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Abstract

In science policy, it is generally acknowledged that science-based problem-solving requires
interdisciplinary research. For example, policy makers invest in funding programs such as
Horizon 2020 that aim to stimulate interdisciplinary research. Yet the epistemological processes
that lead to effective interdisciplinary research are poorly understood. This article aims at an
epistemology for interdisciplinary research (IDR), in particular, IDR for solving ‘real-world’
problems. Focus is on the question why researchers experience cognitive and epistemic
difficulties in conducting IDR. Based on a study of educational literature it is concluded that
higher-education is missing clear ideas on the epistemology of IDR, and as a consequence, on
how to teach it. It is conjectured that the lack of philosophical interest in the epistemology of
IDR is due to a philosophical paradigm of science (called a physics paradigm of science), which
prevents recognizing severe epistemological challenges of IDR, both in the philosophy of science
as well as in science education and research. The proposed alternative philosophical paradigm
(called an engineering paradigm of science) entails alternative philosophical presuppositions
regarding aspects such as the aim of science, the character of knowledge, the epistemic and
pragmatic criteria for accepting knowledge, and the role of technological instruments. This
alternative philosophical paradigm assume the production of knowledge for epistemic functions
as the aim of science, and interprets ‘knowledge’ (such as theories, models, laws, and concepts)
as epistemic tools that must allow for conducting epistemic tasks by epistemic agents, rather

than interpreting knowledge as representations that objectively represent aspects of the world
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independent of the way in which it was constructed. The engineering paradigm of science
involves that knowledge is indelibly shaped by how it is constructed. Additionally, the way
in which scientific disciplines (or fields) construct knowledge is guided by the specificities of
the discipline, which can be analyzed in terms of disciplinary perspectives. This implies that
knowledge and the epistemic uses of knowledge cannot be understood without at least some
understanding of how the knowledge is constructed. Accordingly, scientific researchers need
so-called metacognitive scaffolds to assist in analyzing and reconstructing how ‘knowledge’
is constructed and how different disciplines do this differently. In an engineering paradigm
of science, these metacognitive scaffolds can also be interpreted as epistemic tools, but in
this case as tools that guide, enable and constrain analyzing and articulating how knowledge
is produced (i.e., explaining epistemological aspects of doing research). In interdisciplinary
research, metacognitive scaffolds assist interdisciplinary communication aiming to analyze and

articulate how the discipline constructs knowledge.

Keywords: Interdisciplinarity; Problem-solving; Epistemological views; Disciplinary matrix;
Kuhn; Disciplinary perspectives; Engineering paradigm of science; Engineering sciences;
Higher education; Expertise; Metacognitive skills; Higher-order cognitive skills; Metacognitive
scaffolds
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of Medicine, Policy and Global Affairs, Committee on Science, E., and Public Policy, Committee on Facilitating
Interdisciplinary Research, Facilitating interdisciplinary research (Washington, DC: The National Academies Press,
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3 Miles MacLeod, "What makes interdisciplinarity difficult? Some consequences of domain specificity in interdisciplinary
practice," Synthese, Vol. 195 (2016), pp. 1-24; Thorén, the hammer and the nail: interdisciplinarity and problem solving
in sustainability science.
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5 Mieke Boon, "An engineering paradigm in the biomedical sciences: Knowledge as epistemic tool," Progress in Bio-
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14 Julie Thompson Klein, "A taxonomy of interdisciplinarity," in: Robert Frodeman, Julie Thompson Klein & Carl Mitcham

(eds.), Oxford handbook of interdisciplinarity (Oxford: Oxford University Press, 2010), pp. 15-30; Hirsch-Hadorn, Pohl &
Bammer, "Solving problems through transdisciplinary research"; Alvargonzalez, Multidisciplinarity, Interdisciplinarity,
Transdisciplinarity, and the sciences"; Matthias Bergmann, "The integrative approach in transdisciplinary research,"
in: Thomas Jahn, Tobias Knobloch, Wolfgang Krohn, Christian Pohl, and Engelbert Schramm (eds.), Methods for
transdisciplinary research - A primer for practice (Frankfurt/New York: Campus Verlag, 2012), pp. 22-49; Assumpta
Aneas, "Transdisciplinary technology education: A characterisation and some ideas for implementation in the university,"
Studies in Higher Education, Vol. 40, No. 9 (2015), pp. 1715-1728.

15 Aneas, "Transdisciplinary technology education: A characterisation and some ideas for implementation in the university."
17 National Academy of Science et al., "facilitating interdisciplinary research"; Svetlana Nikitina, "Three strategies for

interdisciplinary teaching: Contextualizing, conceptualizing, and problem-centring," Journal of Curriculum Studies,
Vol. 38, No. 3 (2006), 251-271; Dorina Gnaur, Kjeld Svidt, Maria Thygesen, "Developing students’ collaborative skills
in interdisciplinary learning environments," International Journal of Engineering Education, Vol. 31, No. 1B (2015),
pp-257-266; Antoine van den Beemt, Miles MacLeod, Jan van der Veen, Anne Van de Ven, Sophie van Baalen, Renate
Klaassen, Mieke Boon, "Interdisciplinary engineering education: A review of vision, teaching, and support," Journal of
Engineering Education, Vol. 109, No. 3 (2020).

