the knowledge claims associated with the term in question can be
modified and revised from several fields. In this way a problem—
such as accounting for the concrete nature of mutations—can be
‘shifted’ from one field to another.!

In both of these papers more specific issues are discussed than
we are interested in here. In Darden and Maull (1977) the focus
is on the relationships obtaining between fields, whilst for Maull
(1977) the aim is to spell out relationships between fields that are
on different levels of description. I will therefore refrain from using,
for instance, Maull’s notion of a problem shift, as it is so strongly
associated with her framework. I will instead deploy the label
‘problem-feeding’, since it is meant to be broader, and to include
both fields and disciplines (to the extent these are in fact distinct)
and also a range of other types of context.

!Maull does not, in her paper, refer to Kripke’s modal semantics and the
notion of rigid designation (see Kripke (1980)), an idea that immediately comes
to mind when one reads her. It is thus hard to say to what extent her ideas and
Kripke’s are comparable. See also Thorén and Persson (2015) for a discussion
on the role of definitions and rigid designation in the context of sustainability
science.
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Problem-feeding can occur in many ways, but one important
distinction that can be drawn is between unilateral and bilateral
problem-feeding. The former concerns cases where one discipline
depends on another for problems, but there is no reciprocity in the
exchange. Todd Grantham (2004) mentions a form of practical
integration he calls heuristic dependence of which this notion of
unilateral problem-feeding is reminiscent. For instance, philoso-
phers of physics may draw on physics to find interesting problems.
However, these problems are not always problems that physicists
themselves think of as important. That is to say, presumptive
solutions are unlikely to be fed back. In bilateral problem-feeding,
on the other hand, there is a component of division of labour and
reciprocity. A discipline encounters a problem that is perceived as
important but resists solution within the discipline. The problem
is thus outsourced to an appropriate alternative discipline or field,
and when it is eventually solved the solution is fed back into the
discipline of origin. In Darden’s and Maull’s examples the type of
problem-feeding that is occurring is bilateral. Again, the chromo-
some theory of the gene is a good example. The gene (or factor)
had been stipulated in Mendelian genetics, but its physical nature
was not known. As the gene was found to be located on, or in, the
chromosome, Mendelian geneticists could use this to explain why
assortment is not perfectly random. Genes close to one another
tend to be inherited together, and this skews the ratios slightly
(see Darden, 1991; Thorén and Persson, 2013). In the remainder of
this chapter the focus will be on bilateral problem-feeding.

Prima facie the problem-feeding model is of immediate relevance
to sustainability science in particular, as that field can itself be said
to be founded on an attempted problem transfer. The recognition
that, for example, climate change is an issue of concern to both
natural and social sciences was originally made by ecologists and
climate scientists.

The model is also of more general relevance, as problem-feeding
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is fundamental to all kinds of problem sharing. Here is a general
argument for this point. Let us assume a minimal case. Two
disciplines, Dy and D,, are to be involved in solving problem P.
Here either P is recognized, or taken note of, by both disciplines,
or it is not. In the latter situation the case is trivial—the problem
has to be transferred. In the former it appears that in order for D,
and Dy to recognize that they should both be involved in solving P
there needs to be a mutual transfer of both versions of the problem
so that the comparison can be made. Thus the transfer of problems
between disciplines is fundamental to all types of joint problem
solving.

Before we conclude this section it is important to say some-
thing about how problems can decompose into sub-problems. In
situations of joint problem solving it will often be the case that
an overarching problem is shared as a problem that falls apart
into smaller sub-problems that can be solved individually, in the
interdisciplinary case, by different disciplines. With such problems
the solution to the overarching problem is the aggregate of the so-
lutions to the sub-problems.? Hence the transfers concern both the
overarching problem and, many times, the various sub-problems.
Alan Love (2008; see also Brigandt, 2010) has used the notion of
problem agendas to describe this kind of situation.? Love (2008)
distinguishes problem agendas from individual problems, the latter
of which can be either empirical or conceptual (see Laudan, 1977).
He writes:

A problem agenda, by contrast [to an individual problem],
is a “list” of interrelated questions (both empirical and con-
ceptual) that are united by some connection to natural

2Contrast this with cases where solutions from different disciplines are all
complete solutions to the problem (and thus competing).

3See also Mitchell (2002, 2003, 2009). Her account of integrative pluralism,
which is discussed in Chapter 5, is clearly relevant here.
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phenomena. For example, how do questions concerning
greenhouse gas contributions from plant respiration, along
with many other questions about emission-related phenom-
ena (anthropogenic or otherwise), including their interac-
tion with systematic cycling and atmospheric dynamics,
get answered with respect to global warming phenomena?
Problem agendas are usually indicative of long-term inves-
tigative programs and routinely require contributions from
more than one disciplinary approach. Cross-disciplinary
interactions of this kind rarely occur spontaneously and are
often driven by a commitment to similar questions. (Love,
2008, 877)

Although Love does not focus on transfers of problems directly,
some transferring needs to be occurring in order for a problem
agenda to be established in the first place.

There are plenty of examples of what appears to be problem-
feeding and there is a good rational basis for problem-feeding as
a practice, but issues arise over exactly how problems are to be
transferred—at least, if we are to take the Kuhnian concerns raised
in the previous chapter seriously.

3.3 Two Phases of Problem Solving

Where in the problem solving process does problem-feeding occur?
Let us begin by taking a step back and discussing problems and
problem solving more generally. Thomas Nickles (1980; 1981)
suggests we think of a problem as follows:

A problem is a set of constraints (better, a constraint struc-
ture) plus a demand that the object (or an object, etc.,
depending on the selection properties of the demand) delim-
ited or ‘described’ by the constraints be obtained. (Nickles,
1981, 31)
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The constraints in question concern admissible solutions to the
problem; they tell us what the solution should look like. We will
use a definition based on Nickles” account:

Definition: A problem is a pair (C, D) where C' is the set of all
constraints on the solution(s) to the problem, and D is a
demand that the problem be solved.

First, a general remark. This definition differs from other sugges-
tions as to the nature of problems in that it does not construe
problems in terms of the admissible answers themselves (see e.g.
Belnap and Steel, 1976). The main advantage of this is that it
offers a way of understanding how features of a solution may be
known to a problem solver without that problem solver actually
having the solution. The idea that we can maintain a distinction
between having knowledge of a problem and having the solution to
the problem is highly intuitive, not least because not all problems
have solutions despite appearing to be well understood. For ex-
ample, producing an analytical solution to the n-body problem by
reducing the dimensions of the system using first integrals turned
out to defy solution not primarily because we have no idea what
such a solution would look like, but because there is none (see
Diacu, 1996).

Second, Nickles’ conception of a problem is very abstract, and
the notion of a constraint is quite broad. For one thing, there are
clearly different kinds of constraint, and one might find it useful
to differentiate between them on occasion. Some constraints are
open, as Reitman (1964) famously remarked. Some are explicit,
and some are implicit. Some are necessary, others redundant or
peripheral, and so on. Moreover, there may be relevant differences
between different types of problem (e.g. producing a formal proof,
explaining some hitherto unexplained phenomenon, predicting an
event, the concrete operation of shifting a system from one state
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into another, and so on). These potential differences become muted
when the above definition is accepted.

What precisely are these constraints, then? Nickles’ paper is
curiously void of examples, but hints can be found in Love’s paper
(Love, 2008). Love uses a somewhat different terminology. Rather
than discussing constraints, he associates problems with criteria
of explanatory adequacy which are necessary in order to assess
whether a solution is acceptable or not. He mentions examples of
such criteria—e.g. “logical consistency for a conceptual problem, or
the need to include a causal factor when addressing an empirical
problem” (Love, 2008, 877). Precisely what constraints are associ-
ated with specific problems is, as we shall see, often contentious,
but consider the following. Suppose the resilience theoreticians
are right in their thinking about things such as sustainability and
sustainability transitions. If they are indeed so, then the problem
of making a social-ecological system sustainable is really about
making it as resilient as possible in the face of certain types of
disturbance. This is in itself a massive constraint on admissible
solutions: if problems of sustainability are really about resilience,
their solutions will have to be put in terms of certain types of
mechanism and interaction. For example, relevant events (such
as collapses and regime shifts) are to be explained in terms of
structural features, like interactions between driving variables and
parameters in the system. Such constraints exclude large swathes
of possible solutions.

Some constraints, clearly, appear to be more closely related to
specific disciplines. For example, the expectations we have about
what it would be for a physicist to have solved a problem may be
quite different from the expectations with which judge a literature
scholar. There are, within each of these disciplines, restrictions
regarding what solutions in general are allowed to look like. These
will sometimes be trivial in the sense that they are not particularly
exclusive—a matter of form only, perhaps. At other times they may
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be highly exclusive. Think only of the propensity of economists to
solve problems within a formal framework. The precision offered by
the method comes at the cost of often having to deal in obtrusive
idealization.

Now, to return to the process of solving problems. Roughly
speaking, we can, on this definition, discern two phases in the
problem solving process. In the first, the exploratory phase, the
problem itself is the immediate object of enquiry. The aim here
is to acquire a sufficient understanding of the problem—that is to
say, to reveal the set of constraints C that is constitutive of the
problem we are trying to solve. In the second phase, what might
be called the derivational phase, the aim is to obtain a solution
given a full, or sufficiently articulated, set of constraints C. Let us
abbreviate these phases as phase-1 and phase-2, respectively.

Further, we need to distinguish between the problem itself and
problem formulations. The problem itself is an abstract entity that
‘objectively’ exists given some theoretical contexts. Problems arise
in two ways: out of tension between, say, some expectation, or
ideal—for example, a theory—and some perceived state of affairs,
such as an observation; or out of inconsistencies between two the-
ories. These correspond roughly to Laudan’s distinction between
empirical and conceptual problems (Laudan, 1977). A problem
can exist without being noticed or acknowledged. For instance,
inconsistencies between the consequences of some theory and cer-
tain observations are not always immediately obvious. A problem
formulation is thus a representation of a problem, and it can be
more or less accurate. Phase-1 involves producing increasingly
accurate problem formulations successively until a formulation is
reached that is sufficiently precise that the process can move into
phase-2.

The solution to a problem P is a function of the set of constraints
C € P. Here we will write S(P) and by that designate the solution,
or solutions, to the particular problem P. In Equation 3.1 P(x) are
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successive problem formulations. P(0) is a problem formulation
from which a solution can be obtained. In the ideal case it is either
identical to the problem it represents or otherwise accurate enough
as to pick out a solution that is also a solution to the problem.

phase—1
————

phase—2

What does this tell us about interdisciplinary problem solving?
Before we attempt to answer this question we shall make an as-
sumption: most problem solving work takes place in the explorative
first phase—as Simon once put it, “there is merit to the claim that
much problem solving effort is directed at structuring problems,
and only a fraction of it at solving problems once they are struc-
tured” (Simon, 1973, 187). That is, the explorative phase often
takes up more resources and time than the derivative phase. We
can therefore adumbrate problem solving in phase-2 rather briefly.

3.3.1 Interdisciplinarity in Phase-2

Suppose we have an interdisciplinary problem (i.e. a problem to
which several disciplines have some contribution to make) P. As-
sume that in P phase-2 has been reached. Then it is the case: (a)
that the set of constraints C' of P is fully, or sufficiently, understood;
and (b) that P is considered to be worth solving by members of
all of the disciplines involved (i.e. D is met).

Intuition then suggests that the specific tools at the disposal of
different disciplines—what Bechtel (1986) calls the cognitive tools
(theories, methods, models, etc.)—are brought to bear on the issue
at hand.

Examples of this kind of problem may involve producing ex-
planations of complex phenomena where, for instance, different
causes ‘belong’ to the domains of different disciplines. A homely
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example for the sustainability scientist would be problems relating
to explaining changes in the climate system. Here the underlying
causes of the kinds of event one is interested in—such as the gradual
warming of mean surface temperature over the past century, or
changes in the chemical composition of the atmosphere—belong to
the domains of a range of different disciplines.

There are issues specific to phase-2. For example, to what
extent do the disciplines need to overlap, and in what sense do
they need to be different if the interdisciplinarity is to be genuine?
However, here those problems will be put to one aside. Instead we
shall move on to focus on the first phase of problem solving.

3.3.2 Interdisciplinarity in Phase-1

Two general arguments can be made for the potential benefits of
interdisciplinarity in this part of the process. One relies on adding
constraints (or providing more precise ones) in order to narrow
the solution space; the other concerns the revision, or sometimes
subtraction, of constraints in order to obtain, say, a more broadly
valid, or in other words more robust, solution.

3.3.2.1 Constraint Addition

Here is one rudimentary, though intuitive, model. We have a
problem P which is not fully formulated: C' is not completely
known. One consequence of an underdeveloped knowledge of C' is
that one cannot provide a sufficiently narrow solution space. An
obvious way in which additional disciplines might contribute is
by supplying more, or more precisely formulated, constraints. As
these are applied the solution space can be successively narrowed
until it is adequately downsized. A form of this model was sug-
gested already in 1948 by Wassily Leontif as a way of conceiving
of interdisciplinary relationships (Leontif, 1948). Leontif modelled



3.3 Two Phases of Problem Solving

67

Interdependence Non-Interdependence

Solution Space

Discipline A
Discipline B

Figure 3.1: Two Interdisciplinary Relations

the situation with Venn diagrams overlapping in different ways
(Figure 3.1). In situations where the intersection is neither empty
nor identical to the solution space defined by either discipline (I call
this interdependence in Figure 3.1) interdisciplinarity is warranted
(even necessary) on Leontif’s account. We can isolate at least two
motives behind constraint addition. The first is exploratory and
aims to reveal the constraints associated with the problem at hand.
There are many examples of problems in which several disciplines
have to be recruited in order to provide a proper understanding
of what a solution might look like. One is: the problem of under-
standing how carbon cycles through the climate system cannot be
completely solved unless one is able to integrate resources from
physics, oceanography, chemistry, biology, ecology, at times even
economics, just to mention a few.*

This particular problem involves a kind of compartmentaliza-

1See Weart (2003), Edwards (2010), and Bolin (2007).
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tion of the problem space allowing the overarching problem to be
sub-divided and solved individually. Interest in the influence of
atmospheric carbon on the temperature of the earth was originally
related to ice-age theory. Geological oddities, such as the misplaced
boulders, drumlins and eskers which could be found around Europe,
had been hypothesized to be the result of one, or several, ice ages.
But if the earth had been considerably cooler in the past, then
the climate system apparently could change. This prompted the
question: how? Joseph Fourier had already, in the 1820s, suggested
that gas concentrations may be involved in heating and cooling, as
they could trap energy in the form of heat. John Tyndall, following
Fourier’s lead, proceeded to find candidates for such “greenhouse
gases” and concluded that both COs and ordinary water vapour
qualified. In 1896 the Swedish physicist Svante Arrhenius produced
the first quantitative climate model to describe the impact of var-
ious concentrations of CO, in the atmosphere on mean surface
temperature at different latitudes (Arrhenius, 1896). But Arrhe-
nius’ model—although the estimates it produced, curiously, are
actually close to current best guesses—was simplistic and could
not accurately represent the climate system.

Arrhenius was himself well aware of some of these problems
and noted, for instance, that the ocean was likely to play a role
unaccounted for in the model. In actual fact, several important
oceanic mechanisms were not properly understood until the mid-
1950s, when the joint efforts of Roger Revelle, Hans Suess and
Harmon Craig at the Scripps Institute connected the chemical
properties of the ocean (specifically, the fact that it is a buffer
solution) with its mechanical behaviour (the fact that horizontal
turn-around between layers is very slow) (Revelle and Suess, 1957,
Craig, 1957).° In other words, Arrhenius was not aware of all the

5One should also mention Bolin and Eriksson (1959) who spelled out the
consequences of Revelle’s and Suess’ somewhat subdued point and made a
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constraints involved in his problem; and these constraints would
be added, one after the other, over many ensuing decades (the
process goes on still). This process of adding constraints has been a
distinctly interdisciplinary one: Revelle and Suess (1957) revealed
an important mechanism in the oceans, others have described the
role of biological matter, and so on.

The other motive is not exploratory, but pragmatic, and involves
solvability as a virtue in itself. Certain problems are open or ill-
structured, in that they do not appear to have a solution space that
can be non-arbitrarily delimited (Reitman, 1964). The standard
example here, which happens to be non-scientific, is the problem of
composing a fugue. A problem solver approaching this issue will, in
order to solve the problem, aim for something considerably narrower
than the ‘actual’ problem. For any set of solutions to this problem,
there will always be one that is not included in the set. Often
enough, scientific problem solving shares this feature. A broad, or
open problem, is reinterpreted as a more specific one. In a way,
Arrhenius’ numerical climate model is an example; the problem he
was interested in was how CO, affected mean surface temperature.
He treated this issue—via a range of different idealizations and
simplifying assumptions—as a mathematical problem, and duly
solved it. The problems that confront us in sustainability science are
perhaps even more obvious examples. Again, the idea that Solow’s
argument that maintenance of consumption under situations of
limited resources shows us how to realize a sustainable economy
also involves introducing many further constraints on what is to be
thought of as a solution. If sustainability is indeed a concept that
it is impossible to capture precisely, as some have maintained, then
it is necessary to introduce constraints in this fashion to procure a
problem that it is so much as possible to approach. Let us call this
type of arbitrary constraint addition pragmatic.

wider audience aware of its implications.
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Figure 3.2: The Nine Dots Puzzle

For one reason or another it may be impossible, or very hard, for
a single discipline to provide even arbitrary constraints to narrow
the solution space of a problem sufficiently, and hence there may be
reason to draw on several disciplines when solving an open problem.
Interestingly, interdisciplinarity is at times seen as a virtue in itself,
so that drawing on several disciplines is regarded as preferable to
drawing on just one, even where that is possible.

3.3.2.2 Constraint Revision and Constraint Substraction

The focus here will be on revision. However, the subtraction of
constraints is also a powerful way of solving a problem. There
are classical examples of this, such as the so-called ‘nine dots
puzzle’ (see Figure 3.2). The problem, generally, is that people
who fail to solve the puzzle constrain the problem. They think
that the lines to be drawn have to be confined within the area
delimited by the dots, and this makes the task impossible to solve.
In order to obtain the solution the tacit constraint has to be
subtracted. In interdisciplinary problem solving a new discipline
may highlight the fact that a constraint implicitly, or explicitly,
encompassed in other disciplines is obscuring the solution. An
interesting case in which this failed to happen is the discovery
of nuclear fission (see Andersen, 1996). During the 1930s several
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research groups were working on the effects of bombarding uranium
with neutrons—most notably Fermi’s group, in Rome, and Meitner,
Hahn and Strassman, in Berlin. In 1934 Fermi surmised that they
had produced transuranic elements, and it was only with reluctance
that Hahn and Strassman showed, in 1938, that this could not
have been the case. The products of the nuclear reactions were
not, as had been widely expected, larger elements, but smaller
and lighter ones. Interestingly, the chemist Ida Noddack had sent
papers to both these research groups in the mid-1930s pointing
to this possibility, but her suggestions were dismissed. Andersen
writes:

Apparently, the chemist Noddack was not aware of the phys-
ical constraints on the taxonomy of disintegration processes
and cared only for the chemical categorization which she
found inadequate. Hence, she suggested a further chemical
analysis to check if the elements produced by Fermi and
his collaborators could be much lighter elements than the
transuranic elements suggested by Fermi’s team. What
she here suggested was categorizing the elements as fission
products—but at a time when the conceptual structure did
not allow for the existence of nuclear fission. (Andersen,
1996, 485f)

A different, and rarely highlighted feature of interdisciplinary prob-
lem solving, works in the opposite direction. In phase-1 this takes
the form of constraint revision. Here C'is revised under the influence
of several disciplines. An interesting function that revision might
serve—and one that cannot be provided by constraint addition—is
to open up new possibilities. This may be desirable when, for
instance, problems are over-constrained and thus hard, or even
impossible, to solve. Adding constraints can never increase the
solution space, but revision can.
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Given the suggested model, constraint revisions can take one
of two forms. They can be corrective. Here enquirers are wrong
about some constraint and revise it in light of new, and more
accurate, information. Or, where the problem altered, they can
be transformative. Here it is a matter not of knowledge, but
rather of producing a new problem on the basis of an old one.
Transformative constraint revision is explained by reference to the
values encompassed within a disciplinary matrix. A new problem is
produced that is considered to be more interesting than the one from
which it was produced. Often the motivation for transformation
lies in trying to produce a problem it is possible to solve given
the resources available to the problem solvers. One may consider
Solow’s argument concerning the maintenance of consumption
as a case in point. The overarching problem of sustainability
is, for reasons quite trifling, impossible to solve. It is simply too
broad. However, by radical transformation a formal problem can be
extracted—mnamely, that of the maintenance of consumption under
very specific circumstances for very specific economics—which can
be solved by means readily available to economists.

Thus we can introduce a further distinction. Let us sep-
arate epistemological and ontological over-constraining. Over-
constraining in general involves situations where the set C' makes
P either impossible or extremely difficult to solve. What we will
here call epistemological over-constraining occurs in situations
where C, erroneously, has been made out to be inconsistent, or
includes constraints that are too prohibitive. Such a situation is
ameliorated by corrective constraint revision. Hence epistemolog-
ical over-constraining is a property of the problem formulation,
rather than the problem itself—it implies that we made a mistake
when trying to spell out the constraints constitutive of the problem
we intended to solve. Ontological over-constraining, on the other
hand, means that the problem itself is in some way too narrow. It
may, for instance, be impossible to solve, in which case we might
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salvage a problem that it is possible to solve by manipulating C.

Again, the n-body problem appears to qualify; the requirement
that the solution to the problem has to be of a certain kind simply
means that the solution space is empty. This can be resolved
by transformative constraint revision; in this case one might, for
instance, permit numerical solutions.

3.4 Non-Ideal Problem Solving Processes and
Problem Stability

Suppose we think of an ideal problem solving process in phase-1
as a process that involves only explorative constraint addition and
corrective constraint revision. In the interdisciplinary variety of
this type of problem solving different disciplines are thus drawn
from in order to contribute to, and revise, the problem so as to
provide a formulation of the problem that is, eventually, identical
with what the problem really is. This is, essentially, Popper’s ideal
for an interdisciplinary science if we apply it to phase-1.

Are there good examples of ideal problem solving processes? It is
hard to say. First, it is rather difficult to establish whether a specific
process was indeed ideal or not. To begin with, meticulous historical
study would be required. There is also reason to think that problem
solvers who present their results ex post facto may be inclined to
tell the story as if it was an ideal process. Nonetheless, certain
problems are extraordinarily stable and may therefore provide
plausible examples. Interdisciplinary ideal processes may be harder
to come by, but looking at disciplinary varieties, perhaps some
logical and mathematical problems, and the processes that led to
their solution, may provide a source of examples. A spectacular

potential example is Andrew Wiles’ proof of Fermat’s Last Theorem.

Although the problem had been clearly stated for centuries, it
is quite clear, in light of Wiles’ eventual proof, that those who
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attempted to prove the theorem before him were not aware of its full
complexity. Crucially, however, Wiles did not solve some variety
of the problem, nor did he transform it into some other, different
problem. He solved exactly the problem he set out to solve. Hence
the process seems to be one in which the set of constraints were
successively uncovered by means of explorative constraint addition
and corrective constraint revision.

