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Abstract

Background Health professionals need to be prepared for interdisciplinary research collaborations aimed

at the development and implementation of medical technology. Expertise is highly domain-specific, and learned
by being immersed in professional practice. Therefore, the approaches and results from one domain are not easily
understood by experts from another domain. Interdisciplinary collaboration in medical research faces not only insti-
tutional, but also cognitive and epistemological barriers. This is one of the reasons why interdisciplinary and inter-
professional research collaborations are so difficult. To explain the cognitive and epistemological barriers, we intro-
duce the concept of disciplinary perspectives. Making explicit the disciplinary perspectives of experts participating

in interdisciplinary collaborations helps to clarify the specific approach of each expert, thereby improving mutual
understanding.

Method We developed a framework for making disciplinary perspectives of experts participating in an interdiscipli-
nary research collaboration explicit. The applicability of the framework has been tested in an interdisciplinary medical
research project aimed at the development and implementation of diffusion MRI for the diagnosis of kidney cancer,
where the framework was applied to analyse and articulate the disciplinary perspectives of the experts involved.

Results We propose a general framework, in the form of a series of questions, based on new insights from the phi-
losophy of science into the epistemology of interdisciplinary research. We explain these philosophical underpinnings
in order to clarify the cognitive and epistemological barriers of interdisciplinary research collaborations. In addition,
we present a detailed example of the use of the framework in a concrete interdisciplinary research project aimed

at developing a diagnostic technology. This case study demonstrates the applicability of the framework in interdisci-
plinary research projects.

Conclusion Interdisciplinary research collaborations can be facilitated by a better understanding of how an expert’s
disciplinary perspectives enables and guides their specific approach to a problem. Implicit disciplinary perspec-

tives can and should be made explicit in a systematic manner, for which we propose a framework that can be used
by disciplinary experts participating in interdisciplinary research project. Furthermore, we suggest that educators can
explore how the framework and philosophical underpinning can be implemented in HPE to support the develop-
ment of students’interdisciplinary expertise.
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Background

Expertise is highly domain-specific, and learned by
being immersed in professional practice [1]. However,
today’s rapidly evolving health care systems require cli-
nicians who are capable of meeting complex challenges
[2], which often requires interdisciplinary and interpro-
fessional collaborations between experts from distinct
disciplines.! With the increasingly central role of innova-
tive medical technologies in many medical specialties [3],
health professionals will presumable participate in inter-
disciplinary and interprofessional research collabora-
tions. But interprofessional and interdisciplinary research
collaborations are notoriously difficult (e.g., [4—7]). Boon
et al. (2019) argue that the complexity of current medi-
cal practices requires interdisciplinary expertise, which is
an extension of adaptive expertise [8]. Interdisciplinary
expertise involves the ability to understand the role of
disciplinary perspectives.

In this paper, we combine insights from the philoso-
phy of science on disciplinary perspectives and practice
experience from an interdisciplinary medical research
project aimed at the development and implementation of
diffusion MRI for the diagnosis of kidney cancer. Based
on these insights and practice experience, we propose a
framework for mitigating cognitive and epistemologi-
cal barriers caused by different disciplinary perspectives.
In addition, we present a detailed example of the use of
the framework to analyse and explain the experts’ disci-
plinary perspectives in the aforementioned interdiscipli-
nary research project aimed at developing a diagnostic
technology. This case study demonstrates the use of the
framework in interdisciplinary research projects. The
framework can be used by health professionals to facili-
tate their interdisciplinary research projects, by analysing
and explaining their disciplinary perspectives.

Interdisciplinary research

To address the barriers to interdisciplinary research,
various authors have developed analytical frameworks to
guide the research process and help disciplinary experts
understand what it takes to execute projects together
with experts from other disciplines [9-12]. Menken
et al. (2016), for example, provide a method for interdis-
ciplinary research that is much similar to the traditional
empirical cycle, including steps such as “identify prob-
lem or topic,” “formulate preliminary research questions,’

! In this article, we use ‘disciplines; ‘fields’ and ‘specialisms’ interchangeably.

