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Abstract
Sustainability science seeks to extend scienti�c investigation into domains characterized by a distinct problem-solving agenda, 
physical and social complexity, and complex moral and ethical landscapes. In this endeavor, it arguably pushes scienti�c 
investigation beyond its usual comfort zones, raising fundamental issues about how best to structure such investigation. Phi-
losophers of science have long scrutinized the structure of science and scienti�c practices, and the conditions under which 
they operate e�ectively. We propose a critical engagement between sustainability scientists and philosophers of science with 
respect to how to engage in scienti�c activity in these complex domains. We identify speci�c issues philosophers of science 
raise concerning current sustainability science and the contributions philosophers can make to resolving them. In conclusion, 
we re�ect on the steps philosophers of science could take to advance sustainability science.

Keywords Philosophy of science�· Values in science�· Interdisciplinarity�· Transdisciplinarity�· Methodology of 
sustainability science

Introduction

Sustainability science is a novel �eld of research in many 
respects. Its practical orientation, transformational ambi-
tions, and inter- and transdisciplinary core require the 
recon�guring of both the way science is organized and the 
relationship between science and practice (Clark and Dick-
son 2003; Kates 2011; Jerneck et�al. 2011; Bettencourt and 
Kaur 2011). When combined with the ethical dimensions 
of sustainability, this raises many serious philosophical 
concerns. Sustainability scientists have been hard at work 
in recent years developing conceptual resources and novel 

methodologies to address these concerns (Adler et�al. 2018; 
Caniglia et�al. 2017; Clapp 2018; Livoreil et�al. 2017; Nel-
son and Vucetich 2012; Lang et�al. 2012), and philosophers 
of science have long been posing similar questions about sci-
enti�c methodology (Winsberg 2018; Cartwright and Hardie 
2012), the appropriate role of science in society (Longino 
1990; Mitchell 2009), and the various ethical and epistemic 
issues that arise in scienti�c practice (Douglas 2009; Steel 
2015; Koskinen and Rolin 2019). Moreover, much contem-
porary philosophy of science is a continuation of science 
proper, as philosophers have begun to engage directly with 
the same theoretical questions that scientists ask (e.g. Davis 
et�al. 2018). Accordingly, our claim here is that philoso-
phers of science are uniquely positioned to contribute to the 
development and soundness of sustainability science, both 
from an outsider perspective and in partnership with sustain-
ability scientists. A critical viewpoint from the philosophy 
of science could promote the further development of many 
theoretical discussions in sustainability science on one hand, 
while on the other, collaborative e�orts could help to focus 
philosophical work on speci�c issues in the �eld. Collabo-
rative e�orts such as these have been endorsed by several 
academic units, including the School of Sustainability at 
Arizona State University, the Helsinki Institute of Sustain-
ability Science at the University of Helsinki, and Purdue 
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University’s Center for the Environment, all of which have 
hired philosophers of science (including some of us) to col-
laborate with sustainability scientists.

In the following, we identify three salient areas in which 
philosophers of science can readily facilitate theoretical, 
methodological, and ethical progress in sustainability sci-
ence: (1) epistemological issues, (2) conceptual questions, 
and (3) the role of values. What we o�er under these head-
ings, however, is by no means an exhaustive or comprehen-
sive account of all the ways in which philosophers could 
contribute to tackling the problems of sustainability sci-
ence.1 We merely provide a sample selected to illustrate 
the general potential for such contributions. Our objective 
is to initiate a mutually enriching conversation between 
philosophers of science and sustainability scientists, thus 
responding to recent calls from the latter for more inclusive 
engagement with the humanities and social sciences (e.g. 
Hulme 2011; Jetzkowitz et�al. 2018; Laplane et�al. 2019; 
Díaz-Reviriego 2019).

What is�sustainability science?

Given that neither the outer boundary nor the inner core 
of sustainability science has completely settled or solidi-
�ed, we do not wish to impose any de�nitions on develop-
ing practices. However, it would be useful to give a broad 
characterization of the �eld to focus our discussion. Sustain-
ability has a long and varied intellectual history (Caradonna 
2014). Sustainability science, on the other hand, grew out of 
the concerns—most famously expressed in the 1987 World 
Commission on Environment and Development report Our 
Common Future (Brundtland 1987)—with tensions between 
balancing the needs of present generations with those of 
future generations without disrupting the life-support system 
of the planet (Shahadu 2016). As a proper �eld, it emerged 
only in the early 2000s (Bettencourt and Kaur 2011; see 
also Kates et�al. 2001; Clark and Dickson 2003; Komiyama 
and Takeuchi 2006). Kates et�al. (2001) is a starting point 
of sorts, and was perhaps the �rst attempt at giving the �eld 
both a name and a more tangible direction.