There are several things to note about such a process, but one
remark which can be made in light of the example above is that it
can only work with a specific type of problem: one that is neither
open nor ontologically over-constrained. We will return to this
below.

A non-ideal problem solving process in phase-1, then, is a
process which is not limited to explorative constraint addition
and corrective constraint revision. It is a process involving either
pragmatic constraint addition or transformative constraint revision,
or both. For the most part this type of process will also feature
explorative constraint addition and corrective constraint revision;
and hence it will typically be a process in which our understanding
of the problem is improved whilst the problem is, simultaneously,
transformed.

Let us now move on and talk about problem stability.

3.4.1 Procedural vs Cross-Boundary Problem Stability

In an ideal problem solving process the problem is stable; the
process is always directed on the same problem. In other words,
diachronic, or perhaps more appropriately procedural, problem
stability is maintained throughout the process. Sometimes this
stability can be provided by the problem itself: that is, it is a
non-open problem that is not over-constrained, but having such
a problem is no guarantee that synchronic problem stability will
be retained. For example, the problem solvers may find that
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some transformation of the problem they set out to solve is more
interesting and thus change their focus.

In phase-1 of any problem solving process synchronic problem
stability will either be maintained or (to some extent) lost. How-
ever, in interdisciplinary problem solving processes another type of
problem stability becomes crucial. This is cross-boundary stability.
This type of problem stability is about maintaining problem iden-
tity across disciplinary boundaries, or more broadly, across relevant
contexts.

Trivially, for an interdisciplinary problem solving process to
solve the problem 1t set out to solve both procedural and cross-
boundary stability need to be maintained. Clearly, this is neither
always possible nor always desirable. Many problems are open,
to some extent, and some are ontologically over-constrained. But
it appears that an interdisciplinary problem solving process can
be successful, at least according to its own standards, as long as
cross-boundary problem stability is maintained.

Interestingly, the notion of cross-boundary problem stability
offers a way of distinguishing that which is merely multidisciplinary
from that which is interdisciplinary. In the previous chapter we
contrasted interdisciplinarity with disciplinarity. As noted in Chap-
ter 1, however, interdisciplinarity has commonly been contrasted
with multidisciplinarity. To rehearse, the idea is that the latter
involves the “juxtaposition of various disciplines, sometimes with
no apparent connection between them” (Apostel et al., 1972, 24),
or is “essentially additive, not integrative” (Klein, 1990, 56). In-
terdisciplinarity, on the other hand, is integrative. My suggestion
here, therefore, is that we should understand matters in the follow-
ing way: multidisciplinary problem solving as a process in which
cross-boundary problem stability is not maintained, whereas in
interdisciplinary problem solving it is. Hence, in the multidisci-
plinary case there is no knowing how the solutions that eventually
come out of the involved disciplines actually relate to one another.
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In other words, cross-boundary problem stability is necessary
for a problem solving process to be interdisciplinary. Intuitively,
this is what it means to share a problem.

A final remark on procedural problem stability. Although
an ideal problem merely provides an opportunity for an ideal
process, it is the case that if the process is indeed ideal, and thus
that procedural problem stability has been maintained, then cross-
boundary problem stability just follows, trivially. Otherwise, the
process cannot have been ideal after all.

3.4.2 Problem-Stability and Bilateral Problem-Feeding

We can also use this notion of cross-boundary problem stability
to improve our understanding of problem-feeding. Maintaining
problem stability necessarily involves transferring problems between
disciplines. That much was already established at the outset. Thus
any interdisciplinary problem solving process will involve problem-
feeding.

It seems we are now in a position where the notions of cross-
boundary problem stability and bilateral problem-feeding can in-
form one another.

Suppose we draw a sharp distinction between procedural and
cross-boundary problem stability. One might object to such a
distinction on the grounds that transferring a problem is in itself a
part of the process of solving the problem. It involves formulating
theories about how the disciplines (or fields) in question are con-
nected, some type of sharing of terms, and so on. Thus, crossing a
boundary starts to look very much like one step in the process, and
the distinction between cross-boundary and procedural problem
stability suddenly seems a lot less straightforward.

This notwithstanding, I think that we can grant the substance
of this objection and maintain the distinction. What is crucial in
maintaining cross-boundary problem stability is not, for example,
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that problem P is identical before and after it is transferred from
discipline A to discipline B, but rather that both disciplines, A
and B, accept the transformations.

Two further points. First, we can deploy this idea to develop
our understanding of the distinction between unilateral and bilat-
eral problem-feeding. In bilateral problem-feeding cross-boundary
problem stability is maintained explicitly. Thus a relationship of
mutual relevance is established, even if this is perhaps not realized.
In unilateral problem-feeding, on the other hand, no efforts are
made to retain this sense of mutual relevance, and thus there is
nothing to guarantee that problem stability is maintained. This
does not necessarily mean that it is not maintained, as that may
happen accidentally—but it seems unlikely that it is.

Second, explicitly the maintenance of cross-boundary problem
stability is crucial to collaborative interdisciplinarity. It is simply
what the latter means.

3.4.3 Popper, Kuhn, and the Challenge of Interdisci-
plinarity Revisited

Let us return to the topic of the previous chapter. It seems that
the kinds of problem that Popper imagined science to be involved
with were precisely those where the set of constraints generate a
problem that is neither open nor ontologically over-constrained.
Let us call these problems ideal problems. In solving them phase-1
becomes one of revealing the structure of the problem. It may not
be possible to find the constraints within the confines of a single
discipline—as was the case in the CO4 example. Many disciplines
may need to be deployed. Furthermore, the problem will often be
too vaguely understood for us to determine at the outset precisely
which disciplines will ultimately be involved. So the process may
be slow. The circulation of CO; in the climate system has been
investigated explicitly for at least a century.
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Now, not all problems are ideal, and not all problem solvers
stick to what they set out to do. As has been mentioned, other
and more interesting and important problems are often discovered
along the way, and attention may be diverted to them. But instead
of dwelling on that matter let us consider the problems. What
about these non-ideal problems?

Let us first try to say something about openness, as I suspect
this is more prevalent. Openness comes in degrees. The problem
of managing sustainability transitions, as such and without qual-
ification, is open in the extreme. One reason for this is that the
concept of sustainability just is not precise (see e.g. Pezzey, 1997).
Other problems are much less open.

How common are non-ideal processes in interdisciplinary prob-
lem solving? That is difficult to gauge with any accuracy, but a
tempting analysis presents itself here. In solving open problems
the solution will always involve stipulatively narrowing the solu-
tion space by introducing, or revising, constraints arbitrarily. The
situation is highly reminiscent of what Kuhn describes, and the
discussion above can be used to model the dilemma described in
the previous chapter. Kuhnian challenges to interdisciplinarity
therefore arise not with respect to all problems, but only non-ideal
ones. In such cases it is simply necessary to make transformations
that are not identity preserving—i.e. procedural identity cannot
be maintained. It is with these non-ideal problems that frame-
works associated with different disciplines become problematic,
and the reason they become problematic is that they threaten
cross-boundary problem stability.

Where does this leave us? First, we can now dissolve the
seeming contradictions outlined in the previous chapter. Popper’s
ideal process really concerns a particular type of problem: ideal
problems. Second, if we understand the Kuhnian challenges in
these terms, then overcoming them involves maintaining cross-
boundary problem stability. This is not, perhaps, a method or
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scheme for overcoming these challenges—especially not if we think
of interdisciplinarity as the maintenance such problem stability. But
it nonetheless seems to enrich our understanding. In all likelihood
there is no definitive method for achieving problem stability that
is both highly specific and never fails. The process is one in which
the disciplines involved need to stay in touch with one another and
remain in active communication. This is the collaborative heart
of interdisciplinarity, and it also provides some basis for the idea
that collaborativity—communication, trust, explicit and mutual
exchange, and so on—is part of what it means for something to
be interdisciplinary. The borrowing, or exchanging, of various
cognitive tools is interdisciplinary only in a very weak sense, and
in many ways it and disciplinarity are virtually indiscernible.

A further possible benefit of using this model with respect to
Kuhn, in particular, is that it offers a way of understanding how
interdisciplinarity may be motivated and made to work in normal
science. A problem that arises within a disciplinary matrix, and
which is such that the matrix cannot solve it (because there is
no transformation that can admissibly be carried out within the
matrix that makes the problem suitably similar to some exemplar),
although it is believed within the matrix that it should be solved
(our D is present), is an anomaly that threatens the paradigm. By
transferring this problem, however, the paradigm is protected: an
anomaly is avoided and at the same time the problem in question
may be solved.

3.5 On IlI-Structured Problems

As already mentioned in passing, Walter Reitman once suggested
that some problems—what he calls ill-defined problems—have
open constraints. Reitman elaborates with a representation of
problems, or problem situations, in terms of a three-component
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vector [A, B,=], where A is an initial state, B a terminal state,
and = denotes a process, or sequence of operations, that brings the
problem solver from the initial state to the terminal state. Reitman
thus discusses a number of possibilities with respect to how well
each of these components is specified. Sometimes the terminal
state is well-defined—such as when a thief struggles to invent an
alibi that casts the sequence of events leading to his arrest as
mere accidents—but the process and initial state is left wide open.
In other problems it is the initial state that is well-defined, not
the process, nor the terminal state (you have eggs, some carrots,
a little milk, and small piece of veal, make dinner!). Solving a
problem involves going from a problem vector such as the one
described above, to another, more specific one [A’, B’, =], where
the components of this latter vector are elements of the components
in the former. Solving the problem, then, is working through a kind
of meta-process, =*, which makes the problem more specific, until
a unique solution can be produced. Solving problems that contain
open constraints thus involves interpreting them more specifically.
This transforms the problem into a new, precise, version in which a
specific solution can be produced. The fugue composer eventually
settles on a single fugue.

Herbert Simon (1973) argued, a few years after the publica-
tion of Reitman’s famous paper, that what makes a problem ill-
structured or well-structured has nothing to do with properties
of the problem themselves, but is the result of their relationship
to the problem solver. A well-structured problem, on Simon’s
account, needs to meet a number of criteria. These include that
there should be some “definite criterion” for determining whether
or not something is a solution, and that there is a “mechanizable
process for applying the criterion”, and that there is “at least one
problem space” in which the different states of the problem (i.e. the
initial state, goal states, and whatever other intermediate states
are possible) can be represented. An ill-structured problem fails to
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meet some or all of these criteria, and because of this it would not
be possible for a general problem solver to solve it. Simon, however,
stresses the point that for real problem solvers most problems
are in fact ill-structured, since real problem solvers—unlike their
idealized counterparts—do not have infinite amounts of computa-
tional power, or the time required to sift through all possibilities.
Winning a game of chess looks like a well-structured problem as
long as we consider a problem solver that is powerful enough. For
a human, or a simple chess computer, there will be no practicable
way of determining what move is really best given some situation.
What the chess computer does, then, is transform the ill-structured
problem into a well-structured problem. It plays a kind of pseudo
chess in which winning means maximizing some evaluative function.

The transformation, in effect, limits the knowledge base of poten-
tially relevant information, which is in essence how Simon suggests
we view the distinction between ill-structured and well-structured
problems. A problem is ill-structured if there is more potentially
relevant information than the problem solver can feasibly compute.
Structuring a problem involves limiting the amount of background
information until it matches the available computational resources.
Solving a problem is largely a matter of structuring it.’

How are we to accommodate this in the account above? In-
terdisciplinarity, it could be argued, involves increasing—often
dramatically—the amount of potentially relevant knowledge. In
the present context this seems to point in the wrong direction. It
is likely to transform well-structured problems in to ill-structured
ones, and perhaps that is indeed what sometimes happens. How-
ever, as has already been argued, seeing successful interdisciplinary
problem solving as a series of operations on the constraints on

6The idea of bounded rationality of Simon’s has yielded a considerable
philosophical literature on problem solving and decision-making, including “the
fast and frugal heuristics” of Gigerenzer, Todd, and the ABC Research Group
(1999).
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admissible solutions often has the opposite affect; when the con-
straints are specified more precisely it can be the case that two
disciplines can arrive at a problem formulation that is better—that
is, it is clearer how it should be solved—than the formulation within
a single discipline.

Interestingly, in passing Simon also mentions issues of problem
stability, although not in that terminology:

Now some obvious difficulties can arise from solving prob-
lems in this manner. Interrelations among the various
well-structured sub-problems are likely to be neglected or
underemphasized. Solutions to particular sub-problems are
apt to be disturbed or undone at a later stage when new
aspects are attended to, and the considerations leading to
the original solutions forgotten or not noticed. (Simon, 1973,
191)

The issues to which Simon alludes here appear quite likely to be ex-
acerbated in interdisciplinary contexts, and this further emphasizes
both the challenges involved in realizing genuine interdisciplinary
problem solving and the need to maintain cross-boundary problem
stability.”

3.6 Concluding Remarks

A leading thought here is that interdisciplinary problem solving is
similar to problem solving in general but harder to realize. In most
cases the process of solving a problem oscillates between exploring
a problem perceived as stable and transforming that problem into

“In the sustainability literature one frequently finds reference to to wicked
problems (Jerneck et al., 2011; Norton, 2005). The notion goes back to Rittel
and Webber (1973) and shares some features with Simon’s notion of an ill-
defined problem.
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one which, for instance, better fits the resources available. Inter-
disciplinarity offers opportunities to approach problems which, for
one reason or another, are difficult to solve within single disciplines.
But, crucially, to take advantage of those opportunities efforts have
to be made continually to align disciplines to one another with
respect to some particular problem.

In this chapter I have developed an extensive nomenclature to
describe interdisciplinary problem solving. I have then deployed
this nomenclature—especially the notion of problem-feeding, ideal
and non-ideal problems, problem solving processes, and cross-
boundary problem stability—to provide a better understanding
of the Kuhnian challenges to interdisciplinarity outlined in the
previous chapter and to explain what interdisciplinarity really
amounts to. In the next chapter we will discuss a different feature of
cross-disciplinary interaction: the idea that disciplines can overstep
their boundaries and infringe on other disciplines.






Chapter 4

Disciplinary Imperialism

4.1 Introduction

HEN IT WAS PUBLISHED, Edward Wilson’s famous book So-
W ciobiology: The New Synthesis (Wilson, 1975) immediately
gained both devoted admirers and fierce critics. It was argued
that Wilson’s attempt to deploy evolutionary reasoning to explain
social behaviour was reductionist in the extreme, the worst kind
of adaptationism imaginable, and a failed research programme.!
Not everyone was so categorical, however. The philosopher Mary
Midgley wrote the following concerning sociobiology:

I see one big thing right about sociobiology—its attempt to
bridge the gap between biological and the social sciences—
and several smaller, but still grave, things wrong—its brash
and brutal style, its academic imperialism, and its half-
conscious entanglement with free-enterprise economics. (my
emphasis Midgley, 1984b, 158)

!See, for example, Gould and Lewontin (1979) for a famous anti-
adaptationist critique targeting unrestrained use of evolutionary reasoning in
general (and Wilson in particular).
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In this chapter the focus will be on imperialism. Scientific impe-
rialism is a topic that, not only is of relevance within sustainability
science in particular and when discussing issues of interdisciplinarity
in general, but also one that recently has featured in philosophical
discussions (Méki, 2013, 2009; M#ki and Marchionni, 2010; Clarke
and Walsh, 2013, 2009; Kidd, 2013; Dupré, 2001; Dupré, 1996). The
present discussion will be devoted to topics also raised in Thorén
(2015b). But let us first return to Midgley.

Midgley—whose concern is primarily to point to what sociobi-
ology can do, and a few mistakes sociobiologists have been prone
to make—touches only briefly on the notion of imperialism in
her paper. The imperialism of which she accuses Wilson and his
ilk amounts to a few “somewhat wild offers made [...]| to take
over the social sciences” (Midgley, 1984b, 159). Others have been
more explicit. An early predecessor of Midgley’s, Calvin Stillman,
complained of the readiness of the “True Believer” to “sketch the
remarkable breadth of human experience which is explained best by
his disciplines alone” (Stillman, 1955, 77). For Stillman the problem
with imperialism flows from misapplication: academic imperialism
is “the extension of one’s thought-system beyond its most applica-
ble area” (Stillman, 1955, 78). Stillman and Midgley point to two
central features of imperialism; one is failed expansionism, the other
misguided replacement. Moreover, in contrasting the two, we can
learn something of the perplexities associated with imperialism—
namely, that boundary transgressions and generalizations can be
highly informative, and should be applauded.

Infringements between disciplines are rather common in science,
and often enough they are fiercely resisted—just as in the socio-
biology case. In many ways it should come as no surprise that
scientists on the receiving end of such transgressions feel threat-
ened, especially when the transgressors belong to influential and
prestigious disciplines. The consequences are potentially devastat-
ing at a personal and professional level; jobs, funding and social
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influence are all on the line. However, important as these may be
for the individual, they do not seem to provide adequate reason
for general concern. After all, a claim to intellectual territory is
only as strong as its epistemic justification, and therefore it can
always be challenged. Indeed, in the disputes that have followed
transgressions, defences have been built on arguments pertaining
to the quality of the science, rather than threatened status.

The phenomenon of intrusion by one discipline into the domain
of another usually goes by the name scientific, or disciplinary, or
academic, imperialism. It is commonly thought to involve trans-
gressions in the true sense of the word—that is, illicit occupations.
Although the idea appears immediately recognizable, and though
science seems to be virtually brimming with examples, the notion
remains somewhat mystifying. One reason is that, to the extent
that imperialism involves unification, such unification is a goal
that should be applauded, not resisted (supposing it is capable of
being achieved). So, perhaps not all types of boundary crossing
are imperialist. Perhaps only the failed ones are.

To unify two hitherto separated domains under a single theory
(or framework, or method, or whatever) is a good thing, with the
proviso that it can be achieved. For trivial reasons it is not a good
thing where it cannot be achieved, but at the same time, neither is
it all that bad, nor is it confined to imperialism. Moreover, should
we think of the phenomenon as interdisciplinary or, perhaps, disci-
plinary? After all, the goal of expansion seems to be a fundamental
driver in all disciplines.

At the same time, disciplinary imperialism could provide a
great many things of general interest, especially for the student of
interdisciplinarity. For one thing, it might help us to understand
how different disciplines should be related to another. Since inter-
disciplinarity is to a large extent about establishing proper and
functioning relationships between disciplines, this should be highly
relevant to anyone interested in interdisciplinarity.
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4.2 Concept and Definition

First, a note on the use of language. In discussing imperialism it is
almost impossible not to resort to the kinds of territorial metaphors
that the literature is so rife with. The notion of imperialism
itself often carries negative connotations—although, as Maki (2009)
points out, not always. Indeed, most who have taken an interest in
disciplinary imperialism have considered it to be an activity that is
illicit by default and thus unwanted. Maki assumes a normatively
neutral stance towards imperialism but I will here keep to the
standard usage and perceive of imperialism as inherently illicit.

Let us now return briefly to Stillman’s definition above. On
his account the problem of imperialism is that a “thought-system’
is used beyond its “most applicable area.” This definition closely
shadows the way John Dupré presents imperialism. He charac-
terizes the phenomenon in several, slightly different ways. One
characterization that is similar to Stillman’s runs as follows: “By
scientific imperialism, I mean the tendency for a successful scientific
idea to be applied far beyond its original home, and generally with
decreasing success the more its application is expanded” (Dupré,
2001, 16). Both of these definitions share some apparent weaknesses
that have been pointed out by Uskali Méaki (Maki, 2013).

One perceivable weakness is that they are “silent about imperi-
alism” (Maki, 2013, 329). Although imperialism certainly is a form
of expansionism, it seems reasonable to think of it as expansionism
that is directed upon another discipline, and not, for instance,
upon intellectual territory that has yet to be claimed. So, it is
reasonable to assume that imperialism is not just the extension
of a thought-system or idea beyond its most applicable area, but
the extension of that thought-system or idea into some already
occupied intellectual territory.

Another complaint is that the idea of relative applicability is
confusing and seems overtly restrictive. The implication seems to

Y
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be that the thought-systems being transferred are in fact applicable
or successful in their original domain, and not applicable in the
domain to which they are transferred. Often, however, the charge
is that the imperializing theories, thought-systems, or ideas, are
ill-suited not only to the domain to which they are transferred, but
also, as it were, to their original domain (Méki, 2013, 330). So we
can imagine not only <good—bad>, but also <bad—bad>, and
should we decide to adopt a non-normative notion of imperialism
also <bad—good>, and of course <good—good> (Méki, 2013,
330).2

A third point: applicability and success are both vague and
need to be further specified. In order for something to be an
infringement at all, clearly some success has to have been had
already. This involves at the very least acceptance by a handful
of peers, although in most cases more will probably have been

achieved. FEpistemic success, or validity, is what is at stake, i.e.

whether the application of the framework or theory is indeed sound,
or informative, or well-founded, or fruitful.?

So, we can reasonably consider an imperialist infringement to
be an infringement from one discipline into another. If there is
no imperialized discipline, it is just a case of expansion (cf. Mé&ki,
2009, 9). That being said, not all imperialist infringements fail
because they are imperialist, as we shall see below.

Then there is the issue of the object of transfer. Stillman and
Dupré both favour vague notions such as thought-system and idea.
Midgley offers nothing in the way of a definition, but her concern is
mainly with explanations. Maki, whose account is by far the most
detailed, distinguishes between three main forms of imperialism

2T have borrowed the semi-formal expressions from Miki himself (2013,
330).

3Precisely what this amounts to is more difficult to say as it varies depending
on what is begin transferred (a theory, model, method, or concept etc.) and
the specific context of that transfer (perhaps it is a metaphor).
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which, in part, relate to the objects of transfer. These are the
following (Méki, 2013, 336):*

Imperialism of scope: An expansionist discipline seeks to ex-
plain phenomena that belong to the perceived domain of
another discipline. This is the pursuit of explanatory unifica-
tion that is disrespectful of disciplinary boundaries.

Imperialism of style: The styles and strategies of research, such
as the techniques and standards of enquiry and communi-
cation, characteristic of one discipline are transferred to, or
imposed on, other disciplines.

Imperialism of standing: The academic and non-academic pres-
tige, power, and resources, as well as the acknowledged tech-
nological and political relevance of one discipline, increase at
the expense of those of another.

In most cases where scientific imperialism becomes controversial it
appears that all three forms are really involved. In this chapter I
will leave imperialism of standing aside, and focus on imperialisms
of scope and style. In keeping with the way disciplines have been
discussed in this thesis so far, it is probably preferable to think of
imperialism in terms of an entire framework; it is a matter of both
style and scope.

A notable feature of Méki’s conception of imperialism that has
already been mentioned is that it is not normatively charged. Maki
prefers to think of imperialism—that is, imperialism of scope—as
attempted unification across disciplinary boundaries. Sometimes it
is epistemically successful and defensible and sometimes it is not.?