“data collection” and “draw conclusions” [11]. Other
frameworks describe which steps need to be taken in
the interdisciplinary research process. In the literature
on team science, several authors also aim to provide a
better understanding of the process of interdisciplinary
research. For example, Hasan et al. (2023) focuses on the
‘micro’ layers of the team science ecosystem proposed by
Stokols et al. (2019) — the layer of individual team mem-
bers collaborating in interdisciplinary research projects
[13, 14]. From their analysis of an online collaborations
between early academics from different fields, they pro-
vide insights into common issues in interdisciplinary
research and methods for dealing with them. By applying
their framework from the start of the interdisciplinary
research process, they argue, interdisciplinary capture
[15] can be avoided.

Although the aforementioned frameworks provide
valuable guidance on the process of interdisciplinary col-
laboration, they do not address the deeper cognitive and
epistemological challenges of interdisciplinary research
collaboration [5, 16], which is the objective of our con-
tribution. A crucial assumption in current frameworks
seems to be that interdisciplinary research collabora-
tion is learned by doing, and that the integration of dif-
ferent disciplines will automatically follow.”> In our view,
however, the integration of different disciplines is both
crucial and one of the most challenging aspects of inter-
disciplinary research collaboration. In previous work
we have argued that the inherent cognitive and episte-
mological (knowledge-theoretical) challenges of inte-
gration have been neglected by most authors providing
models for interdisciplinary research [8]. In this paper,
our focus is therefore on challenges of using and produc-
ing knowledge in interdisciplinary research collabora-
tions that aim at solving complex real-world problems.
Examples are collaborations between distinct medical
specialists in the diagnosis and treatment of a specific
patient (e.g., an oncologist and radiologist), but also col-
laborations between medical experts and biomedical
engineers aimed at innovative medical technology for
clinical uses. In this paper, we focus on interdisciplinary
research projects, in which two or more academic fields
are integrated to solve real-world problems, and not on

2 Bridle (2013), Klein (1990), Newell (2007) and Szostak (2002) provide
activities that are important for interdisciplinary collaborations, such as
communication, negotiation and evaluating assumptions. In order to be
able to perform such activities, students need to develop the appropriate
skills [9, 17-19].
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transdisciplinary projects in which one or more academic
fields are integrated with expertise from outside of aca-
demia such as policy-making or practice.?

The challenge of interdisciplinary research collabo-
rations aimed at solving a shared problem is that each
expert is guided by his/her own disciplinary perspective.
However, the results produced by experts from different
disciplines, although internally coherent, are not mutu-
ally coherent, so that they are not easily integrated. Fur-
thermore, approaches and results understood within
a contributing disciplinary perspective are not easily
understood by experts specialised in other disciplinary
perspectives, even though each expert aims to contribute
to the same problem.

In short, the way in which experts use and produce
knowledge is guided by the disciplinary perspective typi-
cal of their own practice. But experts are often unaware
of having a disciplinary perspective. We argue that this is
an obstacle to participating in interdisciplinary research
collaborations focused on using and producing knowledge
for complex problem-solving. Moreover, disciplinary per-
spectives are often considered impenetrable —as they are
acquired by doing— which makes dealing with the disci-
plinary perspective of other experts a difficult learning
objective. In this paper, we defend that disciplinary per-
spectives can be made explicit in a systematic manner,
and that their role in ‘how experts in a specific discipline
use and produce knowledge’ can thus be made under-
standable for experts and students in both their own and
other disciplines.

To this end, we have developed a framework, based on
new insights in the philosophy of science and on prac-
tice experience of interdisciplinary research collabora-
tion aimed at the development of a medical technology,
which can be used by experts in a particular discipline
to analyse different elements of their discipline and,
together with collaborators, to analyse the same elements
from other disciplines. We believe that this systematic
approach to understanding disciplinary perspectives
will facilitate interdisciplinary research collaborations
between experts from different fields. It will create
awareness of one’s own disciplinary perspective and the
ability to understand the disciplinary perspective of other
experts at a sufficient level. Our framework thus aims to
alleviate the challenge of integration in a collaborative
research project by providing a tool for analysing discipli-
nary perspectives. We suggest that the concrete descrip-
tions of disciplinary perspectives that result from the