From early on, sustainability science has been character-
ized as a �eld devoted to studying—and ultimately trans-
forming—the way human societies interact with and depend 
upon the natural environment (Kates et�al. 2001; Kates 2011; 
Komiyama and Takeuchi 2006; Balvanera et�al. 2017). Argu-
ably, its roots lie in ecological economics, which focuses on 
integrative theorizing of human-nature or economy–ecology 
relationships (Costanza 2019) and has been de�ned broadly 
as “the science and management of sustainability” (Cos-
tanza 1991).2 Although ecological economics has much in 
common with sustainability science, it is the latter that has 
made an unequivocal turn toward participatory democratic 
processes in knowledge production, notably inter- and trans-
disciplinarity, participatory experimentation, and practice-
based research (Norström et�al. 2020).

Two themes of sustainability science have persisted in 
the course of its development, although the emphasis has 
changed over time. The �rst theme concerns the dynam-
ics of complex systems, the epistemological limitations and 
constraints such systems impose, and the wider implications 
for both science and practical decision-making (Kates et�al. 
2001; Clark et�al. 2016; Ostrom et�al. 2007). Early attempts 
at characterizing the �eld, such as Kates et�al. (2001) (see 
also Kates 2011), emphasize the need for better models and 
modelling approaches to handle the complexity of targeted 
human-natural systems. This has changed, to some extent, 
to focus on ‘genuine’—or at least more pluralistic—interdis-
ciplinarity, and �nding the means for making sustainability 
science a more inclusive project that incorporates the social 
sciences and the humanities to a greater extent (Ness 2013; 
Isgren et�al. 2017; Jerneck and Olsson 2020).

The second theme concerns the role of transformation and 
(social) change, and the role sustainability scientists should 
play in their promotion. Sustainability science needs to be 
tightly coupled to decision- and policy-making processes, 
rather than being merely “curiosity-driven” (Spangenberg 
2011; Clark and Dickson 2003). Although broadly speak-
ing, the centrality of this aim has been recognized from 
the beginning (Kates et�al. 2001), many alternative ways 
of framing the concept have been proposed. Sustainability 
science has thus been thought of as a problem- or solution-
oriented science (Clark 2007; Miller et�al. 2014; Jerneck and 
Olsson 2020) focused on the usefulness of the knowledge 
it produces (Clark et�al. 2016), an applied science (Ostrom 
et�al. 2007), an action-oriented science (Spangenberg 2011; 
Cash et�al. 2003; Fazey et�al. 2018), and a trans-disciplinary 
venture (Huutoniemi and Tapio 2014; Lang et�al. 2012; 
Wiek et�al. 2012) that achieves transformation through the 

1 For example, ontology is a salient area of sustainability science to 
which philosophers can contribute but we do not discuss it in this 
paper (but see “Conceptual work for sustainability science” below). 
In fact, recent debates on process ontologies in sustainability sci-
ence (e.g. Hertz et�al. 2020) draw heavily on the philosophy of biol-
ogy (Nicholson and Dupré 2018). Social ontology is also relevant to 
sustainability science, in particular the performative and constructive 
functions of scienti�c models at the science-policy interface, as well 
as in the co-production of knowledge and governance, which phi-
losophers and sociologists of science have discussed in some detail 
(MacKenzie et�al. 2007; Zeiss and Van Egmond 2010 and references 
therein).

2 The International Society for Ecological Economics published the 
inaugural issue of the journal Ecological Economics in 1989.
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deep involvement of stakeholders and relevant constituencies 
in the research process.

These two themes are subject to considerable discussion 
and engagement within sustainability science, and they 
touch a range of concerns—methodological, epistemologi-
cal, practical, and conceptual—that are fundamentally philo-
sophical in nature. This motivates and provides an opportu-
nity for deeper engagement and exchange between the two 
�elds. In what follows, we outline three main areas in which 
we see particular opportunities for such exchange. They are: 
(1) epistemological issues, including methodology, inter- 
and trans-disciplinarity, and the science-policy interface, 
(2) conceptual work and analysis, and (3) normativity and 
values in sustainability science.

Epistemological issues: methodology, inter- 
and�trans-disciplinarity, and�science policy

Epistemology in general concerns the justi�cation and truth 
of beliefs. The philosophy of science focuses principally on 
scienti�c knowledge, but including the processes and con-
ditions of knowledge production and application. The lat-
ter range from speci�c research methods, relations between 
scienti�c disciplines, and broader contexts in which science 
as an activity takes place. In this section, we discuss these 
matters in turn.