4See also Miki, 2009; M#ki and Marchionni, 2010
5Failed imperialist infringements—that is interdisciplinary unification with-
out appropriate support—MZéki calls imperialism*.
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Another aspect of Méki’s imperialism—one in which it differs
from some, although not all, accounts—is that he bunches together
cases where something is imported with cases where something is
exported. Elsewhere the standard idea appears to be that only
exports can be imperialist, and imports are cases of borrowing.
However, given that the issue at hand is unification, this really
makes no difference. Moreover, it can be difficult to determine
whether an act of borrowing was really consensual, or was practi-
cally forced upon the borrower. Some disciplines are so pervasive,
as a result, for instance, of their influence in policy making or
the public debate, that their theories, explanations, and methods
cannot be ignored by those engaged in other disciplines.

Here I will conceive of imperialism as follows:

Disciplinary imperialism: the failed application of the resources
(tools, methods, models, theories, ideas, etc.) of one discipline
onto the domain of another discipline.

Failure should be understood epistemically: it is the application
of some resource where it should not be applied. It is not a
matter of, for example, a failure of gaining support from scientists
in a particular discipline for a theory imported from some other
discipline. Imperialism thus should be contrasted against successful
forms of boundary crossing.%

6Clarke and Walsh (2009) differ between unification and imperialism but
one might raise concerns here that unification does not really exhaust the
possibilities of successful boundary crossings. Metaphors may be successful
without achieving unification. In working with this manuscript the metaphor
of globalization was suggested to me as a candidate. That term would be
preferable as it could be made broader to include unification as well as other
forms of successful boundary crossing. However, globalization too is a term
with many negative connotations and would perhaps be better used as an
umbrella term covering both imperialism and successful boundary crossing.
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A final remark. A range of issues are raised by the concepts
domain and discipline, and the distinction between them, as well
as by the idea that a domain can belong to a discipline. A domain,
here, is a set of facts or phenomena to be explained (Méki, 2009; see
also Shapere, 1984). A domain only belongs to a discipline in the
sense that, usually, a discipline is associated with a specific domain
(see Bechtel, 1986, 1987). The strength of this association varies
from one discipline to another and even within single disciplines
over time (Weingart, 2003, 2010). The domain of a discipline is,
however, never essential to that discipline (unless thus stipulated,
in which case the matter is trivial) (see Toulmin, 1972, 146ff).

4.3 Why Imperialism Fails and Reasons for Re-
sistance

Boundary crossing in general brings several potential benefits. For
example, better methods and tools may be introduced in a discipline
where they were lacking before, erroneous explanations may be
exposed, and partial ones complemented, and so on. However, in
most cases in which imperialism is mentioned the concern is about
instances when these infringements fail, for one reason or another.
So, let us look at the charge against imperialist infringements in
more detail.

There are two, sometimes separate, aspects to this issue. One
concerns the way in which imperialism typically fails. That is
to say, what is it, precisely, that goes wrong? Are there typical
ways in which imperialism tends to fail, and can they be resisted or
avoided somehow? The other aspect pertains to why we should care
about imperialism. Let me clarify briefly. Consider the following.
Maki suggests that we should understand imperialism of scope
as attempted unification. Such unification can fail in more or
less subtle ways. All failures, crucially, should be resisted when
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they are discovered to be failures, and generally, all infringements
should be put under meticulous scrutiny. However, it does not
make sense to try to limit attempts at unification pre-emptively.
After all, these attempts can turn out to be successful (in the
epistemic sense). Arguably, with the proviso that we stick to the
scientific context this risk of error, even when it is known to be
overwhelming, is no reason not to try. The cost is just that one
might be wrong about something, and this is easily offset by the
potential for progress, even if that potential is ever so slight. So,
in such instances the reason why imperialism fails is no reason for
resisting it pre-emptively. Moreover, the reasons for resistance ex
post facto are the very same reasons that underpin resistance to
any instance of bad science.

In the literature there are a number of suggestions as to the
nature of the problem with imperialism. Principally two, at least
partially independent ideas, have been forwarded. Some authors,
such as Dupré, emphasize how imperializing frameworks and theo-
ries plainly fail to capture that to which they are applied. Others
focus on the issue of replacement. I will here call these type-I and
type-II imperialist failures, respectively (see Thorén, 2015b). In
short, suppose a theory is introduced to a new domain to explain
some fact. On closer inspection, however, the fact cannot be ex-
plained by the theory in question. This would count as a type-I
failure; it appears to be what Dupré is concerned with for the most
part. The reasons he draws on relate to the nature of the target
domain, and specific features of the imperializing theory. It is a
type of failure that is not really specific to imperialist infringements,
but could also happen in ordinary expansion. Type-II failure, then,
if we keep to our picture, involves two components. First, a theory
is introduced to a new domain to explain a fact where another
theory explains that fact better; and second, the introduced theory
replaces the better theory.

These categories are not mutually exclusive, nor does the dis-
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tinction hold up under all circumstances, although I will maintain
that it can nonetheless be useful. Occasionally one can view this
applicability issue as a mere shift in emphasis; at other times the
difference is more pronounced.

I will call imperialism that exhibits type-I failure type-I imperial-
1sm and imperialism that exhibits type-II failure type-II imperialism.
Two further remarks before we proceed to spell the two forms out
in more detail. First, these forms of imperialist failure are not
mutually exclusive: good theories can be replaced by alternatives
that do not even hold up on their own. Second, other concerns
have been raised in the literature with respect to why imperialism
fails. Midgley, especially, often discusses the way imperializing
frameworks act as vehicles for imposing particular political agendas
(see Midgley, 1984b.,a). This is not entirely irrelevant in sustainabil-
ity science, as the success of resilience theory has been attributed
to the fact that fits well with the neoliberalism that is hegemonic
in international politics (see Walker and Cooper, 2011). Here,
however, I will leave this issue aside. I take it to be an explanation
of why a certain infringement gains acceptance despite its faults,
rather than an extrapolation of those faults themselves.

The idea behind type-I failure is rather straightforward and it
seems that a lot of resistance to imperialist infringement is built
around the charge that the imperialist idea, or framework, is just
bad science. Remember Stillman’s definition again; the idea of
extending a thought-system beyond its applicability implies that
(at least) a type-I failure is at work. The thought-system plainly
fails to do what it is supposed to do. That is, the issue here is not
primarily that theory B has been wrongfully replaced by theory
A, but rather that theory A was wrong to start with. This is also,
as it were, Dupré’s charge against Becker and the evolutionary
psychologists: their proposed explanations fail in themselves, so by
their own standards they deserve to be discarded.

Type-1II failure, on the other hand, requires a more detailed
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overview (see Thorén, 2015b). Whereas the type-I failure results
from mismatch between, for instance, a framework and that to
which the framework is applied, a type-II failure arises from failure
to recognize the appropriate relationship between frameworks (or
theories). A type-I failure can occur even if the imperialized
territory is unclaimed, but this cannot be the case in type-II
failure. This type of error is interesting, since it opens up more
subtleties. Here are a few general illustrations that help to clarify
this observation.

One form of type-II error involves replacing an objectively better
theory with one that is worse. This does not mean there would
be reason to resist the imperializing theory if it were the only
theory available. If resilience theory was the only theory we had
about social change, it would not make sense to abandon it, since
it would potentially explain some relevant cases. However, given
that the situation is such that we have a whole set of different
theories of social change among which resilience theory is just one,
there is every reason to resist replacing this whole set in favour
of a single theory that only explains some cases. This example
highlights an important form of type-II failure—i.e. one in which a
partial theory is mistakenly assumed to be complete and therefore
replaces other alternatives which are complementary. Consider

Sandra Mitchell’s integrative pluralism (Mitchell, 2002, 2003, 2009).

Division of labour in social insects is a phenomenon several theories
have sought to explain. Two leading categories of theory here are

those that rely on evolution and those that rely on self-organization.

Theories of both kinds have often been assumed to be mutually
exclusive alternatives, not only between the two categories, but

also within them. Mitchell, however, argues that they are not.

They are, on her view, compatible, although it is only possible
to integrate them at the level of concrete phenomena. In short,
individual instances of social division of labour might have arisen
as the result of a number of different causes; they may have been
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consequences of self-organization or evolution, or both. Moreover,
the degree of importance may also vary between instances. That
is, these theories have been taken to be complete with respect to
this phenomenon, but they are not. Thus, a situation may arise
where one theory out-competes another although both are needed.

Another potential example, elaborated at length in Thorén
(2015b), is resilience theory in sustainability science. Resilience
theory is framework that grew out of general systems theory and
cybernetics at the beginning of the 1970s, applying some of those
ideas to ecosystems. In particular, population ecologists found the
notion of resilience useful, and so resilience was developed, especially
by C. S. Holling, first, for ecosystems, and later to broader classes
of system. Resilience theory attempts to explain, and to some
extent predict, radical and sudden changes in systems.” On the
standard conception of it, resilience is the ability of a system to
maintain some property during stress—usually, some property that
is considered constitutive of the system (Thorén, 2014).

Here is an example of how resilience theory may be applied.
(Whether this is indeed a correct application is somewhat con-
tentious.) The Cod population of Newfoundland was under per-
sistent pressure from industrial fisheries from at least the early
1950s. In the early 1990s, following a few years of record yields,
several Cod populations collapsed entirely. For the Northern Cod
the spawning biomass decreased by a staggering 99% in one fell
swoop. This effectively changed the whole system: the ecosystem
entered a new stable state with just a fraction of the biomass of the
previous one. A resilience theoretician would probably analyse this
situation as follows. Overfishing had, over a number of years, or
decades, reduced the resilience of the Cod population. What finally

"The original papers is Holling (1973). See also e.g. Gunderson and Holling
(2002). There is a vast literature on the notion of resilience and a more
thorough overview can be found in (Thorén, 2014, 2015b; Thorén and Persson,
2015).
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made it collapse was probably not the fishing, or sudden changes in
fishing, but rather some other random external disturbance, such
as a slight decrease in nutrients, or a minor disease—a disturbance
that the population otherwise would have been able to absorb.
Here the collapse is explained in terms of this lack of resilience.

Contemporary theoreticians of resilience have substantially ex-
panded this framework to include not only ecosystems, but also
so-called social-ecological systems and social systems (Gunderson
and Holling, 2002). The latter development is especially controver-
sial. What one seeks to explain in this approach is similar radical
changes that alter the very foundations of some entity, such as a po-
litical revolution, or financial collapse. The point is that a systems
approach, such as resilience theory, is not completely uninformative
with respect to such changes; but neither can it provide a complete
account. The framework is rigidly deterministic and has several
gaps: it relies heavily on a functionalist analysis of social systems, it
makes it difficult to accommodate important drivers such as power,
and so on (see Jerneck and Olsson, 2008; Davidson, 2010; Hornborg,
2013; Thorén and Persson, 2015; Thorén, 2015b). The potential
type-II failure here is rooted in the idea that resilience theory can
completely explain the phenomenon, although it is probably only
a partial explanation. Systemic failure is likely to be the cause of
collapse in some social systems, or perhaps a part of the story, but
if we are interested in collapses of social systems in general, it can
never be the only account.

4.4 Imperialism and the Discipline

Another interesting question raised by imperialism is whether we
are to see it as an interdisciplinary or a disciplinary phenomenon.
Méki (2013) has emphasized that imperialism should be thought
of as a “dynamic interdisciplinary relationship” (Méki, 2013, 327).
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In this section I intend to problematize this idea. Imperialism
is interdisciplinary in the sense that it connects disciplines in
the manner described above—e.g. by attempting to unify their
respective domains under a single theory, or by exporting a method
or methodology. However, this connection, although it could be
substantive in the sense that the object of transfer is comprehensive
(such as when an entire framework is imposed on some discipline),
is weak in another sense. Imperialism, as standardly understood,
appears to imply that there is no mutual involvement by the
disciplines involved. In fact, the imperializing of discipline B
by discipline A may go entirely unnoticed in B. Following the
remarks in the previous section on imperialism and replacement in
limited contexts, I will argue here for the idea that imperialism is
a disciplinary phenomenon and an obstacle to interdisciplinarity.

Let us begin with a few observations on the disciplinary sys-
tem. First, most, if not all, disciplines are inherently expansionist.
Disciplines seek to grow, and they do this by trying to solve ever
new problems.

Second, the disciplinary system is not a well-ordered system
of division of labour. There is no general plan as to how science
should proceed and how disciplines ought to relate to one another.
In fact, this lack of overarching organization and overview was one
of the motivations behind Otto Neurath’s encyclopaedism as well as
his universal jargon (see e.g. Neurath, 1941, 1937, 1983). Neurath
perceived of the universal jargon as an ‘aggregate’ language aimed,
at one and the same time, both to involve “the man on the street”
in the scientific venture and to locate the ‘gaps and gulfs’ between
sciences and disciplines—gaps and gulfs that otherwise remain
shrouded in the mist of special languages and metaphysics. A
central concern, thus, was that it is just not obvious, at the outset,
how the sciences hang together. Establishing such relations is in
itself a major scientific achievement.

Third, although we may isolate different features of disciplines
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(their theories, models, methods, domains of inquiry, and so on),
and although these can sometimes be used to differentiate between
disciplines, none of these features is essential to the disciplines of
which they are constituents; all are subject to change and revision
over time (cf. Toulmin, 1972, 144ff).

Now, it appears that most disciplines nourish discussion of
the reach and scope of their own activities. These discussions
do, on occasion, contain references to other disciplines that are
perceived to be related but nonetheless contrasting. An excellent,
and for philosophers of science quite homely, example of this is
a debate, within the philosophy of science, which departed from
the (in)famous contexts distinction (Hoyningen-Huene, 1987, 2006).
The distinction between the context of justification and the context
of discovery was used by philosophers of science to demarcate philo-
sophical (and hence analytical) inquiry into science from various
empirical approaches, such as the psychology, history, or sociology
of science. Justification, it was thought, was logically driven, and
therefore accessible to the philosopher, and the philosopher alone.
Discovery, on the other hand, was perceived as an entirely unstruc-
tured process, and therefore suitable for empirical enquiry; it lay
wholly outside of the scope of philosophy of science.

The demarcation only holds if two premises are affirmed, both of
which have subsequently been questioned. One is that the contexts
of justification and discovery, respectively, indeed fit these descrip-
tions. This has become increasingly difficult to maintain.® Nickles
(2006) argues that the context of justification cannot exclusively be
thought of in terms of what he calls epistemic appraisal. It also has
an irreducible component of heuristic appraisal that pertains to
things such as the economy of science. With respect to discovery,
although a ‘logic of discovery’ is perhaps a tall order, an endur-

8There is a considerable literature on this topic: e.g. Nickles (1987, 2006),
Laudan (1977, 1981), Hoyningen-Huene (1987, 2006), and Kellert (2008).
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ing result of the work of AI researchers Simon and Newell—the
so-called ‘friends of discovery’—was that the process is nonetheless
a highly structured and rational one, at least in specific contexts
(see Nickles, 2000). Moreover, as Kellert (2008, 47) asks, if there
were no structure of discovery, how could the historian of science
make it intelligible However, suppose we adopt a minimal contexts
distinction, such as that proposed by Hoyningen-Huene (1987)—a
distinction that eschews the difference between the descriptive and
the normative/evaluative. This idea, though non-exhaustive, is per-
haps more palatable, but it fails nevertheless, because the second
premise (i.e. that the disciplines in question can be captured in this
fashion) is plainly false. As the emergence of descriptive philosophy
of science and empirical philosophy of science emphatically shows,
contemporary philosophy of science is not confined to normative
and evaluative concerns. Likewise, the suggestion that, for example,
the sociology of science is strictly descriptive is little more than a,
possibly quite vacuous, idealization.

Generally it appears that discussions like these, though con-
ducted under the pretence of interdisciplinarity (inasmuch as they
relate different disciplines to one another), are really paradigmat-
ically disciplinary in nature. Although their validity, naturally,
depends on the substance of the arguments given, it is notable
that they are often carried out in the absence of many of the
parties concerned. The point is that disciplines often appear to
be internally construed, and defined from within. What is impor-
tant is establishing some degree of internal coherence with respect
to, for example, the scientific aims, rather than relating different
disciplines to one another in a descriptively accurate way. Hence
one sometimes resorts to rather crude images of other disciplines.
Establishing a proper, workable boundary across which information
and problems can pass back and forth often requires something
more.

In view of the fact that expansionism is a natural feature of
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disciplines, it seems that imperialism is a quite probable outcome,
given a sufficient amount of time. Crucially we may expect many
infringements to go unnoticed either by those imperializing or by
those being imperialized, or even by both. Imperialism becomes
an artefact of disciplinarity and the issue sorts under standard
discussions of the scope and reach of theories, methods, or ideas,
in general—with their context sensitivity, and such like. But
these issues appear to be merely standard questions of the kind
that will confront any scientific venture. They are not specific to
interdisciplinary context, and indeed if we think of imperialism
as an interdisciplinary relation, we shall need to adopt a view of
interdisciplinarity that is rather void of substance.

4.5 What To Do About Imperialism

In this section I will first rehearse what various authors have
suggested we do to stop, or avoid, imperialism, and then develop
a complementary suggestion of my own based on the framework
outlined in the previous chapter. Most authors who have taken an
interest in imperialism seem to believe that the best strategy to
avoid imperialism involves adopting some kind of pluralism (among
other things). My suggestion, instead, builds on the idea that
imperialism is a problem within interdisciplinary contexts, and is
thus a failure of cooperation.

Before we go into the details of these accounts it will be helpful
to deepen the analysis of imperialism a little.

4.5.1 Resistance, Prevention and the Primacy of Type-I11
Imperialism

A central concern of many writers on this topic is with the question
how, or when, imperialism is to be resisted. It may seem obvious—
failed imperialism is failed science, and failed science should of
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course be resisted—but the issue is complicated. The reason is that
all science, good or bad, should be resisted and resisted fiercely.
This is just part of how science works. In fact, this is how one
usually tells good science from bad science. As Clarke and Walsh
ask us: “[i|f all scientific imperialists are doing is advancing poor
explanations then it is hard to see what the fuss is about?” (Clarke
and Walsh, 2009, 198). One wonders, then, if this issue is really
less about resistance and more about avoidance. In any case, it
is sometimes unclear which one of these is really intended, and
sometimes neither appears to be particularly appealing.

An example might help. Maki produces a number of constraints
that an imperialist infringement must meet in order to be justified.
One of these Méki calls the ontological constraint. This constraint
applies to imperialism of scope that seeks to unify two domains
under a single theory, and it states that the unification achieved
must be ontological, rather than merely derivational (Maki, 2009,
13ff). Ontological unification reveals the underlying structure of
the world. In it, then, a substantive connection is made between
two domains. Derivational unification, on the other hand, only
amounts to deriving from theory a set of explanandum sentences.
This seems all well and good, but what does it really mean? Should
one try to prevent people from conducting derivational unification
altogether? That seems very odd, to say the least (this is not Méaki’s
suggestion). After all, derivational unification does not preclude
ontological unification, and the latter may therefore be forthcoming.
So should one resist derivational unification? Certainly, but not
because it is derivational: it should simply be resisted, just as any
scientific claim should be resisted. I mean, clearly, one should not
derivationally unify and then believe that what one has done is
more substantive.

So, suppose it is hard to know beforehand how a particular
imperialist infringement is going to play out. In other words, in
boundary crossing there is always the risk of committing to these
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errors. It remains the case that there are also possible benefits,
and in particular one may unify two hitherto separate domains.

Assume that what is at stake is type-I imperialism. This is
almost always true when one attempts to generalize a theory.
What is really on the line here? Not much, it would appear.
The worst that can happen is that one is wrong, which, ceteris
paribus, is not terrible. What would it take to try to prevent type-I
error from happening? Quite a lot, as it were. Restrictions on
cross-disciplinary infringement are severely limiting on science and
run counter to scientific virtues such as boldness and intellectual
adventure, as has been pointed out repeatedly by Méki (see e.g.
Miki, 2013, 330). So, although one may stop imperialist type-I
failures, the cost seems overwhelming. Resistance, on the other
hand, does not cost anything.

What of type-II imperialism? Is it possible to prevent it? And
what is at stake then? Let us ponder the second question first. Type-
IT imperialism is ostensibly a more serious error, as it involves a loss
of something, such as explanatory power. Clarke and Walsh (2009),
in attempting to develop Dupré’s notion of imperialism, draw on
the notion of Kuhn-loss as they try to provide something that looks
like reason to resist imperialist infringements. An example can be
found in the transition from the phlogiston theory of combustion
to the oxygen theory. As the latter was adapted some explanations
relating to the similarities between metals became unavailable.

Clarke and Walsh suggest that we might distinguish between
imperialism and unification by extending this idea somewhat.

The charge against the scientific imperialist is not merely
that the transition to a new theory involves a loss of explana-
tory power that may later be overcome, but that indigenous
knowledge will be permanently abandoned because coloniza-
tion will prevent the possibility of developing perspectives
from which it may be regained. (Clarke and Walsh, 2009,



104

Disciplinary Imperialism

203)

So the consequences of replacement can be quite serious. A whole
avenue of research may be permanently lost. What about pre-
vention? Without targeting the failures directly, which I suppose
would be difficult, the prevention of type-II failure involves non-
replacement—in essence, pluralism.

Even if we disregard the problems that may be associating with
determining precisely when pluralism is appropriate and when it is
not, there are potentially more serious problems. Although it is easy
enough to see that imperialism of this sort would be unwelcome,
a worry may be raised that in this form imperialism simply has
no instances in science. Indeed, even in the phlogiston case there
was no real loss over time. Eventually the oxygen theory was able
to recover the lost ground. It is telling that Clarke and Walsh
can produce no example of such permanent loss. How could they?
For it seems that theories are only rarely completely abandoned.
Even within single disciplines there is a surprisingly high tolerance
of inconsistency and contradiction; and in science as a whole this
tolerance seems boundless.” Moreover, the notion of permanence is
perplexing. Even widely refuted theories can be brought back later
on. Consider only the reawakening of Lamarckism in epigenetics.
These ideas are not irreversibly lost. They are all still there should
one be interested in them.

That being said, Clarke and Walsh’s suggestions are clearly not
without precedent—or anyway that route could be much further
explored. Tan Hacking (2002) writes:

9Notably I am not claiming that this should be the case. No one strives
for contradiction. What I am saying, rather, is this. Even within disciplines
mutually exclusive theories can be nursed simultaneously. It may be due to the
fact that neither theory can be confirmed to a sufficient degree to exclude the
other (see Kitcher, 1990) or because it is sometimes difficult to survey subtle
intertheoretical relations. Both factors are greatly exacerbated if one looks to
science as a whole.
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Foucault observes, near the end of The Order of Things,
that “At any given instant, the structure proper to individ-
ual experience finds a certain number of possible choices
(and of excluded possibilities) in the systems of the society;
inversely, at each of their points of choice the social struc-
tures encounter a certain number of possible individuals
(and others who are not” (Foucault 1970, 380). Historical
ontology is about the ways in which the possibilities for
choice, and for being, arise in history. (Hacking, 2002, 23)

By adopting a certain theory, or framework, this adoption in itself
somehow makes alternatives not only scientifically impossible but
impossible to even conceive of in a more profound way. Here
I will not further pursue this line of reasoning but rather focus
another, more practically oriented, way in which replacement can
be damaging.