18 Lisa R. Lattuca, Creating Interdisciplinarity: Interdisciplinary Research and teaching among college and University

Faculty (Tennessee: Vanderbilt University Press, 2001); Robert Frodeman & Carl Mitcham, "New directions in
Interdisciplinarity: Broad, deep, and critical," Bulletin of Science, Technology & Society, Vol. 27, No. 6 (2007), pp.
506-514; Patricia J Culligan & Feniosky Pefia-Mora, "Engineering," in Robert Frodeman (ed.), The Oxford handbook
of interdisciplinarity (Oxford: Oxford University Press, 2010), pp.147-160; Nancy Tuana, "Embedding philosophers
in the practices of science: bringing humanities to the sciences," Synthese, Vol. 190 (2013), pp. 1955-1973; Lisa R.
Lattuca, David B. Knight, Hyun Kyoung Ro, Brian J. Novoselich, "Supporting the development of Engineers’ interdis-
ciplinary competence," Journal of Engineering Education, Vol. 106, No. 1 (2017), pp. 71-97.
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narity"; V. Kelly Turner, Karina Benessaiah, Scott Warren & David M Iwaniec, "Essential tensions in interdisciplinary

scholarship: navigating challenges in affect, epistemologies, and structure in environment—society research centers,"
Higher Education, Vol. 70. No.4 (2015), pp. 649-665; Newell, "the state of the field."
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27 Nikitina, "Three strategies for interdisciplinary teaching"; Veronica Strang, "Integrating the social and natural
sciences in environmental research: A discussion paper," Environment, Development and Sustainability, Vol. 11, no.
1 (2009), pp. 118-; Karen P.J. Fortuin & Christianus Van Koppen, "Teaching and learning reflexive skills in inter-
and transdisciplinary research: A framework and its application in environmental science education," Environmental
Education Research, Vol. 22, No. 5 (2016), pp. 697-716; O’Rourke, Crowley & Gonnerman, "on the nature of cross-
disciplinary integration."

28 Erika Mattila, "Interdisciplinarity in the making”: Modeling infectious diseases," Perspectives on Science, Vol. 13, No.
4 (2005), pp. 531-553.

29 Nancy J. Nersessian, Creating scientific concepts (Cambridge, MA: MIT Press, 2009).

30 Nancy J. Nersessian & Christopher Patton, "Model-based reasoning in interdisciplinary engineering," in: Anthonie
Meijers (eds.), Handbook of the Philosophy of Technology and Engineering Sciences (North Holland: Elsevier, 2009),
pp. 687-718.

31 Miles MacLeod & Nancy J. Nersessian, "Coupling simulation and experiment: The bimodal strategy in integrative

systems biology," Studies in History and Philosophy of Science Part C: Studies in History and Philosophy of Biological
and Biomedical Sciences Part A, Vol. 44, No. 4 (2013), pp. 572-584.
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Part 4, Vol. 47 (2014), pp. 111-117; Mads Goddiksen & Hanne Andersen, Expertise in interdisciplinary science and
education (2014), Retrieved from: http://philsci-archive.pitt.edu/id/eprint/11151

33 Alan L. Porter & Frederick A. Rossini, "Frameworks for integrating interdisciplinary research," Research Policy, Vol.

8, Issue 4 (1979), pp.70-79; Hanne Andersen & Susann Wagenknecht, "Epistemic dependence in interdisciplinary
groups," Synthese, Vol. 190, No. 11 (2013), pp. 1881-1898; Hanne Andersen, "Collaboration, interdisciplinarity, and the
epistemology of contemporary science," Studies in History and Philosophy of Science Part A, Vol. 56 (2016), pp. 1-10.

34 Goddiksen & Andersen, "Expertise in interdisciplinary science and education"; Harry Collins & Robert Evans, "The
third wave of science studies: Studies of expertise and experience," Social Studies of Science, Vol. 32 (2002), pp.
235-296; Harry Collins & Robert Evans, Rethinking Expertise (Chicago and London: The University of Chicago Press,
2007); Goddiksen, "Clarifying interactional and contributory expertise."

35 Marcel M. Robles, "Executive perceptions of the top 10 soft skills needed in Today’s workplace," Business Communication
Quarterly, Vol. 75, No. 4 (2012), pp. 453-465; National Science Foundation, Impact of transformative interdisciplinary
research and graduate education on academic institutions (Washington, DC: 2008); Carolyn Haynes & Jeannie Brown
Leonard, "From surprise parties to mapmaking: Undergraduate journeys toward interdisciplinary understanding," The
Journal of Higher Education, Vol. 81, No. 5 (2010), pp. 645-666; Gnaur, Svidt & Thygesen, "Developing students’
collaborative skills in interdisciplinary learning environments"; Nilsa A Bosque-Pérez et al., "A pedagogical model for
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