Rethinking the�scope and�character 
of�methodologies in�sustainability science

Sustainability scientists have recently started discussing a 
range of methodological issues, including the transferabil-
ity of case-based transdisciplinary knowledge (Adler et�al. 
2018), the taxonomy of experimentation (Caniglia et�al. 
2017), evidence synthesis (Livoreil et�al. 2017), and the 
synthesis of scienti�c and non-scienti�c knowledge such 
as indigeneous knowledge (Tengö et�al. 2017). These all 
revolve around the question of how to produce knowledge 
that is both epistemically reliable and practically usable. 
Philosophers of science have been working on these meth-
odological questions for decades, scrutinizing scienti�c 
methods of theorizing, modelling, and evidential reasoning. 
Contemporary philosophers of science typically approach 
these problems by analyzing well-documented cases or epi-
sodes from mature disciplines such as biology, economics, 
and cognitive science, attempting thereby to extract some 
general methodological lessons. On the other hand, sus-
tainability scientists face an urgent need to develop some 
frameworks or heuristics to organize and guide heterogene-
ous practices in their own �eld. As a result, typological and 
taxonomical frameworks proliferate, often with no critical 
examination or justi�cation of how they generate reliable 

and usable knowledge. With this unique situation in mind, 
we suggest that the philosophy of science could comple-
ment e�orts to develop the methodology of sustainability 
science. Sustainability scientists are already drawing on the 
philosophical literature: Adler et�al. (2018) cite Cartwright 
(2012) and Cartwright and Hardie (2012) to argue against 
taking randomized controlled trials as the gold standard for 
producing evidence for public policy, for example, whereas 
Caniglia et�al. (2017) cite Mitchell (2009) to argue against 
context- and value-free ideals of science. However, such 
contributions could be more substantial and constructive.

To give an example, Adler et�al. (2018) case for ana-
logical reasoning could be further developed by building 
on existing methodological debates on external validity and 
extrapolation. Adler et�al. propose using argument by anal-
ogy as a means of transferring substantive knowledge from 
one transdisciplinary study to another. It is, therefore, cru-
cial to understand whether or not two contexts are similar 
enough to warrant analogical reasoning, but how can one 
be con�dent that the original context and the new contexts 
are similar enough in relevant ways? If one already knew 
this, would it not make the knowledge transfer redundant? 
This problem, the extrapolator’s circle (Steel 2008), has 
been extensively discussed in the philosophical literature. 
Of the several methodological solutions that have been put 
forward, the most notable are comparative process-tracing 
(Steel 2008) and analogical reasoning (Guala 2005, 2010; 
Steel 2010). Both accounts explicitly formulate inferential 
strategies for operationalizing ‘relevant similarities’ to make 
extrapolation more reliable, and therefore, could be usefully 
applied in the context of extrapolation in sustainability sci-
ence (see e.g. Parker 2010 for climate science). Similarly, 
one could enrich Caniglia et�al. (2017) case for value-laden 
and context-dependent sustainability science by engaging 
with the philosophical literature on values in science (see 
“Normativity and values in sustainability science”). Such 
examples also provide an opportunity for philosophers to test 
and develop their analytical tools against some of the unique 
methodological challenges that sustainability science poses.

Inter-disciplinarity and�trans-disciplinarity

Inter-disciplinary and trans-disciplinary (ID/TD) modes of 
scienti�c research are widely embraced as the modus oper-
andi of sustainability science. Although there is some disa-
greement and inconsistency with regard to how the concepts 
of transdisciplinary and interdisciplinary research are and 
should be formulated, many scholars, funding agencies and 
others have settled on de�ning the latter as integrative prob-
lem-solving across university disciplines (Lattuca 2001). 
Integration is not operationally de�ned in the literature, but 
it is understood as a process of combining methodologies 
or practices through which novel synthesized approaches 
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would emerge (see Huutoniemi et�al. 2010). Current dis-
ciplines, it is claimed, do not in themselves have e�ective 
methodologies for resolving sustainability problems. There 
is thus a need for methodological innovations that transgress 
current epistemic standards and norms within disciplines, 
and thereby force disciplines to aim toward speci�c, prob-
lem-driven targets. This point serves to rationalize the need 
for problem-solving contexts to have e�ective ID. Simply 
combining methodologies, or applying them independently 
in the context of a joint research project, is usually consid-
ered a form of “mere” multidisciplinarity, which is deemed 
less e�ective and e�cient than ID in terms of achieving 
satisfactory solutions (but see Mennes 2019).