To conclude, the imperialism that we should care about because
it is imperialistic is type-1I imperialism. However, in order to make
proper sense of the notion of replacement one needs to narrow
down the contexts in which this replacement takes place.

4.5.2 Replacement in Limited Contexts

Let us consider this second problem. I think it has a fairly obvious
solution. It is not really science as a whole that is the relevant
context in which replacement usually takes place, but something
much more specific. Two such specific contexts are of particular
importance here. One is interdisciplinary collaborations, which
are effectively ruined by one discipline taking over the affairs of
another. Another arises in cases where science is to inform policy
making. Here the risks associated with replacement are even more
tangible. As Dupré notes in his discussion on imperialism, even
if we are not worried about the bad science that results from
an imperialist infringement, we should worry about its further
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consequences: “[blad science, when directed at human nature or
society, is always liable to lead to bad practice” (Dupré, 2001, 4),
and bad practice can cause harm.

In narrower contexts like these replacement is both a problem
with serious consequences and a problem that is, at least com-
paratively, common. Moreover, it is possible not only to resist
imperialism in these instances, but also to prevent it (at least to a
degree) without overwhelming costs. Avoiding type-II imperialism
would involve adopting a pluralist position at the outset—in essence
it requires one to be very wary when replacement appears to be
going on.

There is a comparison that can be made here to discussions
concerning epistemic risks. As Sahlin and Persson (1994) note,
there is not only the risk of being wrong but also the risk of
having too narrowly constrained ones problem formulations so as
to exclude important aspects.'® Hence, they conclude, it is always
important to keep track of that which is not already known.

A final point. There is one respect in which the distinction
between type-1 and type-II imperialism is particularly clear. It
appears to be the case that strategies for avoiding type-I failure
are not even compatible with strategies that seek to avoid type-II
imperialism. A strategy seeking to avoid type-I imperialism would
involve imposing limits on boundary crossing. This would be to
block, a priori, what can be taken into consideration in explaining
a phenomenon, and thus to suppress pluralism. Strategies for
avoiding type-II imperialism, on the other hand, move in the
opposite direction. Here the idea is, as far as possible, to avoid
suppressing new or alternative accounts.

A general problem with the idea presented above is that plu-

0They base their argument on an earlier paper, Girdenfors and Sahlin
(1982) in which a Beysian framework is developed to help with decision making
when information flows from different sources with different reliability.
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ralism, clearly, is not always the appropriate stance. Moreover,
the implication appears to be that all theories should be retained
merely in virtue of having been believed at one point in time.
Although a pluralist stance often makes good sense—especially
in the social sciences where there is rarely sufficient evidence to
show conclusively that a theory should be discarded (cf. Maki,
2009, 21f)—this consequence appears somewhat absurd. Below I
will propose a different criterion for imperialism cast in terms of
problem-stability.

4.5.3 The Standard Solution

How is imperialism to be avoided, then? Let us return to Stillman
again. He separates two ‘functions’ of theories (for agents) that
in turn yields two types of (inter)disciplinary integration. These
functions—or perhaps one should think of them as values a theorizer
may use to guide her in theorizing—are the following. Let us call
them unificationism and instrumentalism. The unificationist values
theoretical unity and logical coherence above all else and seeks to
acquire a theory that is both as large in scope as possible and at the
same time logically consistent. The unificationist, then, according
to Stillman, will typically be prone to “suppressing inconsistencies,
and omitting inconvenient observations” (Stillman, 1955, 79).
The instrumentalist, on the other hand, values empirical success
and “subordinates concepts to the role of tools, each contributing its
bit to the understanding of a part of fairly concrete reality” (Still-
man, 1955, 79). Stillman illustrates the distinction with medicine.

...the physician works without a general theory of the human
body; instead he uses concepts from anatomy for some
purposes, theories of chemistry for other purposes, laws of
mechanics for certain structural matters, and even concepts
from psychology. There is no apparent need to unify the
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concepts from psychology. There is no apparent need to
unify the conceptual systems, each of which is contributing
its bit to the understanding of the obviously unified body
of a patient. (Stillman, 1955, 79)

Stillman appears to be calling on several ideas. One, which recur in
the literature, is that sometimes a complex subject matter—such
as the human body, or perhaps human behaviour—provides all
the unity one needs. In such instances theoretical unity is less
important, at least under the proviso that whatever theories one is
currently using serve their purpose well enough. In other situations,
such ‘ontological’ unity may not be available, and then theoretical
unity becomes more important. One is inclined here to think
of varieties of subject matter with no empirical basis at all, like
mathematics or logic, in which theoretical unity and consistency is
everything. (Although it should be mentioned that Stillman never
brings these up as examples.)

It then appears that imperialism is the failure to observe this
difference and to emphasize theoretical unity and logical consistency
in situations where that is not necessary. Unity and consistency are
not inherently bad things, naturally, but according to Stillman they
come at a cost (or tend to do so). The practice is, as Stillman is at
pains to emphasize, “inherently restrictive, and tends to exclude
alternative concepts” (Stillman, 1955, 79). The kinds of situation
Stillman is worried about appear to be similar to what I have
described above as type-II failures of the sort where, for instance,
a theory provides a partial account but is mistakenly taken to be
complete.

Stillman’s resolution of the problem of imperialism therefore
involves deploying his pluralistic instrumentalism in (as he would
see it) appropriate situations. He devotes the rest of his paper to
discussing a particular example, involving economics and anthro-
pology, where he takes this type of integration to be advisable.
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Although Stillman lacks some of the philosophical precision
that later contributors have achieved, the fundamental ideas here
can be found in the work of Mary Midgley and to some extent
John Dupré. They both argue on the basis of particular cases, and
they both consider pluralism to be the solution. Furthermore, they
both raise concerns about the ontology of the particular subject
matter to press the case for their pluralism. Midgley writes, about
sociobiological arguments, “|w]hen such arguments are pernicious,
it is not because they are biological but because they are bad”
(Midgley, 1984a, 107). And why are they bad? Because they
are reductive in “the bad sense” (Midgley, 1984a, 107), which for
Midgley means that they devalue what is valuable—a process that
involves, as a first step “making one’s own kind of explanation
exclusive” (Midgley, 1984a, 108). Again, the problem here is with
replacement, and this is a problem in precisely the same way
that concerned Stillman. Midgley is not categorically opposed to
sociobiology—indeed she argues for its many benefits, and observes
that it has, at long last, managed to connect the biological sciences
with the social science (Midgley, 1984b). Instead her problem is
that sociobiologists have blatantly assumed that sociobiology s
enough when clearly it is not. For Midgley sociobiology is one
component among many, and it is mistake to relate it to alternative
accounts as a competitor when it should be related to them as
complement.

Maki, too, argues that pluralism is an antidote to imperialism,
although he does so on different grounds. For Méki the reasons for
adopting a pluralistic stance really derive from the fallibility of all
theories—especially in the social sciences.

The epistemological constraint I am proposing on economics
imperialism advises against dogmatic commitment and rec-
ommends a strong sense of fallibility and openness to critical
conversation across disciplinary boundaries. Personal and
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strategic commitment to a theory may do no harm, but only
provided it is accompanied by tolerance and pluralism that
derive from a deeper commitment to the uncompromised
principle of fallibilism. (Maki, 2009, 23)

Finally, it may be in place to say something further about Dupré
here. Above I have bracketed him together with Midgley, and
indeed they appear to have a lot in common. But there is also an
alternative way of understanding Dupré. That is, although human
behaviour is never going to be explained by a single theory, this does
not mean that pluralism, specifically, can help us here. Dupré’s
charge against Becker and the evolutionary psychologists is not
primarily that they are not pluralists, but rather that their proposed
explanations are bad.!! Pluralism would not necessarily make them
better. In Midgley’s case, what is bad about sociobiology is precisely
that it is not pluralist when it should be, but Dupré’s concerns
seem to be different. Thus his antidote is perhaps not pluralism,
curiously enough, but rather observation of “proper protocol”, or
something along those lines. Admittedly, this is not a particularly
precise or even informative position on imperialism in general, but
then Dupré is primarily concerned with particular cases.

4.5.4 Problem-Feeding, Collaboration, and Imperialism:
an alternative account

I am now going to develop an alternative to the idea of pluralism
as a gatekeeper guarding against imperialism. Although an across-
the-board pluralism, regardless of its underpinnings, does do away
with type-II imperialism, it is equally clear that pluralism is not
always the correct position. Even the most committed pluralist
will have to admit that for certain phenomena, however limited

A caveat: Dupré is certainly a pluralist and it is clear that he thinks that
some kind of pluralism will be appropriate in the cases he discusses.
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the class might be, monism—a single account—will do. In any
case, whether or not pluralism is appropriate for some particular
phenomenon is a contingent matter, impossible to determine from
the armchair. Thus pluralism does not target illicit forms of impe-
rialism specifically, and in particular it does nothing to stop type-I
imperialism—quite the opposite.

So if pluralism is at best a rule of thumb, let me now suggest
an alternative. The proposal here relies, not on pluralism, but
rather on agreement among parties. As such it is also fallible and
no guarantee that mistakes will not be made. In this sense it is
no better than the pluralist suggestion. Nor is it worse. Moreover,
it is specifically honed to handle the kinds of context in which
imperialism really matters—i.e. interdisciplinary collaborations.

Within the framework provided in previous chapters it is possi-
ble to model the imperialist tendency on the way in which disci-
plines, in general, attempt to formulate problems so that they fit
the resources they have at their disposal. What does that tell us
about imperialism?

Here is a proposal about how to understand type-II imperialism
and its prevention in collaborative, interdisciplinary contexts. We
have already concluded in the previous chapter that the central
task for any interdisciplinary problem solving process is to main-
tain cross-boundary problem-stability. Cross-boundary problem
stability, crucially, does not imply that a problem is identical before
and after the transfer. Rather it requires both the source discipline
and the target discipline to accept the transformation. That is,
procedural problem stability is not necessary for cross-boundary
stability to hold. The problem is transferred in a mutual, and
reciprocal, exchange that is controlled and mediated by the disci-
plines involved. One way of understanding imperialism, in such
a context, is not to claim the problem for oneself—that would
be the anti-pluralist mistake—but as a failure to ensure that the
transformation is agreed. On this view, the imperialist failure is a
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failure to collaborate; and as long as mutual acceptance is in place
the solution may involve either several disciplines or just one.

This rule of thumb does not impose across-the-board plural-
ism. Instead it requires us to observe the mutual and reciprocal
character of interdisciplinary collaboration. One might object that
collaboration is not a value in itself, in general. This is indeed
true, but then, it is a value in the contexts in which imperial-
ism is interesting—i.e. collaborative, interdisciplinary ones—for
perfectly trivial reasons. In other contexts, including disciplinary
ones, imperialism is indistinguishable from any other type of failed
expansionism, or indeed failed science in general, and thus is a
different matter entirely.



Chapter 5

Unity and Pluralism in
Sustainability Science

5.1 Two Models of Interdisciplinarity

Now let us return to the issue of interdisciplinarity more gener-
ally, and especially to its relationship to unification and pluralism.
We have already contended that in order for disciplines to solve
problems jointly by transferring them across their boundaries those
problems need to be stabilized to a sufficient degree. But what
about the boundaries themselves? Or rather, to what extent do
disciplines need to be integrated, unified, or related, to one another
for problem-feeding to even get going in the first place? Obviously,
some relationship must precede problem-feeding. There must be
a reason for the problems to be transferred. In this chapter I will
return to some themes introduced in the first chapter, and in par-
ticular the themes of unificationism and pluralism in sustainability
science. I will present a number of arguments, both general and
specific, showing why a unificationist model for interdisciplinarity
may not be the appropriate one in sustainability science. In the
penultimate section I will return to the pluralist model and discuss
problem-feeding in light of that model.
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First, however, let us briefly revisit the notion of interdisciplinar-
ity in general. One important distinction to get out of the way
before I begin is between global and local interpretations of inter-
disciplinarity. Sometimes interdisciplinarity is perceived as a model
for science as a whole, while at other times it is regarded as a way in
which individual disciplines can be linked or combined, permanently
or temporarily. Eric Jantsch’s (1972) notion of transdisciplinarity
is an example of the former. He understands this notion to imply a
“multilevel coordination of [the| entire education/innovation system’
(Jantsch, 1972, 15). Jantsch’s transdisciplinarity is thus a global
form interdisciplinarity that coordinates science as a whole. In this
theses the focus, rather, has been on more limited interactions be-
tween disciplines, and this focus is more in line with current usage
of the notion of transdisciplinarity (see e.g. Klein, 2014, 2010).

Even on such a limited conception of interdisciplinarity there
is a tension between, on the one hand, unification, and on the
other, pluralism. Clearly, if we think of interdisciplinarity as
a kind of division of cognitive labour, then both overlaps and
differences between disciplines simultaneously create the impetus
for engaging in interdisciplinarity in the first place. An interest
is shared, perhaps in a particular problem or problem complex,
but the approaches—the theories, tools, methods, and so on—are
different (and complementary).

At a more fundamental level, however, it is quite clear that
although shared interests and complementary approaches make for
an ideal start, they are not nearly sufficient for interdisciplinarity.
Even the realization that this is indeed the case requires other
components to be in place, because a range of comparisons have
to be made between the domains of the respective disciplines as
well as the resources at their disposal. Aligning two disciplines in
their entirety with respect to one another is no small task, however,
and where it is achieved a case could be made that disciplines
have been unified. For the most part such thorough integration

Y
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is not realistic and it appears that interdisciplinarity indeed often
proceeds in the absence of such unification. But then, how much
unification is necessary, how much pluralism can be tolerated, and
in what respects? As have been noted already there are several
models.

To return to Jantsch briefly, for him transdisciplinarity repre-
sents the final stage, the stage at which the “ultimate degree of
coordination” (Jantsch, 1972, 17) can be achieved (see Figure 5.1).!
This stage is preceded by five previous stages, or lower forms. The
first two of these are disciplinarity and multidisciplinarity, neither
of which is integrative at all. What is particularly interesting is
the difference between, on the one side, interdisciplinarity (in the
narrow sense Jantsch prefers) and crossdisciplinarity, and on the
other, pluridisciplinarity.

Where there is interdisciplinarity and crossdisciplinarity the
work is organized under a common “axiomatics” (Jantsch, 1972, 16)
deriving either from one of the involved disciplines, or from some-
where else. For Jantsch, that somewhere else is the next hierarchical
level.? In pluridisciplinary work, however, no such axiomatics are
present. The separation of crossdisciplinarity /interdisciplinarity
and pluridisciplinarity highlights a distinction that can be drawn
between two rather different approaches, or perhaps strategies, in

!Contemporary attempts to draw up taxonomies are often based on some
of Jantsch’s terminological innovations (especially the trichotomy of multi-,
inter-, and transdisciplinarity), but they are considerably more extensive and
often messier than Jantsch’s own suggestion (Klein, 2010; Huutoniemi et al.,
2010).

2Jantsch embraced a view of the disciplinary system as already organised in
a certain, rather tidy, fashion. At the bottom of the pyramid was the empirical
level where, for example, physics, psychology and biology are situated. One
level up is the pragmatic level, where one finds physical technology and natural
ecology. The penultimate level is normative and contains, for example, social
systems design. The top of the pyramid is labelled “meaning, values” (Jantsch,
1972, 14).
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Figure 5.1: Jantsch’s integrative stages (Jantsch, 1972, 15)
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interdisciplinarity research: one that emphasizes unification, and
another that emphasizes pluralism. These two approaches, concern
the starting points, rather than the targets, of interdisciplinarity.

5.1.1 The Unificationist Model

Jantsch’s conceptions of interdisciplinarity and crossdisciplinarity
eschew the idea that a unifying framework (an ‘axiomatics’) of some
sort functions as the organizing principle from which research then
proceeds. I will call this approach to interdisciplinarity the unifica-
tionist model. Let us consider a few examples from sustainability
research.

5.1.1.1 Resilience Theory

First, resilience theory. We have already seen (Thorén and Persson,
2015; Thorén, 2014, 2015b; Chapters 3 and 4) that the resilience
framework is one of the most influential theoretical contributions in
sustainability science. Resilience theory is often categorized as an
integrative theory (Holling et al., 2002, 21). The hope is that this
theory can “combine disciplinary strengths while filling disciplinary
gaps’, support decision making processes, and make way for more
robust decisions (Holling et al., 2002, 8). How is this to be realized
within resilience theory, then?

With the caveat that sustainability science is broad, and bearing
in mind that resilience theory is not a well-defined theory, the main
way of going about this integration is, simply, to cast (or recast) a
range of different phenomena in terms of concepts supported within
the resilience framework. A wide range of phenomena, objects,
and structures commonly studied in disciplines such as political
science, economics, anthropology and sociology are thought of as
complex adaptive systems, or parts of complex adaptive systems,
and thus analogous in many respects to ecosystems. They are thus
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fitted into a theory of systems dynamics construed around concepts
such as that of an adaptive cycle and that of a panarchy. In this
fashion the resilience framework is ‘plugged into’ a range of other
disciplines. Here is an example:

Competitive processes lead to a few species becoming domi-
nant, with diversity retained in residual pockets preserved
in a patchy landscape. While the accumulated capital is
sequestered for the growing, maturing ecosystem, it also
represents a gradual increase in the potential for other kinds
of ecosystem futures. For an economic or social system, the
accumulating potential could as well be from the skills, net-
works of human relationships, and mutual trust that are
incrementally developed and tested during the progression
from r to K. (Gunderson and Holling, 2002, 35)

The symbols r and K denote different phases within an adaptive
cycle. In this way the framework is then deployed to explain
facts that have perhaps generally been explained by historians,
sociologists, economists, or political scientists. Radical changes
such as revolutions, economic collapses, or wars become targets
for the framework. So they are now explained in terms of loss of
resilience.

That is to say, one of the principle ways in which the resilience
framework connects these disciplines appears to be by explaining
facts that one would normally think of as belonging to the domain
of the disciplines. Interdisciplinary ambitions are almost completely
determined by the framework in question. Further disciplines are
included to fill in the details. The framework is the organizing
principle, and anything that is not captured within it is simply left
out of the picture.



5.1 Two Models of Interdisciplinarity

119

5.1.1.2 Tipping Points

Second, in an influential article in Proceedings of the National
Academy of Sciences Timothy Lenton and his colleagues Lenton
et al. (2008) identify a number of tipping points in the Earth’s
climate system (see also Thorén and Persson, 2013). The systems
in which they are interested are “components of the Earth system”,
by which they mean subsystems of the Earth system at least
“subcontinental in scale” (Lenton et al., 2008, 1786). Examples
include the Greenland Ice Sheet, Atlantic Thermohaline Circulation,

and the Indian Summer Monsoon (a further six examples are given).
Lenton and colleagues identify tipping elements in these systems.

Such an element exists if the control parameters of the system can
be “transparently combined” into a control p to which there is a
critical value, p..;, that is so that if the system exceeds this pg.;; it
shifts (after a period of time) into some other state (i.e. there is a
change in some very important system feature) (Lenton et al., 2008,
1786). perit is then the tipping point of the component. A policy
relevant tipping point meets further criteria relating to how the
system in question is valued, how quickly it can be pushed above

the tipping point, and the consequences of it being thus pushed.

Having argued for the existence of policy relevant tipping elements
and policy relevant tipping points in connection with nine Earth
system components, including the three indicated above, Lenton
and colleagues call for further studies, apparently attempting to
reach out to the social sciences. They write:

A rigorous study of potential tipping elements in human
socioeconomic systems would also be welcome, especially to
address whether and how a rapid societal transition toward
sustainability could be triggered, given that some models
suggest there exists a tipping point for the transition to a
low-carbon-energy system. (Lenton et al., 2008, 1792)
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If we do interpret this as a call for interdisciplinarity, it is clearly
one conditioned by the use of the tipping point framework that
Lenton and colleagues have introduced. A framework is provided
at the outset, and then further disciplines are sought to work out
some of its details. This framework effectively fixes the manner in
which further contributions can be made. It provides a range of
concepts and notions, and even formal models. It remains for the
social scientist merely to identify system components that fit those
concepts and models.?

5.1.1.3 Central Features of the Unificationist Model

Generally speaking, I think we can discern three closely related
features of the framework model that are typical of it, although
perhaps not necessary to it. The model tends to be 1) monist, and
2) reductionist. Often, it also 3) excludes perspectives. The attri-
bution of monism here is uncontentious. The idea is to introduce a
single framework that unifies the disciplines involved and organizes
them. That is just what monism means in this context.

There are many forms of reductionism and the unificationist
model is not tied to any one of these in particular, although some
are perhaps more prominent. Again, consider the resilience theory
example. The framework is reductionist in at least two senses.
First, it treats a wide range of different systems as members of a
single class or type: thus ecosystems, economics, organizations and
social-ecological systems are all complex adaptive systems. This
is a kind of ontological reduction (see Searle, 1992). Second, it
purports to explain a number of facts otherwise explained by, say,
economic, historical, or social theories, in terms of systemic causes.

3Just to be clear, whether or not these two examples in fact exemplify the
approach depends on the intentions of those behind the respective frameworks.
With a broad movement like resilience theory these intentions are likely to
differ between scientists and theoreticians.
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This is what Kenneth Schaffner has called indirect theory reduction
(Schaffner, 1967).4

In the interdisciplinarity literature the terms ‘reduction’ and
‘reductionism’ are often used almost as invectives. They are sug-
gestive of an outdated mode of scientific inquiry that is possibly
imperialist (in the sense implying some kind of illegitimacy) and
intrinsically wrong-headed. In a particularly scathing passage
Andrew Sayer remarks: “Disciplinary parochialism, and its close
relative disciplinary imperialism, are a recipe for reductionism,
blinkered interpretations, and misattributions of causality” (Sayer,
2000, 7). However, although one may be critical of reductionist
theories of science or strongly reductionist metaphysics, it seems
odd to be critical of reductionism as an explanatory strategy. For,
sometimes it works, and when it does nothing is lost in the process.
Moreover, establishing a reductive relationship is a very effective
way of organizing interdisciplinary research, as it provides a hierar-
chy internal to the context in which the framework is introduced
and a system for dividing cognitive labour.

Finally, the unificationist model for interdisciplinarity tends to
be exclusive, rather than inclusive, and perspectives that fail to fit
the framework are simply left out. For example, resilience theoreti-
cians are not unaware of negative analogies between social systems
and ecosystems. On the contrary, they recognize these disanalogies
and have pointed to several themselves (see Westley et al., 2002).
Nonetheless, along with any framework comes a whole value system
that determines what is important, or central, or interesting. In
the framework of resilience theory, everything revolves around per-
sistence and radical change. So although resilience theory is often

41 will not go further into the literature on reductionism. Ernest Nagel’s
(1961) account of theory reduction is perhaps the best known. It was then
developed by Kenneth Schaffner (1967; 1969). The notion of indirect theory
reduction is Schaffnerian. See also Searle (1992) for a brief but clear overview
of the various kinds of reduction, including ontological reduction.
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couched in language that plays down the unificationist tendency,
with the insinuation that we are dealing with a “heuristic theory of
change” or a “metaphor” (see e.g. Carpenter and Gunderson, 2001),
it still has quite far-reaching implications for how, precisely, the
disciplines involved make their contributions.

Underpinning the unificationist model, naturally, is the assump-
tion that the subject matter at hand can be accurately represented,
or anyway made intelligible, within the boundaries of the suggested
framework. This assumption is sometimes founded on ideas about
the ontology of that subject matter, as appears to be the case with
resilience theoreticians.

5.1.2 The Pluralist Model

The counterpoint to the unificationist model for interdisciplinarity
is a pluralist alternative that emphasizes not unity, but rather
plurality. However, it does not emphasize plurality only. The
pluralist model of interdisciplinarity is not multidisciplinary. It
does not imply the mere “[jjuxtaposition of various disciplines,
sometimes with no apparent connection between them” (Apostel
et al. 1972, 25), and it is not, as Julie Thompson Klein puts
it, a form of interdisciplinarity that is “essentially additive, not
integrative” (Klein 1990, 56). The model I have in mind here
is integrative, although it does not proceed from a shared (or
imposed) framework, or common set of principles or axioms. Some
philosophers have emphasized the way in which different disciplines
can come together to produce compound explanations (Brigandt,
2010; Love, 2008; Mitchell et al., 1997). Sometimes the causal
background of a phenomenon is such that it cannot be captured by
a single account because the phenomenon has many different causes
and their specific composition varies from instance to instance
(Mitchell, 2002, 2003). At other times decompositions of a system
into subsystems cannot provide neat, differing levels of description;
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the individual subsystems are located on several levels of description
and “cross boundaries between theoretical perspectives” (Wimsatt,
1972, 73). In such cases efforts to account for a specific phenomenon
will require contributions from several theories, often drawing on
different disciplines. No particular discipline will be fundamental,
and there will be no obvious overarching framework in place under
which all facts have to be expressed.

5.1.2.1 The COy Cycle

There are several examples in the literature where the pluralist
model is applied. Most involve explanations of various biological

phenomena and thus relate biological sub-disciplines to one another.

We have already mentioned one of Mitchell’s favourite examples:
the division of labour among social insects (see Chapter 3; also
below). We will return to Mitchell’s example, but first let us
consider a different case: the discovery of the COy cycle (Weart
(2003); see also Thorén and Persson (2013)). In our understanding
of Earth’s carbon cycles the role of the oceans is important, because
COs, dissolves in water. Until the mid-1950s estimates of the average
time a CO5 molecule spent in the atmosphere ranged from a few
hours to millennia (Craig, 1957, 2). An important step in producing
accurate estimates came in 1957 when Roger Revelle and Hans
Suess (see Revelle and Suess, 1957), working at the Scripps Institute,

published a paper that linked a number of different mechanisms.

One was chemical. Ocean water is chemically complex and works as
a buffer solution, which means that although most CO, is dissolved
rather quickly it is almost immediately released into the atmosphere
again. The other was mechanical. Oceans are not homogenous
masses of water, but are made up of layers. Mixing within a layer

is rather quick, whereas mixing between then is excruciatingly slow.

As further chemical reactions are relevant, especially at the ocean
floor, CO, will eventually dissolve in the oceans, but this process
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depends on the water mixing, which is very slow. So estimates of
average times need to be somewhere around the upper limits of
what had previously been suspected.

This type of reasoning draws on knowledge from several disci-
plines, integrating it into a concrete result. However, this appears
to be achieved in the absence of general framework into which the
disciplinary knowledge is first fitted or organized.

5.1.2.2  Central Features of the Pluralist Model

The pluralist model of interdisciplinarity is, unsurprisingly, an
inversion of the unificationist model in that it tends to be: 1)
pluralist, 2) anti-reductionist, and 3) inclusive of alternative per-
spectives. Again the case for pluralism hardly needs to be spelled
out, although it should be stressed that it is primarily theoretical
frameworks that are stake here. Arguably, a collaborative effort
always requires some kind of framework, although not necessarily
a theoretical one. Disciplines can be practically integrated (see e.g.
Grantham, 2004).

The anti-reductionist feature of the pluralist model concerns
the relationship between the disciplines. In the example described
above Revelle and Suess effectively connect a number of theories
concerning mechanisms at different levels of organization. That,
quite clearly, is not the same thing as setting up a reductive
relationship. On Mitchell’s integrative pluralist account theories
that target different causes are integrated at the level of concrete
particulars (or causally homogenous types). Such a connection
does not involve reducing one theory to another.

5Grantham offers a short typology of practical integration. Among them
he counts heuristic dependence, the reliance of one discipline upon another
for interesting problems and hypotheses. Other possibilities he entertains are
conformational dependence and methodological integration. See Grantham
(2004, 143f).
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5.2 An Example: Complexity in Sustainability
Science

The unificationist and pluralist approaches to interdisciplinary
collaboration are not theories about interdisciplinarity. Rather,

they describe two bases from which interdisciplinarity may begin.

Both models for interdisciplinary collaboration have been alluded
to within sustainability science.

In order to see the difference more clearly, let us consider the
following example: how complexity is treated within sustainability
science. The concept of complexity has been used in all manner of
ways in the literature, and I shall not attempt to provide a complete
analysis of it here. Complexity is, however, a central part of the
project of sustainability science, because those working in the
field consider the problems and challenges of sustainability to be
fundamentally complex (Jerneck et al., 2011; Ostrom, 2007). Most
sustainability scientists treat complexity as a distinguishing feature
of the field—it is, primarily, this complexity, that necessitates an
interdisciplinary (or transdisciplinary) approach. Jerneck et al.
write: “In sum, the present scientific understanding signals that
sustainability challenges are multi-scalar, multi-faceted and strongly
interrelated in complex ways that require integrated solutions across
scales and domains” (Jerneck et al., 2011, 72).

With the problem of complexity in mind, one can clearly see
tensions within the field of sustainability science between the unifi-
cationist approach to interdisciplinarity and the pluralist approach.

It is quite common to treat complexity as a modelling problem.
Complexity is reduced to a kind of systemic uncertainty here. The

6Several philosophers have had an interest in complexity. William Wimsatt
is one (Wimsatt, 2003); Sandra Mitchell is another; Mark Bedau is a third
(Bedau, 1997, 2003, 2008). See also Hooker (2011) for a monumental collection
of essays on the topic and Thorén and Gerlee (2010) for a discussion on
complexity and emergence.
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problem becomes one of trying to model, or perhaps quantify, this
uncertainty in some way. A well-known example of this is the
pioneering work by Edward Lorenz on non-linear behaviour.” In
the context of sustainability science resilience theory, again, serves
as an example. In a paper entitled ‘Understanding the complexity
of economic, ecological, and social systems’ Holling outlines the
main features of the resilience framework and the intentions behind
the project:

The view presented here argues that there is a requisite level
of simplicity behind the complexity that, if identified, can
lead to an understanding that is rigorously developed but
can be communicated lucidly. It holds that if you cannot
explain or describe the issue of concern using at least a
handful of causes, then your understanding is too simple. If
you require many more than a handful of causes, then your
understanding is unnecessarily complex. (Holling, 2001,
391)

Few would disagree with the idea that representations in science
should be “as simple as possible but no simpler” (Holling, 2001,
391) as a general guideline. In general Holling is of the view that
these frameworks can be kept quite simple suggesting that the com-
plexity of the systems being studied is captured by describing the
interactions of a “smaller number of controlling processes” (Holling,
2001, 391). The most significant presupposition that Holling makes,
is that complexity itself can be captured and controlled within an
integrative theory of complex systems: “a theoretical framework
and process for understanding complex systems” (Holling, 2001,
391).

Holling, in effect, treats complexity as a specific obstacle, one
that can be overcome through the adoption of a suitable approach,

"See Kellert (1993) for a discussion on that particular case.
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which will often be a formal or mathematical approach. This
approach is effectively a unifying framework that can be applied
to all things complex.

However, there is another way of thinking of complexity. In
essence this is a different view of what complexity is and what its
implications are. Consider the following remarks made by Yuya
Kajikawa and his colleagues:

This complexity calls for an interdisciplinary approach to
account for multiple factors and to design solutions by em-
ploying, utilizing, and integrating diverse knowledge, skills,
and tools from each discipline. In addition, it is obvious
that sustainability must be achieved in the real world. It
is neither a mere slogan nor an abstract, academic concept.
Therefore, we have no alternative but to engage society in
collaboration and to attempt change in an environment that
requires transdisciplinary practices. (Kajikawa et al., 2014)

One way of reading this is as follows: a phenomenon or problem
is complex if no single framework can capture it. This is what
it means for something to be complex. This view differs quite
radically from Holling’s and is deeply pluralistic. If this interpreta-
tion is correct, Kajikawa and his colleagues are far from alone in
understanding complexity in this way. Mitchell has made similar
points. She writes: “This ‘fact’ of pluralism, on the face of it,
seems to be correlated not with maturity of the discipline, but with
the complexity of the subject matter” (Mitchell, 2002, 55). She
continues, “Pluralism reflects complexity” (Mitchell, 2002, 55). On
this view complexity just is that which cannot be captured within
a single account.
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5.3 Problems with the Unificationist Model

So both approaches have their defenders in sustainability science.
Which approach should generally be taken, then? There are con-
cerns about both models. The pluralist model, for example, runs
the risk of becoming overtly holistic. In the sustainability literature
holism often seen as something deeply positive, but there are clearly
limits: there are pragmatic concerns to take into account, and all
models need to be cognitively accessible, and tractable, to be useful
at all. One cannot include everything (cf. Hempel, 1965).

There are several reasons why we might be sceptical about the
unificationist model of interdisciplinarity, both in general and in
the context of sustainability science in particular. Here are four
arguments.

5.3.1 The Parochial Framework Argument

The first argument against the unificationist model draws on the
idea that frameworks tend to be parochial and exclusive. The
worry is this: if one is interested in drawing on the resources of a
range of disciplines, as is explicitly the case in sustainability science,
then forcing those disciplines into a predetermined framework can
be too prohibitive. Conceivably, the offer of collaboration might
not be particularly tempting for the ‘invited’ disciplines. This is
not necessarily problematic, but it can be challenging in certain
contexts. Although this worry has not been raised directly in the
literature, it is clear that the inclusion of many perspectives is often
viewed as a virtue, and even as necessary, within sustainability
science (Bettencourt and Kaur, 2011; Komiyama and Takeuchi,
2006). This argument proceeds from a pair of premises, namely:
that the framework in question is in fact exclusive, and that one is
interested in harnessing the resources already present in some set
of disciplines. But these claims, as has already been pointed out,
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are widely embraced.

5.3.2 The Argument from Representation

Another, quite general, problem draws on pluralist arguments. A
theoretical framework is a representation of reality, and as such it

is inherently limited. An analogy can be made with a regular map.

A map that contains every minute detail of the place it depicts is
just a copy of that place. It is just as easy to get lost in as the place
itself. It is therefore useless as a map. Scientific representations, it
is argued, are also constrained by pragmatic considerations; they
cannot be severed from their uses (Mitchell, 2009, 32). In order to
have workable representations something—usually, quite a lot of
things—must be left out.

The upshot of this argument is recognition that there are always
several ways of making scientific representations. Connectedly,
we see that quite which representation—or, for present purposes,
combination of representations—is preferable will depend on what
one is planning to do with the representations.

The argument thus substantiates the point previously argued,
by supporting and generalizing the first premise. Any framework
is, by necessity, exclusive.

5.3.3 The Argument from Complexity

There are problems with the above argument, however. For one
thing, there are special cases in which representations and that
which they represent are really one and the same thing. Consider,
for example, the study of artificial systems, and cellular automatons
such as the Game of Life (GOL).® GOL is a game that plays out over

8This game was invented by John Conway and made popular by Martin
Gardner (1970). It has received considerable attention ever since, not least
from philosophers. Mark Bedau builds his notion of incompressibility around



130

Unity and Pluralism in Sustainability Science

a lattice in which each cell can be either live or dead. The state of
each cell is determined by the states of cells immediately around it,
and the game is played in rounds. Live cells with two or three live
neighbours survive, dead cells with exactly three live neighbours
spring to life, and live cells with four or more live neighbours perish.
These rules create patterns which, for some initial configurations,
appear to be impossible to predict analytically (Bedau, 2003, 2008).
The point is that the object of study here is GOL and it is studied
by using the game itself.

Thus the argument from representation is sometimes augmented
by a complexity argument. This argument states that for a complex
reality there is no single representation that can be complete and
thus we have to resort to aggregated explanations (Mitchell, 2002;
Kellert et al., 2006).

5.3.4 The Time Frame Argument

Finally, a fourth argument that one might raise against the unifi-
cationist model, at least in the context of sustainability science,
is that producing a good overarching framework is exceedingly
difficult and hence takes substantive amounts of time. For, if the
intent is to produce overarching frameworks that manage to relate
two disciplines to one another in every respect, then the risk is that
the strategy is quite simply a non-starter. There are many exam-
ples from the sciences where distinct disciplines apparently have
similar interests—take psychology and neuroscience, for instance—
and where figuring out how, precisely, the disciplines relate to one
another remains something of a mystery.

A leading thought in this thesis is that interdisciplinarity in
general, and problem-feeding in particular, can proceed from a
much less coherent base than the unificationist model would suggest.

the example of GOL (Bedau, 2008, 2003). It has also been discussed by Daniel
Dennett (1991).
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Perhaps the example of psychology and neuroscience could be taken
as a case in point. In spite of the difficulty we have understanding
how these disciplines are related to one another, and although this
difficulty remains unresolved, generations of cognitive scientists
have been able to draw from both.

5.4 Pluralism, Communication, and Knowledge

Before we conclude, let us return to the topic of pluralism and
problem-feeding. In the previous chapters we have discussed sev-
eral pluralist accounts. These focus to large extent on ontology
and metaphysics in their defence of pluralism and non-reductive
integration. Mitchell’s integrative pluralism (Mitchell, 2002, 2003,
2009) is probably one of the most influential and well-known ac-
counts. She outlines how different disciplines can contribute to
the explanation of phenomena by supplying distinct theories that
target individual causes in a causal cluster (see Chapter 4). Her
own main example concerns the division of labour in social insects,
but many other phenomena appear to exhibit a similar structure.
The recent warming in the climate system is an example close to
home for sustainability scientists. A range of different theories
have been provided at various levels of description that explain
recent climate change. The raised concentration of CO, in the
atmosphere over the last 150 years or so is the main culprit. That
the main culprit is the industrial revolution, and the carbon-based
economy it ushered in, cannot be doubted, but of course a range
of different factors come into play nonetheless. There is a natural
variability in the climate system. Climate is possibly affected by,
for example, variability in solar phenomena, such as the prevalence
and intensity of sunspots and solar storms. Positive feedback loops
also play a central role. It is obvious that climate change as a
general phenomenon may have many different of causes. It has
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happened many times before on this planet. There is never going
to be a “general theory of climate change”. Certainly, there is not
going to be one invoking a single cause, but neither is there going
to be one that lists all causes and gives the proportion of their influ-
ence relative to one another. Different climate change events have
different causal profiles. In this sense the different theories of why
climate change occurs cannot be integrated at the level of theories
themselves. The theories can be integrated, however, at the level
of concrete particulars, such as in explaining the climate change
event that we are currently experiencing. However, if Mitchell’s
integrative pluralism is correct (with respect to this phenomenon)
it is quite possible that many of the theories addressing the causes
of climate change are true at the same time.

Others have focused more heavily on issues of language and
communication. One idea that has become influential, especially
in science and technology studies (popularly abbreviated as STS),
involves the notion of a boundary object. Susan Leigh Star and
James Griesemer (1989) once proposed that an object of this sort—
usually, some concrete object, such as a map—could, by being
“plastic enough to adapt to local needs |...| yet robust enough to
maintain a common identity across sites” (Star and Griesemer,
1989, 393), mediate communication between parties that otherwise
belong to different social worlds. In the kind of case with which
Star and Griesemer’s are concerned the different social worlds
are those of different people, and groups of people, associated
with Berkeley’s Museum of Vertebrate Zoology. The notion of a
boundary object has, however, been widely deployed in discussions
of interdisciplinarity (e.g. Collins et al., 2007).°

Similarly Peter Galison has suggested that trading zones can
arise between incommensurable paradigms. Here exchange is made

9For discussions of boundary objects, resilience, and sustainability science
see, for example, Thorén (2014) and Brand and Jax (2007).
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possible by local coordination rather than by the harmonization
of global meaning. Galison draws on an anthropological example
of monetary interactions between peasants and members of the
landowning class in the Cauco valley in southern Columbia. He

discusses the purchase of goods, the payment of rent, and so forth.

Within such exchanges “both sides are perfectly capable of working
within established behavioral patterns” (Galison, 1997, 804) in
spite of the wildly different understandings of the significance of
the exchange itself within the two groups. For the landowners,
money has a certain set of properties (it accumulates into capital,
for example). For the peasants, it has other properties. For
example, a peso bill can be baptized and then called to return. If
one pays for something with a baptized bill, one may at a later
stage call on it to return, and in this situation it will bring its
kin along. Galison suggests that similar trading zones can be
established between scientific ‘cultures’. He notes that there was a
“rich experimental subculture” (Galison, 1997, 812) within which the
contrasting theories of Abraham, Lorentz, Poincaré, and Einstein
were compared, in spite of the fact that these different theorists used
the concept of mass very differently from one another. Moreover,
the work of this subculture, spearheaded by Max Kaufmann and
Alfred Bucherer, was “clearly understood by all four of the relevant
theorists” (Galison, 1997, 812). Galison takes this as an indication
that, in spite of global differences in the mass concept, there was a
“localized zone of activity” where some exchange was able to occur
(Galison, 1997, 813).

Different groups engaged in prolonged interaction can develop
contact languages that range from rather simple pidgins, to more
sophisticated creoles (Galison, 1997, 831ff). The pidgins are merely
blends of already existing languages and would not readily be used
as a ‘first language’, whereas creoles may be so used.

Some of Galison’s examples differ from what has been discussed
here. For example, in the above example Galison is concerned with



134

Unity and Pluralism in Sustainability Science

theory change and competing paradigms, whereas my focus, rather,
has been on theories and paradigms that are compatible.

Finally, a third account, and one that has gained a consider-
able reputation, is Harry Collins’ notion of interactional expertise
(Collins and Evans, 2002; Collins, 2004). Collins argues that in-
teractional expertise sits somewhere between formal propositional
knowledge and informal, or tacit, knowledge. Informalists, such as
Collins, have traditionally believed that some kinds of knowledge,
such as the knowledge involved in executing a skill like riding a bike,
can never be fully expressed propositionally. One can read about
it all summer, but unless one actually rides a bike one will never
have a full understanding of the skill involved. For propositional
knowledge, no such direct experience is necessary. This has been
taken to have consequences for artificial intelligence: a competent
judge would be able to tell the novice who has only read about
bike riding from the accomplished practitioner.

Collins suggests that this informalist conclusion is misguided,
as it overlooks interactional expertise. This kind of knowledge—the
third kind, as it were (Collins, 2004)—can be acquired without
having to practice the skill, although it requires the person seeking
such knowledge to devote “enough time talking with the practi-
tioners of the relevant domains” (Collins, 2004, 127). Interactional
expertise, argues Collins, is what the sociologist (and perhaps, the
philosopher) of science needs to have in order to communicate
successfully with expert practitioners, but it is different from con-
tributory expertise, which is what the practitioners themselves
have. Interactional expertise enables one to “convey the scientific
thoughts and activities of others” (Collins, 2004, 128).

Some of these ideas, especially the notions of boundary object
and boundary work, have been influential in the sustainability
science literature. Brand and Jax (2007) argue that the notion of
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resilience may indeed function as a boundary object.!® We may
wish to see this explained more fully before accepting it (see Thorén,
2014). Nonetheless, the suggestion here is that communication can
occur across fields that otherwise are disorderly.

5.5 An Interdisciplinarity for Sustainability

What is a suitable approach for sustainability science as a whole? I
think it is rather clear that a pluralist approach to interdisciplinarity
is advisable. This is not least because sustainability science is such
an important project that if it were to be hijacked by one discipline
or another the consequences could be much worse than merely
producing some science of lower quality than it might have been.
I think the problem orientation of sustainability science should
not be forgotten. It is not an end in itself to integrate disciplines,
and unless such integration is instrumental in solving problems
it may cause more problems than it solves. Integration and uni-
fication are, after all, exceedingly difficult. Instead of trying to
integrate disciplines, efforts should be targeted at stabilizing prob-
lems and maintaining interdisciplinary contacts. Although this
has its own challenges and is by no means easy, it does appear to
be a practical, rather than a theoretical, challenge. One way of
realizing this problem orientation within a pluralist approach to
interdisciplinarity is by engaging in problem-feeding.
Furthermore, the problem-feeding account is not specific to
scientific disciplines: it could be applied, for example, to the rela-
tionship between science and society. A core aim of sustainability
is to produce knowledge that is socially relevant, or robust, as some
prefer to express it. It may be that one way to achieve this goal is
to maintain problem stability between the parts involved, so that

10See also Clark (2011).
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the transformations are mutually acceptable and thus the right
problems are solved.

To conclude, I would like to summarize this introductory essay
in four points. First, there are many ways of understanding what
‘problem orientation’ (or ‘solution orientation’) actually implies.
In this thesis I have outlined one way and pointed to some chal-
lenges. What appears especially problematic is the way in which a
problem solving process often involves several stages of problem
transformation. In interdisciplinary contexts, norms and conven-
tions governing such transformations are often lacking. Moreover,
the kinds of transformation that are deemed permissible depend
on what is regarded as interesting, or central, or important. Such
evaluative judgements are made on the basis of values that may
also differ across disciplines. There is no easy way out here: one
overcomes these challenges by paying attention to them and making
them explicit. But, the issue highlights the fact that collaborative
interdisciplinary efforts—and joint problem solving is certainly such
an effort—often involve actively aligning the disciplines involved
with one another. It is not all about ontology, but also about axiol-
ogy, and the axiology is not always about ‘discovering’ a connection
because it is sometimes about making one.

Second, I have outlined a more specific way of treating what a
“focus on the problems” might amount to in the problem-feeding
model of interdisciplinary collaboration. Problem-feeding also plays
other roles in this thesis. It is a way of realizing the Popperian
ideal in the context of social disciplines. That is, instead of the
enquirer importing whatever he or she needs, problems may instead
be exported to those who happen to have the appropriate tools.
Problem-feeding may also work as a model for collaboration in
sustainability science. Indeed the field is itself the result of such
an attempted transfer.

A third theme in this thesis has been the issue of scientific impe-
rialism. I have argued for an alternative conception of disciplinary
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imperialism cast in terms of cross-boundary problem stability. This
conception is more closely associated with collaborative interdisci-
plinarity which is where imperialism appears to matter anyway. In
sustainability science imperialism appears as one of the main dan-
gers. The risk here is that the disciplines involved fail to recognize
that sustainability science is a collaborative project, and one in
which interdisciplinary contacts and connections have to be main-
tained and nursed. This can lead to a field that is either fragmented
or excessively dominated by a single discipline or framework.