Transdisciplinarity is usually treated as a variation of 
interdisciplinarity, requiring that integrative interactions fur-
ther include extra-academic stakeholders (Jahn et�al. 2012; 
Pohl et�al. 2011). As such, the relevant problem-context 
is better able to represent the interests and knowledge of 
stakeholders in the problem, helping the scienti�c process to 
devise more robust solutions. The literature on sustainability 
science has contributed substantially to the development and 
advocacy of transdisciplinary research, including as a means 
of handling so-called “wicked problems” (Bernstein 2015).

In our view, although plenty of research has been carried 
out to create strategies and plans for doing ID/TD (see Lang 
et�al. 2012) or parsing these concepts in terms of taxonomies 
(Klein 2010), some of the basic underlying motivations have 
yet to be properly articulated or tested. Why, for instance, is 
cross-border collaboration such a preferred means for imple-
menting ID, particularly given that much e�ective inter-
disciplinary innovation has come about without strict col-
laboration (see e.g. Harman and Dietrich 2013)? Arguably, 
ecological economics is a case in point of innovative bene�ts 
not being bound collaboratively to economists or traditional 
economics. Indeed many positions behind the contemporary 
enthusiasm for both ID and TD, in the science studies and 
elsewhere, seem to re�ect views that are not strictly based on 
epistemological argument—having a principally political or 
ideological dimension (Godin 1998; Jacobs 2013)—and/or 
are not su�ciently justi�ed in epistemological terms. More 
speci�cally, they are not justi�ed with respect to the con-
straints under which e�ective science happens. Such views 
promote speculative optimism about the potential of these 
integrative forms of ID and TD, which has not been borne 
out in practice to the desired extent (see Yegros-Yegros 
et�al. 2015). Some of us have studied the epistemological 
and cognitive issues that arise in interactions between dis-
ciplines, and the ways in which the disciplinary structure 
of science drives the development of interdisciplinarity and 
transdisciplinarity in practice (MacLeod and Nagatsu 2016, 
2018; MacLeod 2018; Thorén and Persson 2013; Thorén and 
Breian 2016; Persson et�al. 2018; Koskinen and Mäki 2016). 
These critical analyses ultimately bolster enthusiasm for ID/

TD work by providing a methodological reality check, as 
it were, moving beyond speculative optimism and improv-
ing e�ciency. Speci�cally, they should complement ID/TD 
typologies in sustainability science (Lang et�al. 2012; Brandt 
et�al. 2013), giving them a better grounding in practice.

Two issues stand out in this regard. First, the discipline-
free ideal championed by some proponents of transdiscipli-
narity in sustainability science (Frodeman 2013; Spangen-
berg 2011), which is often founded on a general commitment 
to the methodology of systems dynamics, underestimates the 
role that disciplinary knowledge and methods should play. It 
is not clear why a discipline-free conceptualization is ideal, 
or how it can produce outcomes superior to a multidiscipli-
nary or interdisciplinary model (Koskinen and Mäki 2016). 
Moreover, given that much current empirical work evolves 
from formal modelling frameworks developed in established 
disciplines (rather than, say, systems dynamics models), 
the discipline-free conceptualization of transdisciplinarity 
seems out of step with how it is commonly practiced.

This leads to the second issue, namely the relationship 
between natural and social science (Philipson et�al. 2009). 
Many sustainability scientists consider it critical to over-
come the obstacles generated by the di�erent aims, con-
cepts, norms, and methods that characterize these two broad 
�elds. Indeed, some have argued that bringing the natural 
and social sciences together is a necessary precondition for 
their success (Jerneck et�al. 2011; Kates et�al. 2001). This 
applies to very general di�erences such as that between the 
goals of interpretation guiding some social sciences and the 
goals of explanation and prediction guiding natural science, 
as well as to more speci�c di�erences such as those between 
economics and ecology. Various philosophers have investi-
gated the background assumptions and conceptual and meth-
odological inconsistencies that inhibit e�cient interaction 
across these disciplinary boundaries, such as di�erent con-
ceptions of “natural” and “arti�cial” (DesRoches et�al. 2019; 
Inkpen and DesRoches 2019,forthcoming), and diagnosing 
such impediments is at least a �rst step toward overcom-
ing them. Others have identi�ed methodological options for 
integrating data and concepts across boundaries into formal 
models such as Bayesian Belief Network methods, and these 
methods can be collected and evaluated in terms of their 
capacities to do so (MacLeod and Nagatsu 2018).

If observations such as these are taken into account, 
the hope is that philosophers, in combination with others 
concerned with sustainability, might help to fashion more 
pragmatic approaches to ID and TD that are grounded in 
the a�ordances and constraints of existing methodologies 
and practices. This, in turn, could foster the formulation of 
norms and policies that incentivize such approaches. For 
example, model-coupling across disciplinary boundaries 
may not achieve fully optimal solutions to sustainability 
problems given the extent to which the coupled models 
