A final issue, which that last chapter addresses, focuses on
pluralism and unificationism as principles guiding interdisciplinary
projects. This issue, though rarely discussed explicitly in the lit-
erature on sustainability science, appears nonetheless to be an
ever-present undercurrent. In the final chapter I present argu-
ments that point towards the adoption of a pluralist model of
interdisciplinarity for sustainability science.
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Paper 1

Title: The Philosophy of Interdisciplinarity: Sustainability Science and Problem-
Feeding

Authors: Henrik Thorén and Johannes Persson

Publication Status: Published in Journal for General Philosophy of Science
44: 337-355

In this paper we introduce the notion of problem-feeding and present
it as a form of interdisciplinarity. We develop problem-feeding in
some detail and outline possible barriers to it, or challenges it
faces. We also compare problem-feeding to a ‘traditional’ account
of interdisciplinarity: Eric Jantsch’s evolutionary ladder (Jantsch,
1972).

First, problem-feeding is a form of problem transfer, and it has
been discussed in the literature many times before. An important
predecessor is Nancy Maull’s notion of problem shifts (Maull, 1977).
Problem-feeding describes the transfer of one problem, or several
problems, from one discipline to another, and it comes in several
forms. Unilateral problem-feeding involves no reciprocal exchange
of information, as is the case when one discipline relies on another
for its problems what Grantham (2004) calls heuristic dependence.
More interesting is what we call bilateral problem-feeding. This
involves the transfer of a problem from one discipline to another,
but also the transfer of the solution once it is obtained. Bilateral
problem-feeding is a fruitful form of interdisciplinarity.

Second, we provide arguments for the view that problem-feeding
is a practical form of integration, and for the claim that it can hap-
pen even between disciplines that otherwise would not be perceived
as closely related. There are, nonetheless, important barriers to
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problem-feeding. One is lack of mutual trust. In sustainability
science, unlike the cases that have most often been discussed in the
philosophy of science, the disciplines involved are quite far apart.
Often a researcher will lack detailed knowledge of procedures and
methods used in other disciplines and have to rely on them anyway.
Communication problems may also arise, and these have to be
overcome.

Third, the problem-feeding model is discussed in the context of a
traditional conception of interdisciplinarity. We suggest that there
is an interesting difference between the problem-feeding approach
to interdisciplinarity and the traditional integrative perspective
suggested by, among others, Jantsch and his colleagues. The inter-
disciplinarity resulting from problem-feeding between researchers
can be local and temporary, and it does not require collaboration
across proximate disciplines. By contrast, to make good sense of
traditional integrative interdisciplinarity we must arguably asso-
ciate it with a longer-term, global form of close, interdisciplinary
collaboration.

I have been involved in writing every part of this paper as it was
revised on numerous occasions. More concretely my contribution
to this paper concerns both the central ideas, especially the notion
of problem-feeding, and finding and developing the examples used.

This paper went through several revisions and both HT and JP
were involved throughout the process. The original idea came from
HT and HT produced the examples and worked out the notion
of problem-feeding. JP wrote the section on reductionism. Both
worked equally on finalizing the manuscript.
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Paper 11
Title: Resilience as a Unifying Concept
Authors: Henrik Thorén

Publication Status: Published in International Studies in the Philosophy
of Science 28(3): 303-324

This is one of three papers in this thesis which discuss the concept
of resilience more specifically. In this paper the focus is on resilience
as a unifying concept. As has been mentioned in the introductory
chapter, the concept of resilience has been widely influential in
sustainability science. It is also, however, a contentious concept.
In particular issues have been raised as to its suitability when
applied to social entities or ‘social systems’; to use the resilience
theoretician’s terminology.

A first task in this paper is to give an overview of different
concepts of resilience, or difference meanings of the term ‘resilience’.
Resilience is referred to in a range of different disciplines. Early
users of the notion were predominantly materials scientists, with
papers in textile research particularly conspicuous in this regard.
More recently that is, since the 1970s or so ecologists and psy-
chologists have come to be the dominant users, however. For
psychologists the notion has been a locus of discussion in itself,
whereas ecologists have been concerned primarily with the notion
of stability, and in this connection resilience is treated as a sub-
type. Nonetheless, there are many uses of the concept, some of
considerable complexity. I discuss a many different definitions of
the term ‘resilience’. Among these I identify two core concepts
of resilience. One is local, denoting the ability to return to some
point of equilibrium given a disturbance, and the other is global,
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denoting the ability of a system uphold some property as it is
disturbed. Definitional schemas are provided in which more or less
specific and distinct concepts of resilience can be produced. It is
argued that, in fact, most, if not all, relevant concepts of resilience
fit one or the other of these definitional schemas.

It is furthermore argued that there appears to be a strong

preference for more abstract versions of the concept in the literature.

This preference for abstraction is significant, since it affects the

way in which the concept can be expected to connect disciplines.

Abstract concepts move across contexts relatively easy because they
leave many features of the phenomenon to which they are applied
out. Thus there is a sense in which it seems quite unproblematic
to talk about the resilience of the Roman Empire, this or that

organization, or state, and so on. Two conclusions are suggested.

One is that some critics of the concept may have exaggerated the
degree to which it is confined to the context of ecology. Many
varieties of the resilience concept are abstract enough to be used
across a wide array of contexts, including in social science. Another
is that proponents of the concept have exaggerated what follows
from this broad applicability. Different systems in which it may be
appropriate to use the notion of resilience can differ in every respect
except exhibiting a resilient behaviour under some description. In
other words, resilience may indeed unify many disciplines in this
way, but it is a rather weak form of unification.

This explains the apparent context-insensitivity of the resilience
concept, but it also presents a problem for those hoping to establish
a research programme based on it. It is suggested that, instead,
the focus should be on concrete mechanisms for resilience.
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Paper 111

Title: Replacement and Expansion in Scientific Imperialism
Authors: Henrik Thorén

Publication Status: Submitted

One interdisciplinary relationship that does not involve collabo-
ration, but may nonetheless cause heated discussions and hurt
feelings, is disciplinary imperialism. Disciplinary imperialism is
commonly thought to involve extending the scope of the cognitive
resources of one discipline into a domain associated with another
discipline. For example, by applying a theory developed in one
discipline to explain facts or phenomena that are part of a domain
usually associated with another. Disciplinary imperialism is often,
though not always, thought of as a boundary infringement a kind
of scientific trespassing. I argue that although it is easy to see why
those at the receiving end of imperialism may sense the danger and
defend themselves, the complaint that imperialism is epistemically
detrimental is harder to maintain. Disciplines claim intellectual
ground by their epistemic success, and they are always open to
revision. Moreover, as imperialism is a species of unification, it is
a good thing in circumstances where it can be achieved.

This paper explores the reasons why imperialism is thought to
be failed interdisciplinary interaction. Two general such reasons are
identified in the literature. One points to a failure of generalizing
or expanding the domain of application of some theory, model, or
framework. The other concerns illicit replacement of superior, or
compatible, alternative accounts. These are labelled type-I and
type-II imperialist failures respectively. It is shown that these two
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reasons really constitute two independent, although not mutually
exclusive forms of scientific imperialism.

It is furthermore argued that the mere failure of a framework,
in either of these respects, need not be cause for concern. It
is shown that in order to gauge the damage of imperialism one
needs to specify the context in which it takes place. Two relevant,
limited contexts of this sort are specified. One is the interdisci-
plinary context, where collaboration is central and replacement may
substantially hamper the effort. The other is the context where
scientific knowledge is recruited to help direct decision-making
processes.
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Paper IV

Title: Stepping Stone or Stumbling Block? Mode 2 knowledge production in
sustainability science

Authors: Henrik Thorén, Line Breian

Publication Status: Submitted

The concept of ‘Mode 2 knowledge production’ was introduced
in the mid 1990s by Michael Gibbons, Camille Limoges, Helga
Nowotny, Simon Schwartzman, Peter Scott, and Martin Trow in
their highly influential book The New Production of Knowledge
(Gibbons et al., 1994). The concept aimed at outlining a develop-
ment the authors observed in contemporary science, a development
away from the institutional structures and cognitive and epistemic
patterns of ‘traditional science’. Mode 2 knowledge emphasizes
heterogeneous and temporally unstable groups forming to solve
‘real-world’ problems by deploying equally transient frameworks.
Narrow disciplinary research driven by department bound tradi-
tional academics, Gibbons et al. maintain, is an outmoded form
of research that is becoming increasingly threatened by the rise
of researchers and experts who’s salary come from think tanks,
private institutions, and commercial laboratories.

In spite of the fact that this concept is largely descriptive, it
has gained a wide following in many different fields. One such field
is sustainability science. Here the idea of research that bridges
disciplinary boundaries as well as the science-society boundary has
immediate appeal.

In this paper the aim is two-fold. First we seek to explore the
perceived relationship between Mode 2 knowledge production and
sustainability science among sustainability science practitioners.
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The reason is that, although the appeal of mode 2 knowledge
production is quite understandable, sustainability science nonethe-
less exhibits several features otherwise associated with traditional
science (‘Mode 1 knowledge production’ on Gibbons et al’s ter-
minology). This is relationship is investigated through a survey
among sustainability scientists. The second aim is to further the
theoretical discussion on mode 2 knowledge. Here the focus is
on whether mode 2—and similar approaches—are suitable in the
context of grand challenges in general, and sustainability science
in particular.

The survey results indicate that sustainability science appears
to be on a dual track both showing features associated with mode
2 research and those associated with traditional mode 1 science.
We suggest several different explanations that may account for
such a trend. These relate both to the resilience of traditional
institutional structures and conceptual issues pertaining to the
notion of mode 2 itself. In particular we focus on uncertainties
regarding the normative content of the term.

This paper grew out of another paper authored by LB, HT,
and JP. The version included in this thesis was drafted by HT. LB
collected and analysed the data and produced the figures. HT and
LB finalized the manuscript.
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Paper V

Title: Resilience: Some Philosophical Remarks on Defining Ostensively and
Stipulatively.

Authors: Henrik Thorén and Johannes Persson

Publication Status: Submitted

A good deal of the discussion of the concept of resilience, with
its promise to unify and integrate research on sustainability, has
concerned the content of the concept. Indeed, there are several
resilience concepts in use, many of them highly complex. This
has sometimes been considered a potential problem. Are we really
talking about the same thing? But at other times it has seemed to
be a feature that may actually be of benefit. Brand and Jax (2007)
have suggested that resilience may be a boundary object, and
that in essence the different concepts assist disciplines that would
otherwise be unable to communicate to connect and exchange
information. In this paper we focus on another aspect of the
concept, namely how it is defined.

We focus in particular on the difference between concepts that
are stipulatively defined and concepts that are ostensively defined.
A stipulative definition often aims to expose a conceptual joint
(Belnap, 1993). It can be found in many contexts. Paradigmatic
examples are mathematical or logical concepts. A notable feature
of stipulative definitions is that they are not open to revision; the
essence of the concept is given at the outset. Ostensively defined
concepts, on the other hand, serve to point to a phenomenon. The
meaning of the concepts depends on the nature of that which is
pointed out, and it is often unknown. Ostensive definitions are
subject to revision, and the aim is often to replace them eventually.
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In this paper we look at examples, drawn from psychology and
ecology, of the use of the concept of resilience. We note that the con-
texts appear at least, at times to be relevantly different. Ecologists
have often used to notion of resilience in a formal setting to describe
features of their models. Frequently, these mathematical models
are highly idealized. Here it appears that stipulative definitions
are often used. A telling sign is the interest that ecologists have
in general shown in fine-grained conceptual differences between
various senses of the concept of stability, where resilience occurs
as one such sense. In psychology, on the other hand, there is no
obvious parallel to this model methodology. Here the notion of
resilience rather appears to have been used in an ostensive fashion
to pick out underlying traits or mechanisms. Although conceptual
discussions in psychology, like ecology, have been quite prominent,
they differ somewhat here. Instead of focusing on conceptual sub-
tleties they appear to discuss where realizations of resilience are to
be found.

On basis of this analysis an interesting parallel can be drawn
with sustainability science. Into this emerging interdisciplinary
field the concept of resilience has entered by way of ecology. The
point is thus that sustainability science appears, in many respects,
to be a context which is quite similar to psychology. The aim is
practical. It is directed at increasing, or sometimes decreasing,
the resilience of particular systems, with the aim of making them
either less likely to collapse or more likely to do so. (Perhaps one
is interested in changing them in some way, and they prove to be
resilient in resisting that change.) Thus we stress that there is
a possible conflict between stipulatively and ostensively defined
notions of resilience, and in the ways in which these notions connect
disciplines. We observe that this has not been highlighted in the
literature.

HT came up with the idea and wrote the first draft. JP made
amendments to that draft. HT and JP worked on revisions after
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comments by reviewers. HT did roughly 75% of this work. HT
and JP finalized the paper.
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Paper VI

Title: History and Philosophy of Science as an Interdisciplinary Field of
Problem Transfers

Authors: Henrik Thorén

Publication Status: Forthcoming in “Empirical Philosophy of Science — In-
troducing Qualitative Methods Into the Philosophy of Science”, edited by
Susann Wagenknecht, Nancy Nersessian and Hanne Andersen, Studies
in Applied Philosophy, Epistemology and Rational Ethics, Springer.

This paper is an application of the problem-feeding model to the re-
lationship between history and philosophy of science. The extensive
discussions of the relationship between the history of science and
the philosophy of science in the mid-twentieth century represent
a long history of attempts to grapple with questions about the
relevance of empirical research on the practice of science to the
philosophical analysis of science. Those discussions also touched
upon the issue of importing empirical methods into the philosophy
of science through the creation of an interdisciplinary field, namely
the history and philosophy of science. In this paper I return to
Ronald Giere (1973), and specifically to his claim that history of
science as a discipline cannot contribute to philosophy of science
by providing partial or whole solutions to philosophical problems.
Does this imply that there can be no genuine interdisciplinarity
between the two disciplines? In answer to this question, it is
first suggested that connections between disciplines can be formed
around the transfer and sharing of problems (as well as solutions);
and that this is a viable alternative in the search for an explana-
tion of the relationship between history and philosophy of science.
Next, it is argued that this alternative is sufficient for establishing
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a genuine form of interdisciplinarity between the two disciplines.
The example of Lindley Darden’s Theory Change in Science (1991)
is used to show how philosophy of science can rely on history of
science in this way.
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1 Interdisciplinarity: A Traditional Perspective

One day you are in, and the next you are out. The term ‘interdisciplinarity’ passes in and
out of fashion. However, the phenomenon itself is associated with fundamental issues in
science and philosophy.

Philosophers of science who have studied interdisciplinarity, whether or not they deploy
the term itself, often focus on relationships obtaining between proximate disciplines or
fields. For instance, since the 1970s the life sciences have been a prime source of material,
and numerous case studies have been made showing how our knowledge can grow, and
how discoveries can be made, when fields such as biochemistry and cell biology interact.

However, interdisciplinary collaboration can involve less proximate disciplines as well.
This is one reason why we want to look more closely, from a philosophy of science
perspective, at a new kind of interdisciplinary case, namely sustainability science.

The other reason for focusing on sustainability science is this. It is not clear that
traditional accounts of interdisciplinarity capture a certain type of interdisciplinary col-
laboration that we believe is characteristic of sustainability research: the transfer of
problems (and sometimes solutions) from one discipline to the other. We call this type of
interdisciplinarity ‘problem-feeding’.

This article starts by presenting the traditional perspective and the difficulties it has
handling the interdisciplinary field of sustainability science. Then we introduce the notion
of problem-feeding and compare it with recent discussion of the philosophy of interdis-
ciplinarity. We discuss two varieties of problem-feeding: unilateral and bilateral. Which of
these is at issue depends on whether solutions to the problem are fed back to the discipline
in which the problem originated.

Since the early 1970s, and certainly since the publication of Jantsch’s (1970/1972), the
type and degree of conceptual or, broadly speaking, theoretical integration of the partic-
ipating disciplines has been the primary basis on which to sort types of interdisciplinary
encounter. This focus on conceptual or theoretical relationships defines what might be
called the traditional perspective on interdisciplinarity.

Figure 1 illustrates the traditional view. Jantsch characterizes multidisciplinarity in
terms of “no cooperation”, interdisciplinarity in terms of “coordination by higher-level
concept”, and transdisciplinarity in terms of “multilevel coordination of entire education/
innovation system”. At other places he writes about multidisciplinarity as a situation with a
variety of disciplines whose relationships have not been made explicit. The kinds of
relationship he and others belonging to the traditional perspective are talking about, then,
are conceptual or theoretical relationships.

Often multidisciplinarity is still understood as non-integrative, or additive, amounting
merely to the juxtaposition of knowledge claims from different sources; correspondingly,
interdisciplinarity is quite frequently thought to involve more ‘internal’ integration than
multidisciplinary approaches do (Klein, 1990, 56-58).

An additional feature of Jantsch’s approach is “the basic evolutionary ladder” (Jantsch
1970/1972, 15). Collaboration may start as multidisciplinary and end as transdisciplinary.
The three categories we referred to in Fig. 1 are steps for climbing up the basic evolu-
tionary ladder. Many advocates of the traditional perspective have a similar view. For
instance, Jantsch observes that another influential writer on interdisciplinarity, Piaget,
conceives of inter- and transdisciplinarity as the two highest steps “on a rigid ladder of
levels” (ibid., 18). What happens in the step Jantsch calls interdisciplinary is especially
important. With this step:
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Fig. 1 The traditional
perspective. Source Figure
adapted from Jantsch (Jantsch
1970/1972, 15)

Transdisciplinarity: multilevel coordination...

| | | i
Jr— [—
Interdisciplinarity: coordination by higher-
level concept

B = -

Multidisciplinarity: no cooperation

A common axiomatics for a group of related disciplines is defined at the next higher
hierarchical level, thereby introducing a sense of purpose. (Jantsch 1970/1972, 16)

Jantsch’s view that the interdisciplinary step necessarily introduces an effective sense of
purpose is somewhat less widely shared, and therefore it should not be included in the
traditional perspective. The sense of purpose allows us to answer the question
“interdisciplinarity to what end?” and influences the disciplines. In Jantsch’s view, with
the introduction of interdisciplinary relations the linked scientific disciplines change in
respect of their concepts, structures, and aims.

Transdisciplinarity is then taken to involve massive coordination on the basis of a
generalized axiomatics. Jantsch’s idea is that several (two-level) interdisciplinary systems
are linked, and that changes in overall system goals have an impact on concepts and
principles throughout all of the linked, interdisciplinary scientific disciplines. If we bracket
Jantsch’s insistence on change being effected from above, his conception of transdiscip-
linarity is part of the traditional perspective. For instance, in Apostel et al. (1972, 25f)
transdisciplinarity is defined as the ordering of disciplines under a common set of axioms.

Jantsch’s idea that interdisciplinary collaboration evolves from multidisciplinarity to
transdisciplinarity is clearly visible in contemporary thinking about interdisciplinary sci-
ence, and in particular in sustainability science. Consider, for example, the terms in which
a quite large Swedish research programme, Lund University Centre of Excellence for
Integration of Social and Natural Dimensions of Sustainability (LUCID), explains how
collaboration within the programme will develop over a period of 10 years (Fig. 2).

At its inception, in 2008, LUCID engaged researchers from seven disciplines and four
faculties. Although the researchers were officially working on joint research problems,
such as land-use change, the problems were approached from each individual’s
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Fig. 2 Interdisciplinarity over time. Source Figure adapted from Jerneck et al. (2011, 79)

disciplinary perspective. A few years have passed since 2008, and according to the plan the
current interdisciplinary phase will be “resulting in a co-evolution of theories for sus-
tainability science”; finally, in the transdisciplinary phase, “theories evolve and mature to
gradually incorporate more domains and transcend the boundary between science and
practice” (Jerneck et al. 2011, 79). The conceptual, or theoretical, integration in the
interdisciplinary phase is reminiscent of the picture painted by Jantsch. The assumption
that the programme could not move forward at a faster pace probably accords with
common sense. Integration by higher-level concepts and theories takes time. If such
integration is needed for ‘higher’ levels of interdisciplinarity, such as transdisciplinarity, to
develop, higher levels of interdisciplinary collaboration plausibly occur after less advanced
ones.

We deploy sustainability science as a test case against which accounts of interdisci-
plinarity can be evaluated. It clearly merits consideration in its own right. We also think it
can be used to assess perspectives such as Jantsch’s. Sustainability science raises inter-
disciplinary issues of a kind Jantsch would surely have wanted to be able to account for:
“In most general terms, the purpose of the university may be seen in the decisive role it
plays in enhancing society’s capability for continuous self-renewal” (Jantsch 1970/1972, 12).
Given this, the field of sustainability science cannot be said to be unrepresentative in the
traditional perspective.

2 The Need for an Alternative to the Traditional Perspective

Despite its somewhat unusual amplification of a sense of purpose as an essential com-
ponent of interdisciplinarity, Jantsch’s account might appeal to many philosophers of
science. Its focus on integration by concept or theory is well-known from the unity of
science movement, from Nagelian reductionism (Nagel 1961), and from other less
reductionist accounts. We discuss some of the modern varieties of this view in Sect. 7
below. In this section we highlight two problems with the traditional perspective.

(2a) Pretty clearly, the traditional perspective is threatened by Jantsch’s treatment of the
basic evolutionary ladder. It begins to look like a rather ineffective tool for characterizing
interdisciplinary collaborations of shorter duration. Sustainability projects aimed at prac-
tical problem-solving are frequently of this type. The traditional perspective becomes
incapable of discriminating between shorter projects, evaluating them all as

@ Springer



The Philosophy of Interdisciplinarity 341

multidisciplinary endeavours involving no cooperation, when surely these collaborations
might differ in ways that a philosophy of interdisciplinarity wants to be able to account for.

As a potential counterexample to Jantsch’s and our view (that traditional interdisci-
plinarity takes plenty of time to establish), it should be noted that there is at least one
popular account of transdisciplinarity in which Jantsch’s conceptual and theoretical inte-
gration is assumed to take place in the absence of previous stages of interdisciplinary
collaboration. Michael Gibbons and Helga Nowotny and their colleagues attracted con-
siderable attention by claiming that modern science often involves transdisciplinary
knowledge generation in “Mode 2” (Gibbons et al. 1994; Nowotny et al. 2001). The Mode
2 concept is designed to suit enquiries in which researchers from different disciplinary
perspectives come together to work on problems “a context of application.” The Mode 2
concept of transdisciplinarity deployed here is similar to Jantsch’s concept of transdis-
ciplinarity in many ways, but it does not contain his additional assumption that before
(Mode 2) transdisciplinarity the research team first spends time in less integrated forms of
interdisciplinary collaboration. Instead, a possibly unique theoretical framework is gen-
erated from scratch, partly as a result of negotiations in rather heterogeneous, local
research groups.

Does the Mode 2 account encourage confidence in the idea that the traditional per-
spective on interdisciplinary research can be successfully applied to projects of shorter
duration, and to more practically oriented projects as well? Not really. What it establishes
is merely that there is no contradiction involved in assuming that interdisciplinary research
can be integrated by a theoretical framework that has been designed and agreed upon in a
local interdisciplinary context. But examples of Mode 2 projects in sustainability science
that are both practically oriented and result in new theoretical frameworks are rare.

Whether or not one believes in the basic evolutionary ladder, this already suggests the
need for a complementary account of interdisciplinarity—one that does not build on
integration by concept or theory.

(2b) The case of sustainability science highlights an independent shortcoming, or
potential shortcoming at any rate, of the traditional account of interdisciplinarity. Some
sustainability scientists who are committed to the long-term project do not regard them-
selves as promoters of integration by concept or theory. For instance, responding to a
questionnaire, a senior research scientist from a European centre for sustainable devel-
opment research wrote to us:

We don’t use the label ‘sustainability science’, since we define ourselves primarily as
focusing on themes, but from different disciplinary backgrounds. We are very cau-
tious about defining our work and approach as being part of a new discipline, since
this closes off doors that need to remain open for inter- and transdisciplinarity.

On our interpretation, the response conveys two things of importance. The first is that the
background disciplines the research scientist is thinking of will not themselves be
theoretically integrated as a result of the thematic work. As some areas of sustainability
research illustrate, it is easy to locate contexts of interdisciplinary collaboration which are
unlikely ever to involve integration “by higher-level concept”—contexts, moreover, in
which time is not the issue. Certain disciplines are rather rigid, in the sense that they are
unlikely to change conceptually or theoretically (Jantsch 1970/1972, 19), especially as a
result of interdisciplinary collaboration. Many reasons for rigidity can be identified
(Persson and Sahlin 2013, Ch. 10). One possibility is that a powerful disciplinary matrix is
already in place (Kuhn 1969/1970) within one, or both, of the involved disciplines—
effectively blocking theoretical integration of the pair. And in some cases the conceptual
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distance might simply be too big for such integration to be possible (e.g. see Edlund et al.
1986, 24). Thus, one might wonder whether the integration of natural and social
dimensions of sustainability could ever mean that the natural and social sciences should be
conceptually or theoretically integrated. This is the factual problem. Conceptual or
theoretical integration of distant or rigid disciplines is unlikely.

In such cases are we then forced to conclude that we are at a stage of multidisciplinarity,
i.e. in a context with no cooperation? Various things might happen even if the existing
natural and social sciences do not change. For instance, new disciplines are sometimes
born. This is the second, and the main, worry expressed in the quotation. The National
Science Foundation has inherited the slogan Today’s interdisciplinarity, tomorrow’s dis-
ciplinarity. This is what the research scientist we have quoted wants to avoid. She sees a
normative problem with this alternative. Sustainability research should not lead to a new
discipline: a distinct theoretical and conceptual framework might weaken the interdisci-
plinary character of the field. But there is a factual problem with the idea as well. For if
sustainability science emerges as a new discipline, will it integrate concepts and theoretical
fragments from, say, political science and oceanography? Again, the conceptual distance
between the two background theories might simply be too great to allow such integration.

As our case study, sustainability science, shows, a complementary perspective is
required if we are to understand interdisciplinary collaboration in contexts where coordi-
nation by higher-level concepts does not take place. This paper aims to develop this
perspective.

3 Two Examples from Sustainability Science

Sustainability science is a fairly young field. It was consolidated as an international science
policy project in the preparations for the World Summit on Sustainable Development in
Johannesburg in 2002 (Jerneck et al. 2011, 70). We want to present two examples with a
bearing on sustainability issues—one contemporary, the other from a time well before the
birth of sustainability science.

(3a) In sustainability science problems are frequently defined by natural sciences and
then exported to social science. This is because sustainability challenges are often iden-
tified initially by the natural sciences and subsequently communicated to society as
potential (future) events or states of the world that will cause societal problems that we
have not met with before. In an influential paper in the Proceedings of the National
Academy of Sciences of the United States of America (PNAS) Timothy Lenton et al. (2008)
defined and identified a number of climatic tipping elements (and a few tipping points).

These tipping elements are components of the earth’s climate system which, once
pushed across a certain threshold, or tipping point, are likely to exhibit non-linear, dis-
ruptive change. The PNAS text lists 15 policy-relevant tipping elements, including Arctic
summer sea-ice, the Greenland ice sheet, Atlantic thermohaline circulation, and the Indian
summer monsoon.

The authors argue that these elements can be pushed by human interaction across a
tipping point resulting in Arctic sea-ice loss, the melting of the Greenland ice sheet,
Atlantic deep water formation, Indian monsoon chaotic multi-stability, and so on. Fur-
thermore, every element contributes significantly to human welfare as we know it today.

In many cases the identification of these tipping points clearly falls within the domain of
one or other of the natural science disciplines, or an aggregate of them. Lenton et al. (2008)
focus exclusively on tipping elements that trigger a qualitative change taking place within
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an “ethical time horizon” (revolving around the idea that events or states should not be too
distant in time to be politically significant). However, even with this commitment to
societal issues the task of identifying such events or states does not require real interdis-
ciplinary engagement. On the other hand, this is as far as natural science seems to get—
initially—in approaching the societal dimension. For instance, the task of addressing the
issues of mitigation or adaptation is first and foremost one for social science.

Other problems that Lenton and his colleagues consider are more specific and hinge on
the applicability of their own notion of a tipping element. For instance, they are interested
in the question whether tipping elements in the social-economic system can be identified.

(3b) Scientific investigation of the carbon cycle and its role in climate change has been
of interest for a long time now. Before the 1950s research concentrated on the question
whether changes in atmospheric CO, concentrations explained the occurrence of ice-ages.
However, since then sustainability issues have often been in focus. Nowadays, mapping
out the way carbon cycles through the earth system is a highly interdisciplinary affair
involving physics, chemistry, ecology, biology and economics. Towards the end of the
nineteenth century, however, the carbon cycle and the temperature effects of CO, were the
concern of physicists. We select one of the most important breakthroughs in this line of
research as our illustration.

CO, was known to have ‘greenhouse’ properties early on. Both Joseph Fourier, in the
1820s, and John Tyndall, in the 1860s, had been interested in the properties of the gas (see
Weart 2003, 2007), and as early as 1896 Arrhenius produced a quantitative model of the
impact of different atmospheric concentrations of CO, on the mean surface temperature of
the earth. His results suggested that doubling the concentration of CO, would result in
mean temperatures rising by approximately 5-6 °C.

If CO, concentrations had indeed varied to this extent, those variations would poten-
tially have explained why ice ages occur. However, it was not known whether such
variation was possible. Arrhenius’ model had not included the role of the oceans in CO,
dynamics. At the time this role was not well understood. It was known that plain water
dissolves CO,, so there was a suspicion that the variability of atmospheric CO, concen-
tration was comparatively low. It was thought possible that any increase would quickly be
neutralised, as the oceans would absorb the surplus. Arrhenius himself notes this possibility
in the 1896 paper in which his model is formulated. His suspicion was widely retained for
the next five decades.

In 1957 Craig (1957, 2) noted that the range of “[r]ecent estimates of the residence time
of a molecule of carbon dioxide in the atmosphere, before entering the sea, range from 16 h
(Dingle 1954) to the order of 1,000 years” (Plass 1956) (see also Weart 1997). In other
words, in 1957 it was not known if the oceans’ absorptive properties would cancel out
increases in CO, concentrations within a timeframe ensuring that CO, was not a cause of
climate change.

Against this background a central problem became that of understanding how CO,
cycles through the atmosphere and the oceans. Improved knowledge of the absorptive
properties of the oceans—especially—would shed light on the mechanisms governing the
variability of CO, concentrations in the atmosphere. An understanding of this would not
only be essential to the solution of the old problem of the occurrence of ice ages. It would
help to explain the potential dangers of emitting large quantities of fossil carbon into the
atmosphere.

The first, and perhaps most vital, step towards a solution to this problem was provided
by two researchers at the Scripps Institution of Oceanography in La Jolla, California. One
of them, the oceanographer Roger Revelle, was the head of the institute. The other, Hans
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Siiess, was a chemist and specialist in carbon dating. In 1957 they published a joint paper
in which they calculate the average time a CO, molecule spends in the atmosphere.
Towards the end of the paper they note that they have used a simplified model of the ocean.
They argue that this simplification is likely to affect their results as a consequence of two
interconnected mechanisms. One concerns the chemical properties of the oceans; the other
has to do with their mechanical properties. First, oceans act as so-called buffer solutions.
They will resist changes in pH such as those induced by the absorption of CO,. In the
surface water two equilibrium reactions realise this mechanism. One is between aqueous
carbon dioxide and carbonic acid (H,COs); the other is between carbonate ions (CO327)
and bicarbonate ions (HCO;™). As CO, is dissolved in oceanic water these equilibrium
reactions are affected. The result is that even if most of the CO, is initially dissolved, it will
be evaporated right back into the atmosphere. An increase in the CO, content of the
atmosphere of 10 % is balanced by as little as a 1 % in the total CO, content of the ocean
(Bolin and Eriksson 1959, 131). This brings us to the second mechanism. Revelle and
Stiess (1957) treat the ocean as “one well-mixed reservoir of CO,”. This assumption is
problematic, they note, as the oceans are layered. While oceanic water mixes quite quickly
in the horizontal dimension within layers, it mixes excruciatingly slowly between them.

Our current understanding is that the vertical mixing of layers is a process that takes
place over millennia. The implication is that oceans, in the short and medium term, do not
act to dissolve CO, in any important way. Hence the oceans do not balance CO, con-
centrations in the atmosphere over relevant timeframes, nor do they preclude CO, from
playing a role in climate change.

One way to interpret this piece of history is as follows. The task here was to provide an
account of how the oceans function with respect to CO,. To provide such an account two
mechanisms on different scales needed to be coupled. One of these mechanisms belonged
to the domain of oceanography, and the other belonged to chemistry. The role of the oceans
could not be modelled until knowledge from oceanography and chemistry had been
integrated.

Now, both cases we have presented involve the exporting of problems, but in the second
case that export is only part of the story. What is equally, or more, important in the CO,
example is the importing of solutions. This process of involving more and more disciplines
in the importing of solutions has continued. Notably, biological material provides a
gigantic reservoir of carbon offering opportunities for a range of life science disciplines to
contribute to our understanding of the CO, cycle.

4 Interdisciplinary Types, and Kinds of Interdisciplinary Relata

We began by presenting the traditional perspective. The interdisciplinary stories we have
just told about sustainability science would perhaps have been judged as narratives in
which there is no cooperation of the Jantschian sort. In the first case, (3a), real interdis-
ciplinary engagement is not even required. In the second case, (3b), there is clearly
cooperation, but it is cooperation without coordination by new higher-level concepts.
However, in the traditional perspective as we have presented it coordination by higher-
level concept is crucial, and therefore neither of our two sustainability examples qualifies
as a case of interdisciplinarity as that has traditionally been conceived. At the same time
both examples are clearly interdisciplinary in another sense, and a satisfactory account of
interdisciplinarity should recognize this.
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Before we introduce our own suggestion as to how to understand interdisciplinarity in
(3a) and (3b) we want briefly to take note of the fact that a conception of interdisciplinarity
more pluralistic than one focusing exclusively on coordination by concept or theory is
implicit in many traditional accounts. For instance, Apostel et al. (1972, 25) speak of
(advanced forms of) interdisciplinarity as activities involving the integration of concepts,
methodology, procedures, epistemology, terminology and data. So the traditional per-
spective recognizes additional kinds of interdisciplinary relata.

It is possible, of course, to be more relaxed than Jantsch about what type of constituent
is the more fundamental for climbing the basic evolutionary ladder. Facilitating Inter-
disciplinary Research characterizes interdisciplinary research in a much more relaxed way
as a mode of research that:

integrates information, data, techniques, tools, perspectives, concepts, and/or theories
from two or more disciplines or bodies of specialized knowledge to advance fun-
damental understanding or to solve problems whose solutions are beyond the scope
of a single discipline or area of research practice. (National Academy of Sciences
et al. 2005, 39)

An alternative approach to the traditional one would be to bring order to the often muddled
picture we have of interdisciplinarity by sorting interdisciplinary projects, or aims, by the
types of constituent that interact in encounters between researchers of the disciplines
involved (Thorén and Persson 2011). The types of constituent stated in Apostel et al.
(1972) and (National Academy of Sciences et al. 2005) could indeed provide the starting
point for such an endeavour. However, before we begin sorting interdisciplinary kinds by
the types of constituent suggested in lists such as those above, we might ponder whether
they are exhaustive, or whether any salient types of constituent are missing.

5 Transfer of Problems

Our conception of interdisciplinary research in this article is pluralistic, but it is not
identical with the conceptions we touched upon in the last section. For one thing, we
invoke a type of constituent not mentioned in the passage excerpted above. We also make
use of a relation other than integration. We do not challenge the idea that the traditional
perspective is sometimes applicable. We simply deny that it always is.

Let us look back at the two examples involving sustainability issues—the tipping-points
and the CO, cycle. What we claim to be one important feature these two cases have in
common is that problems in them are moved from one discipline to another. Lenton et al.
(2008) can be taken as typical of a development within sustainability science that has been
going on for a decade or more. Many of the initial results concerning the impacts of climate
change have been delivered by various natural science disciplines. New problems have
been created by these results, many of which do not appear to be natural science problems
at all. Some, of course, are quite simply practical problems for the political and social
institutions involved, but many are scientific problems. The impacts of climate change can
only partly be understood from the perspective of climate science. Sea-level rise, or drastic
changes in the weather patterns, will alter the conditions under which our social structures
have been formed. This will obviously affect those structures, but how? What will happen
to people living in areas that slowly become less habitable? Arrhenius was interested in the
impact of climate change on human societies. He thought a warmer climate would result in
better agriculture and a more pleasant and easier life, especially for poor northerners.
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Lenton and colleagues wonder about how to prevent us from passing the tipping points.
But these questions and problems are transferred to sciences better capable of researching
them. The problem-feeding character of interdisciplinarity might be especially clear in
sustainability science, with its focus on how new social problems emerge as a result of
changes in the natural world. The examples from Lenton and his colleagues are of this

type.

5.1 Unilateral Problem-Feeding

Problem-feeding in sustainability science is sometimes unilateral. It is problem-feeding, as
it were, without solution-feeding. In general, one field (or discipline) may rely on another
as a source of problems; these problems may or may not be problems for the discipline in
which the problem originally emerged. To shift to an almost trivial example, consider the
relationship between philosophy of science and science. Clearly the philosophy of, say,
physics, relies on physics (the discipline) for some of its problems. What happens in
physics is part of the subject matter of philosophy of physics. However, the problems may
not be problems for physicists, and their resolution may have negligible impact on the way
physicists conduct their research. We do not mean to take any particular stance on this
question. We simply highlight the fact that if one discipline relies on another for its
problems—in full, or in part—this does not necessarily mean that the discipline from
which problems are generated is affected by this transfer.

A similar point has been made by Grantham (2004, 143), who argues in favour of the
importance of heuristic dependence, i.e. the notion that “theories and/or methods of a field
can guide the generation of new hypotheses in a neighbouring field”. Grantham does not
highlight the potentially asymmetric nature of the connection. He is interested in another
issue, namely that unification between disciplinary fields increases with the number of
ways in which two fields are connected. He argues that heuristic dependence is one way in
which unification increases. On his conception, then, unilateral problem-feeding should
also increase unification, and thus potentially establish interdisciplinarity.

We think that the potentially unilateral character of problem-feeding is of special
importance in sustainability science. Here we can reconsider Lenton and the tipping-points.
Identifying tipping-points falls within the boundaries of Lenton’s competence and aca-
demic interest. But identifying effective measures of adaptation or mitigation does not. In
that sense, Lenton’s work can be conceived as a case of problem-feeding without solution-
feeding. The example shows that unilateral problem-feeding can be established on the basis
merely of rather weak relationships already in place between the disciplines or fields.

5.2 Bilateral Problem-Feeding

The CO, example contains more bilateral problem-feeding as well: problem-feeding with
solution-feeding. In the case of CO, it was known in Arrhenius’ time that the absorptive
properties of the oceans were crucial to an understanding the CO, cycle. The problem was
that of providing a detailed account of these properties. Revelle and Siiess advanced
matters here by suggesting two mechanisms through which the oceans process CO,. It is
interesting to note that the knowledge itself—especially that pertaining to the chemical
properties of the ocean—was not new. Weart (2007, 7; see also his 2003) points out that
the relevant reactions had been understood since the 1930s. Revelle himself was in an ideal
position to tackle this issue, since he had considerable knowledge of, and experience of
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research into, oceanic chemistry and the processes by which oceanic water mixes (Weart
2007, 3f; see also his 2003).

Very often, bilateral problem-feeding is about a cognitive division of labour. One
discipline or field takes on the issues of another, so that, ideally, the resolution of those
issues can be transmitted back. Darden and Maull’s (1977) idea of an ‘interfield theory’ is
relevant here. An interfield theory relates one discipline or field to another by postulating,
or establishing, an ontological connection between the domains of the respective disci-
plines or fields. Darden and Maull give four examples of ways in which disciplines or fields
can be connected: one discipline may provide the physical location, the physical nature, or
the structure of an entity (or process) postulated in another; or disciplines may be causally
linked (see Darden and Maull 1977, 49). These four kinds of connection are not mutually
exclusive.'

Interfield theories order fields ontologically, allowing for them to map onto each other.
For instance, cytology and transmission genetics are interconnected through the chromo-
some theory of Mendelian heredity. In genetics the gene was a postulated entity corre-
sponding to some phenotype that was inherited between generations (all-or-nothing).
Cytologists provided the physical location of the gene on the chromosomes and were thus
able to resolve certain issues within genetics. Thus the statistical deviation that had been
noticed could be explained by the fact that proximal genes were more likely to be inherited
together. Assortment is not perfectly random.

It is possible to recast Darden and Maull’s case as one of bilateral problem-feeding.
Transmission geneticists were in no position to investigate the physical location of the
gene, as such a task lay entirely outside the scope of the methods available to them. But
does this imply that the phenomenon of bilateral problem-feeding is already accounted for
in the literature? No, and below we argue that it is not.

Are interfield theories necessary or sufficient, or both, for bilateral problem-feeding to
ensue? Let us start with sufficiency. Suppose discipline A encounters problem P, where-
upon P is fed to discipline B, solved through solution S, and S is then fed back into A. For
this to happen it seems to us that S needs to be admissible in A. Two ways in which this
could be achieved come to mind. S might be, as it were, inherently admissible in A. For
instance, the process by which S was produced in B could be considered to be reliable, or
adequate, by standards generally applied in A. Alternatively, the relevant researchers in
A trust the ones in B regardless of what the process in B looks like. In neither case does the
presence of an interfield theory by itself suffice. In the first, the disciplinary fields are
proximate in the sense that they share epistemic standards and values beyond the interfield
theory that allow them to evaluate each other’s methods, tools and procedures. In the
second, the interfield theory needs to be supplemented by some kind of agreement
involving mutual trust. The boundaries may be ever so clear, but if the members of
discipline A simply do not trust members of discipline B to produce reliable results it will

! In the present paper the focus is on interdisciplinarity and hence disciplines are centre stage. Darden and
Maull discuss fields. A field on, their conception is constituted by “a central problem, a domain consisting of
items taken to be facts related to that problem, general explanatory factors and goals providing expectations
as to how the problem is to be solved, techniques and methods, and, sometimes, but not always, concepts,
laws and theories which are related to the problem and which attempt to realize the explanatory goals. A
special vocabulary is often associated with the characteristic elements of a field” (Darden and Maull 1977,
44). Following Darden and Maull’s own approach we will not make any particular distinction between fields
and disciplines; we will generally take them to be coextensive; at the very least we will assume that a
disciplinary boundary is also a field boundary (though perhaps not vice versa). Clearly, some would disagree
with this: Grantham (2004) and Bechtel (1986) for instance.

@ Springer



348 H. Thorén, J. Persson

not help. Sustainability science is plausibly a case in point. Although various interfield
theories linking social and economic phenomena to various natural phenomena (climate,
ecology, etc.) are at least partly in place, mutual distrust between the disciplines sometimes
hampers collaborations. The presence of an interfield theory is generally not sufficient for
bilateral problem-feeding to take place.

Is an interfield theory necessary for problem-feeding to take place? When it comes to
necessity the situation is somewhat different. This is largely because it is more difficult to
pinpoint Darden and Maull’s exact position on this matter. In order for discipline B to be
relevant to discipline A, and vice versa, some relation needs to be present. This is quite
simply what it means to be relevant. But interfield theories are not just some relation. In
fact, they are not even just some ontological relation. Interfield theories link the domains of
disciplines in highly specific ways. We can see two ways in which interdisciplinary linking
can happen that do not seem to fit the interfield theory model. First, disciplines can be
linked and exchange problems in ways other than by linking their respective domains. For
example, a discipline may encounter a theoretical or conceptual problem that is best
thought of as one concerning its methods, theories, concepts, and so on. Suppose this
problem is within the domain of that discipline, and suppose further that its solution
benefits the discipline of origin. Then we shall be linking the domain of one discipline with
some other aspect of another discipline. That does not seem to qualify as an interfield
theory, but clearly it could be a case of bilateral problem-feeding.

Second, disciplines can be linked more loosely—i.e. in a manner less explicit or specific
than happens in the case of interfield theories. Mitchell’s (2002, 2003, 2009) integrative
pluralism comes to mind. Mitchell discusses composite explanations of complex phe-
nomena, mainly within the life sciences. It is not unusual for explanations that seem to be
competing (because they are mistakenly conceived of as full explanations of an explan-
andum) to in fact be compatible and complementary (since they add different components
of the total cause). This might happen if they are integrated only at a certain level—the
level of concrete particulars. At their most general level, the theories cannot be integrated
to provide an account of the phenomenon in question because it is a phenomenon that has
many different causes and the causal profile of specific instances may vary a lot. Here the
ontological connection between the two disciplines is merely that the same phenomenon is
discussed, and that (different) causes of its occurrence are investigated. This is not the kind
of situation Darden and Maull have in mind, and it fails to qualify as an interfield theory.
However, the upshot of the encounter can be successful bilateral problem-feeding. It is
easy to conceive of situations in which partial explanations are contributed from various
sources as cases of problem-feeding. It seems, especially given the first point above, that
interfield theories are neither necessary nor sufficient for problem-feeding to obtain.
However, this does not prevent them from being crucially important where they do occur.

6 Barriers to Problem-Feeding, and Concept Coordination

At this point it should be added that the transference of problems between disciplines has
its obstacles.

First, there might be language barriers. The discipline of origin may formulate a
problem in such a way that it cannot be understood by those in the target discipline. This
might be especially visible in attempted, but failed, bilateral problem-feeding. For instance,
lawyers have to decide in matters where scientific expertise is prima facie relevant. It is not
uncommon for scientific experts to be consulted when, for instance, environmental risk
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management issues are being scrutinized—or when the causes of, and responsibility for, a
human injury are being assessed. However, attempts at bilateral problem-feeding from law
to science are not always successful in facilitating the lawyer’s decision. Wahlberg (2010)
reports the following expert’s experience:

All right, you ask us physicians, ‘What do you think?’, and we write that in this
particular case there are pathological changes; the changes are of such a kind that we
do not regard the injury as a consequence of an accident. But the courts have during
recent years always ruled in favour of the patient. I don’t mind that. But then why ask
us?

One reason successful bilateral problem-feeding from law to science is so difficult,
Wabhlberg claims, is that understandings of causation in the two fields differ. The causal
concepts—or rather the ontologies corresponding to ‘causey,y,” and ‘causeyjence —are only
superficially the same. For this reason it would arguably be inaccurate to say that in this
example just one obstacle, a language barrier, is the problem.” But the deployment of the
term ‘cause’ in both fields is liable to give rise to misconceptions about the opportunities
for bilateral problem-feeding. A transfer or coordination of causal concepts, or of the way
in which we deploy causal terms, would facilitate this bilateral form of problem-feeding
substantially.

Similarly Maull (1977) once emphasised that there needs to be some sharing of ter-
minology if ‘problem shifts’ between disciplines, or disciplinary branches, are to take
place. Problem shifts exemplify a special kind of bilateral problem-feeding. We have
already touched on the example Maull deploys as an illustration: through a series of
scientific developments, beginning around 1910, the problem of understanding the physical
basis of heritable alterations shifted from genetics to biochemistry, where it was famously
solved in the 1950s. Maull (1977) claims that this problem shift was associated with a
transformation of the vocabulary in which the problem was formulated ensuring that this
vocabulary was ‘shared’ by the two disciplines:

Such a ‘shared’ vocabulary, it turns out, can be used to identify a very special sort of
problem, a problem that, although it arises within one branch of inquiry, can only be
solved with the aid of another science. (Maull 1977, 144)

Sometimes, Maull claims, vocabulary is transformed in order to make problem shifts
possible. ‘Mutation’ was first a proper term in genetics; it then referred to heritable
alteration of the genotype; but later it came to stand for heritable alteration in the base
sequence of DNA. This last change gave biochemists access to the expression. At the same
time problems raised by mutation became difficult to solve within genetics. Though
problems concerning the physical nature of the determinants of heredity arose within
genetics, genetics could not solve them. One reason was methodological. Genetics deploys
statistical methods and crossbreeding in order to establish regularities in heritable
characteristics. However, with the transformation of the term ‘mutation’, the problem
could shift across to biochemistry—where a solution was forthcoming. At other times,
vocabulary is simply imported. However, regardless of whether vocabulary is shared
because of a process of transformation (as in the mutation example) or because it has been
imported, the lack of shared vocabulary is often an obstacle to the transfer of problems.

2 Thus there are ontological barriers, too. At the end of Sect. 8 we refer to a methodological barrier as well.
Both these types of barrier can be even more important than terminological barriers.
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At least, this holds for explicit problem-feeding. Beyond this there are more implicit—
perhaps even tacit—varieties of problem-feeding as well. Although these may not offer
such fertile ground for philosophical discussion, they are perhaps more important than the
explicit kinds of problem-feeding from a scientific perspective. Hacking (1996, 70) quotes
a charming metaphor of James Clerk Maxwell’s which speaks of the “cross-fertilization of
the sciences”. According to Maxwell, researchers are like honeybees, never thinking about
the importance of “the dust which they are carrying from flower to flower”. Some prob-
lems are perhaps never formulated in the discipline of origin, but they are nevertheless
tacitly transferred to a target discipline.

Second, problems of the sort with which we are concerned can be more or less well
understood (Nickles 1981; Laudan 1977). This can arise in different ways, but one issue is
that scientists working in the discipline of origin sometimes have only a crude under-
standing of what is really constitutive of the problem they are successfully transferring (or
unsuccessfully trying to transfer) to another discipline. A problem is encountered in dis-
cipline A and identified as ‘belonging’ to some other discipline, B. This is the reason for
attempting problem-feeding. However, those working in discipline A may have unrealistic,
or plainly mistaken, ideas about the solutions that can be expected in B. In sustainability
science problems are frequently identified by natural scientists as belonging to a particular
social science. The findings of Lenton and colleagues generate many potentially relevant
problems that can be (unilaterally) transferred to the social sciences. Some of these are
easier to understand from the point of view of Lenton et al. than others. Thus one might
conjecture that the following two problems are rather easy to understand: What policies
should be implemented to prevent us from reaching a tipping point? What are the obstacles
to implementation of such policies? However, towards the end of their paper Lenton et al.
call for the identification of tipping elements within the socioeconomic system. This is a
much more complicated request. The attempted problem-feeding assumes that the
‘socioeconomic system’ can be described within the formal apparatus that produces tipping
elements. It is in order to ask whether they really understand the problem that they try to
transfer it.

7 Problem-Feeding, Methodological Complementarity, and Practical Unification

The idea of problem-feeding can usefully be connected with what Grantham (2004) calls
practical unification. By contrast, many philosophical accounts of integration and unifi-
cation within the sciences are founded on the idea of theoretical unification (or, as we saw
in the beginning, on the idea of coordination by a higher-level concept). Even though
Darden and Maull (1977) define a disciplinary field as something that only sometimes
includes theories, but always includes a number of other entities—central problems, tools,
methods, etc.—the actual unification they describe flows from theories about the ontologies
of the disciplinary fields in question. This is why there is reason to think of their account as
a modern variety of the traditional perspective on interdisciplinarity outlined in the
beginning of this paper. As Grantham points out, Kincaid (1990) also emphasises theo-
retical interconnections in his account of unification. Kincaid’s account is based on the idea
that various theories can relate to each other in a number of ways, and on the corresponding
idea that unification is—as it cannot be in the reductionist conception—a matter of degree.
The greater the number of relations present, the more unified are the theories in question.
Unity peaks when two theories are incorporated in an integrated interlevel theory—that is,
a theory that unifies
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...two disparate theories by employing explanations, confirmational procedures, etc.
invoking both levels, and by providing evidence that the events and entities of one
theory depend upon and are constituted from those of the other. (Kincaid 1990, 590)

Let us follow Grantham in referring to the interdisciplinary consequences of these sorts of
relation as theoretical unification, and let us distinguish this type of unification from
practical unification. Grantham sorts methodological interactions under the latter heading,
and argues that they play a more substantial role than is acknowledged in some of the
alleged examples of theoretical unification deployed by Kincaid (1990). Similarly, if we
return to Darden and Maull it seems true in their example, too, that practical unification is
of some importance. It was in virtue of the methods and tools at their disposal that
cytologists were able to conduct inquiries that were quite beyond the scope of any
statistical analysis of data on the occurrence of phenotypes across generations. The
interconnection between disciplines via methods appears to be important in both these
cases, and methodological complementarity is—partly, at least—what is motivating the
interdisciplinary encounters in them. Grantham argues that theoretical and practical
unification are to some extent independent. There can be considerable theoretical
unification without coordination of research practices, and there can be considerable
practical unification with only a low degree of theoretical unification (Grantham 2004, 15).

Moreover, methodological complementarity (rather than theoretical integration) seems
to be a necessary condition of bilateral problem-feeding—which suggests that problem-
feeding entails practical unification.

The association of problem-feeding with practical rather than theoretical unification fits
well with the picture we have been promoting in this paper. First, the theoretical inter-
connections that must be in place in order for problem-feeding to ensue can be compar-
atively weak. Some connection needs to be in place, but nothing as substantive as, say, an
interfield theory needs to exist. Second, and trivially, partial independence implies that
theoretical unification will not necessarily emerge with the advent of problem-feeding.
There may be interdisciplinarity as problem-feeding without traditional interdisciplinarity.

In connection with sustainability science such results may be informative for the kind of
unity that is required. Many sustainability scientists have identified integration and unifi-
cation as a core problem of sustainability science. How can we integrate the models of
social and natural sciences to form one, presumably cohesive, set? Maybe this ambition
overshoots the target. Given the practical nature of sustainability issues—after all the
research project bottoms out in tackling, or rather helping to tackle, problems the solutions
to which will always be judged by actual outcomes—it is perhaps perfectly in order to see
problem-solving, as opposed to other epistemic ideals, as the overriding aim. In this
approach theoretical and conceptual unification should primarily be sought only to the
extent that it is instrumental in solving these problems.

8 Problem-Feeding as a Driver of Concept and Method Coordination

We have already touched on Grantham’s view that unification increases with a rise in the
number (or variety) of ways in which two fields are connected. He also claims that
unification is enhanced by an increase in the significance of the connections that are
already in place. A connection becomes more significant if it begins to transform the
neighbouring field. That is, if the introduction of a novel concept, generalization,
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technique, or heuristic leads to considerable change in the absorbing field, then the change
is regarded as significant and unification is advanced (Grantham 2004, 144).

We have just claimed that there may be interdisciplinarity as problem-feeding without
traditional interdisciplinarity. But an argument in favour of the idea that problem-feeding is
especially important for interdisciplinarity should also provide reasons for thinking that
problem-feeding is significant in the sense that it might begin to transform the neigh-
bouring field.

We have claimed that sustainability science is an interdisciplinary field, and that the
disciplines involved in the exchange of problems are located either side of the natural/
social science divide. Sustainability science differs in many respects from the cases that
have caught the attention of the majority of philosophers of interdisciplinarity. Most
philosophical treatments concentrate on disciplinary fields that are in many respects
proximate. They share much at the outset, and this makes the sharing and shifting of
problems a lot smoother. Within sustainability science this is decidedly not the case—at
least, when it comes to integrating the natural and social dimensions of sustainability.
However, and this is our next point, this does not undermine the recognition that problems
need to be transferred.

Our suspicion is that the need to solve problems by first feeding them to another field is
sometimes itself the fundamental reason why other kinds of bridge between distinct dis-
ciplinary fields are created. We have already seen how this may generate changes in, or
transfers of, vocabulary in the example given by Maull (1977). She shows how the need to
problem-feed might result in shared vocabulary. Problem-feeding sometimes stimulates
concept coordination. A degree of conceptual transfer from A to B, or coordination
between them, normally results in the possibility that problems in B can be fed into and
(sometimes) solved in A. When this happens it would be misconceived to consider prob-
lem-feeding as the outcome of other forms of integration. Quite the contrary, it is the
starting point. It begins to transform the neighbouring field.

We would like to conclude this sketch of the ways in which problem-feeding can drive
other kinds of transfer or coordination by saying a few words about method transfer and
method coordination. Method transfer can occur in several ways. Methods can be migrated
domain-only-wise where a method already known within one discipline is deployed to
extract information from a domain to which it has not previously been applied. From
within the ranks of ecology there has been a degree of optimism about the power of the
methods used there. This transfer does not have to result in actual interdisciplinarity, since
the other field operating in the domain need not be influenced by it. However, disciplinary
method transfer can result in the migrating method out-competing the methods that were
previously in play. Two observations by Ronald Coase (see also Méki 2009) are interesting
in this context:

[I]n the long run it is the subject matter, the kind of question which the practitioners
are trying to answer, which tends to be the dominant factor producing the cohesive
force that makes a group of scholars a recognizable profession... However, in the
short run, the ability of a particular group in handling certain techniques of analysis,
or an approach, may give them such advantages that they are able to move suc-
cessfully into another field or even to dominate it. (Coase 1978, 204)

More often, perhaps, method transfer generates situations in which methods are somehow
used in concert. The transfer results in methodological pluralism. ‘Mixed methods’
research is one possible result. But the label ‘methodological pluralism’ collects several
distinct varieties of the type. Some problem-feeding events are such that several distinct
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methods are used more or less in sequence to solve various linked problems. At least one
non-sequential variety is similar: certain phenomena have multiple causes whose
investigation is carried out using different methods. A third kind of methodological
pluralism that might result from method transfer is illustrated by the use of multiple
methods to obtain results that are robust. In this case methodological pluralism involves the
use of a set of disparate methods to achieve an epistemic end: for example, solving a
particular problem complex (or chain), or checking results for robustness.

Disciplinary method transfer or coordination consorts well with our account of inter-
disciplinarity, especially since cases of such transfer or coordination do not always con-
stitute interdisciplinarity (unlike cases of transfer or coordination motivated by problem-
feeding concerns, which do). Simply sharing a certain method is not always sufficient for
interdisciplinarity, even if the method has migrated from the one field to another. For
instance, statistical analysis is widespread in both the natural and the social sciences.
However, this does not seem to warrant talk of interdisciplinarity. Why is this? Is it
because the migrating method is insufficiently anchored in the field from which it is being
transferred? This would be alarming news to those involved in the many unificationist
programmes being prosecuted today. Philosophers trying to facilitate the unification of
A and B would risk finding that the very fact that unification was provided by methods (or
concepts, or problems, or some such) suggested by a third party prevents interdisciplinarity
between A and B. The risk should not be exaggerated, of course; further developments
between A and B would stand a better chance of being truly interdisciplinary.

In our opinion the most interesting interdisciplinary cases of method transfer typically
centre on problem-solving processes. In an early contribution to the modern literature on
interdisciplinarity, Sherif and Sherif (1969) discuss a case that helps to bring this out:

Yet when Dr William Schottstaedt and his colleagues studied the detailed bio-
chemical and physiological records of patients in a metabolic ward, they found that
variations in these strictly physiological measures of metabolism were significantly
related to the vicissitudes of interpersonal relationships among patients, with nurses
and doctors, and with visitors. (Sherif and Sherif 1969, 6)

A little further on, the authors continue:

If we would start to inquire further why these particular patients were hospitalized
for metabolic disorders, and not others, we would find ourselves immediately in
problems requiring demographic study of different populations and in problems
requiring institutional analysis of admittance procedures and financing; and these
might very well lead us to problems of the political and economic systems in which
the institutions functions (ibid.).

In pursuing the problems that arise from this observation Dr Schottstaedt and his
colleagues would have ventured beyond their immediate expertise. This could happen in at
least two ways. One is simply to import the methods and approaches necessary to address
the questions one might have. As Sherif and Sherif seem to imply, however, this might be
quite untenable in the long run. Prima facie it would be more rational to engage in
problem-feeding and export the problem to a discipline where the methods and tools are
readily available. Problem-feeding does not always result in method transfer. Sometimes
we can either export the problem or import the know-how (the method, in this case). Doing
one of the two is enough. What problem-feeding does require, minimally, is that some
methodological coordination takes place. (To the extent that this has not been settled a
problematic methodological barrier is in place.)
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9 Conclusion: The Basic Evolutionary Ladder Revisited

We have argued that problem-feeding is a salient type of interdisciplinary collaboration in
sustainability science. We have also argued that it cannot be accounted for by the tradi-
tional perspective, since it does not necessarily involve coordination by higher level
concept. We have placed problem-feeding in context of recent discussion, particularly the
work of authors like Grantham, Kincaid, Mitchell, Darden, and Maull.

The interdisciplinarity resulting from problem-feeding between researchers can be local
and temporary and does not require collaboration between proximate disciplines. By
contrast, to make good sense of traditional integrative interdisciplinarity we must arguably
associate it with a longer-term, global form of close, interdisciplinary collaboration.

Furthermore, whether or not one believes in the interdisciplinary evolutionary ladder
(Jantsch 1970/1972, 15) it seems to us that a basic step can consist of problem-feeding.
This can occur where interdisciplinarity starts to evolve. The step is not a prerequisite of
reaching further steps of the traditional ladder, such as coordination by ‘“higher-order
concept” or method. Such coordination may be secured by an alternative route, for dif-
ferent reasons. In this sense we are pluralists. But it is clear that a preference for bilateral
problem-feeding—especially—may trigger the coordination of concepts and methods.
Problem-feeding already introduces the sense of purpose the traditional perspective locates
at more advanced steps of the interdisciplinary ladder. Jantsch, for one, thought that a sense
of purpose was introduced when a common axiomatics for a group of related disciplines
was defined at the next higher hierarchical level (Jantsch 1970/1972, 16).

It appears to us that the very fact that the sense of purpose is introduced so early on in
interdisciplinarity as problem-feeding yields more opportunities for local interdisciplinarity,
i.e. interdisciplinary encounters motivated by a local problem. Perhaps several cases that
have been thought of as Mode 2 (Gibbons et al. 1994) can be reformulated as cases of this
type. However, we are not suggesting the two conceptions are inter-translatable. Indeed
there is an important difference between them. Gibbons et al. (1994, 29) talk about Mode 2
as something requiring a “homogenised theory or model pool”. But problem-feeding does
not presuppose a homogenised theory or model pool, and we have argued in the paper that
unilateral problem-feeding does not require anything like that either. Successful bilateral
problem-feeding requires more coordination, but there is still a significant difference.
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Resilience as a Unifying Concept

Henrik Thorén

In sustainability research and elsewhere, the notion of resilience is attracting growing
interest and causing heated debate. Those focusing on resilience often emphasize its
potential to bridge, integrate, and unify disciplines. This article attempts to evaluate
these claims. Resilience is investigated as it appears in several fields, including materials
science, psychology, ecology, and sustainability science. It is argued that two different
concepts of resilience are in play: one local, the other global. The former refers to the
ability to return to some reference state after a disturbance, the latter the maintenance
of some property during a disturbance. An implication of this analysis is that the
various uses of the resilience concept are more closely related than has been previously
been suggested. Furthermore, it is argued that there is a preference towards using
highly abstract versions of the concept. This explains the apparent context insensitivity
of the concept, but presents a problem for those hoping to establish a research programme
based on it.

1. Introduction

The notion of resilience is being used increasingly in a number of scientific and non-
scientific contexts: archaeology, national defence, ecology, psychology, and sustainabil-
ity science, to mention just a few (see Rutter 1993; Almedom and Glandon 2007;
Bonanno et al. 2007; Walker and Cooper 2011; Parker and Hackett 2012; Weiberg
2012). The precise meaning being attached to this notion, as well as its usefulness
have, however, been fiercely disputed (Davidson 2010; Hornborg 2013). In the litera-
ture, and especially in work on sustainability, resilience often appears in contexts
where discipline bridging and integration are central themes. It is an essential part
of the framework proposed by, for example, Lance H. Gunderson, Crawford
S. Holling, and others in the influential collection, Panarchy (Gunderson and
Holling 2002). The authors seek to develop a general theory of change and express
concerns that ‘approaches’ in which resilience has no role are partial in the sense
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that they ‘are too simple and lack an integrative framework that bridges disciplines and
scales’ (Holling, Gunderson, and Ludwig 2002, 8). They go on to claim that one way to
put in place ‘robust foundations for sustainable decision-making’ is through the
‘search for integrative theories that combine disciplinary strengths while filling disci-
plinary gaps’ (Holling, Gunderson, and Ludwig 2002, 8). Others are more explicit.
Charles Perrings, for instance, notes that the concept has broad appeal for both
natural and social sciences:

While the notion of system resilience has its roots in ecology, it is concerned with
something that is common to any stochastic evolutionary system—the effect of
the stability domain structure on the system’s dynamics. These matters are currently
attracting attention in a variety of different fields within economics, and in a variety
of different disciplines. (Perrings 1998, 511)

More recently, in another influential volume, Gunderson and Lowell Pritchard treat
resilience as a ‘unifying concept in both ecological and social systems’ (Gunderson
and Pritchard 2002, xxi). For sustainability scientists the concept has particular
appeal because it promises to connect social and natural science disciplines—an inte-
grative achievement that some see as a prerequisite to the solution of the problems of
sustainability (Kates et al. 2001; Kates 2011).

In this article, the focus is on two interrelated questions. One concerns how the
concept of resilience can be used to connect disciplines, and the other concerns
what might come of this. Ultimately, the interest here is in whether, for instance,
the concept of resilience provides a sound basis for interdisciplinary research. In
approaching this issue, however, a cross-disciplinary analysis of various resilience con-
cepts is provided.

The article is structured as follows. Section 2 provides an overview of a range of defi-
nitions of resilience together with some background to the concept. In section 3, two
conceptual cores that most forms of resilience revolve around are presented: local and
global resilience. It is then argued that it is primarily just one of these, global resilience,
that is associated with claims of integration and discipline bridging. Section 4 contains
arguments for the view that the apparently wide applicability of resilience can only
partly be explained by treating it either as a metaphor or a boundary object (two sug-
gestions that have been made in the literature). An overlooked and important feature
of the concept of resilience is instead that it is highly abstract. Context insensitivity of
the sort accomplished through abstraction comes at a price, since the unification that
ensues is often relatively weak.

Finally, section 5 contains a discussion of unification in which the abstract character
of resilience is very much in the foreground. It is argued that resilience, in either of the
senses presented, is multiply realizable, and that this feature has consequences for how
resilience should be studied empirically.

2. The Many Concepts of Resilience

According to the Web of Science, the number of published works with the term ‘resi-
lience’ in their titles has been growing steadily since the early 1980s. In 1993, 60 papers
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were published; in 2013, close to 800. In part this increase reflects uptake of the
concept in various fields and disciplines, including the environmental sciences and
ecology, sociology, anthropology, history, polymer science, urology, urban studies,
materials science, and so on. The 10 publications with ‘resilience’ in their titles that
appeared three decades ago, in 1983, were strongly focused on either ecology and
biology or materials science, with one exception (Morrison 1983). More recently the
term has found its way into the reports and working papers of highly influential insti-
tutions such as the World Bank (see e.g. World Bank 2012) and the IPCC (see e.g.
IPCC 2007, 4.6.1; IPCC 2013).

Looking further back, ‘resilience’ figures in the titles of scientific publications as
early as the second decade of the twentieth century. Materials science, especially
textile research, is prominent there." The general idea is that resilience is the ability
of something to return to some reference state (a particular shape, for instance)
after a disturbance of some sort. It might, for example, be the ability of a yarn to
return to its previous length after being stretched with a weight (Hoffman 1948,
141-142).

From the 1970s until quite recently two fields adopting resilience stand out: psy-
chology and ecology. In both disciplines during this period the concept of resilience
was the subject of protracted discussion. In psychology, and particularly child and
adolescent psychology, resilience came to replace the problematic concept of invulner-
ability.2 Actually psychologists have used the term in several senses, including the fol-
lowing three:

(1) Meeting developmental goals in spite of adversity.3
(2) Sustained competence under stress.
(3) The ability to recover following trauma.’

The general aim has often—although not always—been to find so-called protective
factors, or protective mechanisms, which account for the resilience of individuals (see
Rutter 1987).

The language of ‘resilience’ in ecology should be understood in the context of the
debate over the stability-diversity thesis, i.e. the idea that diversity and stability are
positively covariant. This thesis was famously defended by influential ecologists
such as Robert MacArthur (1955) and Charles Elton (1958), and it was received
opinion in ecology throughout the 1950s and 1960s.° Within the terminological fra-
mework that then emerged ‘resilience’ is a common term. It appears alongside terms
like ‘resistance’, ‘persistence’, ‘constancy), ‘hysteresis’ and ‘elasticity’. Volker Grimm and
Christian Wissel (1997) list 70 different stability related terms and a staggering 163
definitions. The semantic diversity here is considerable. One can nevertheless
discern two concepts of resilience of special significance. First, in a very common
interpretation the term ‘resilience’ denotes the ‘returning to the reference state (or
dynamic) after a temporary disturbance’ (Grimm and Wissel 1997, 325). This is
how Stuart Pimm (1984) used the term in his influential paper on stability. This
notion being pressed into service here is sometimes referred to by other terms.
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Kirstin Schrader-Frachette and Earl McCoy (1993, 33) label it ‘dynamic balance’ and
Holling calls it ‘stability’ (Holling 1973), and then in later work ‘engineering resilience’
(Holling 1996; Holling and Gunderson 2002). In this article, the term ‘local resilience’
is used to indicate this ability of a system to return to a reference state (see section 3.1).

The other significant 