3 Roux et al. (2017) provide a clear characterization of transdisciplinary
research: “A key aim of transdisciplinary research is for actors from science,
policy and practice to co-evolve their understanding of a social-ecologi-
cal issue, reconcile their diverse perspectives and co-produce appropriate
knowledge to serve a common purpose.” ([20], p. 1).
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application of the framework, clarify the approaches of
experts in a multi-disciplinary team. It thus enables effec-
tive communication through improved understanding of
how each discipline contributes. Once researchers suf-
ficiently understand each other’s discipline, they will be
able to construct so-called conceptual models that inte-
grate content relevant to the problems at hand.*

Education in interdisciplinary research

In addition to professionals using our framework to facil-
itate collaboration in interdisciplinary research projects,
we suggest that this framework can also be implemented
in medical education. It can be used to teach students
what it means to have a disciplinary perspective, and to
explicate the role of disciplinary perspectives of discipli-
nary experts participating in an interdisciplinary research
collaboration. We have implemented this framework in
an innovative, challenge-based educational design that
explicitly aims to support and promote the development
of interdisciplinary research skills [22]. Research into
the intended learning objectives has not yet been com-
pleted, but our initial findings indicate that the proposed
framework effectively supports students in their ability
to develop crucial skills for conducting interdisciplinary
research projects. We suggest therefore that the frame-
work can also be implemented in HPE as a scaffold for
teaching and learning metacognitive skills needed in
interdisciplinary research collaborations, for example
between medical experts and engineers.

Research has shown that interprofessional education
courses for healthcare students can have a positive effect
on the knowledge, skills and attitudes required for inter-
professional collaboration, but that organising such inter-
ventions is challenging [23, 24]. In the HPE literature, it
is generally assumed that the limitations of interprofes-
sional and interdisciplinary teamwork are due to prob-
lems of communication, collaboration and cooperation
[25, 26], which are linked to barriers and enablers at insti-
tutional, organizational, infrastructural, professional and
individual levels (e.g., [27, 28]). Therefore, interprofes-
sional and interdisciplinary collaborations are discussed
extensively in the HPE literature — our focus is challenges
of interdisciplinary research collaboration.

The ability to use and produce knowledge and methods
in solving (novel) problems is covered in the HPE litera-
ture by the notion of adaptive expertise, which encom-
passes clinical reasoning, integrating basic and clinical
sciences, and the transfer of previously learned knowl-
edge, concepts and methods to solve new problems in
another context (e.g., [1, 29-34]). In previous work, we

4 Boon (2020, 2023) explains the notion of conceptual modelling in applica-
tion oriented research [21, 22].
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introduced the concept of interdisciplinary expertise,
which expands on the notion of adaptive expertise by
including the ability to understand, analyse and com-
municate disciplinary perspectives [8]. In this paper, we
address the challenge posed by how this ability to under-
stand, analyse and communicate disciplinary perspec-
tives can be learned. The framework that we propose can
be implemented in HPE to function as a tool to scaffold
metacognitive skills of health professions students, facili-
tating the development of interdisciplinary expertise.

Aims and contributions of this paper

Our first objective is to show that interdisciplinary col-
laboration in (medical) research faces not only institu-
tional, but also cognitive and epistemological barriers.
Therefore, we first provide a theoretical explanation of
the concept of ‘disciplinary perspective’ as developed
in the philosophy of science, in order to make it plausi-
ble that the cognitive barriers experienced by experts in
interdisciplinary collaboration are the result of different
disciplinary perspectives on a problem and its solution.

Our second objective is to provide a systematic
approach to improve interdisciplinary research, for which
we propose a framework, in the form of a series of ques-
tions, based on new insights from the philosophy of sci-
ence into the epistemology of interdisciplinary research.
We provide a detailed explanation of the application of
the proposed framework in an interdisciplinary medical
research project to illustrate its applicability in a multi-
disciplinary research collaborations, by showing that the
different disciplinary perspectives that inform research-
ers and technicians within a multidisciplinary research
team can be made transparent in a systematic way.

In short, our intended contribution is (i) to explain cogni-
tive and epistemological barriers by introducing the concept
of disciplinary perspectives in medical research collabora-
tions, (i) to offer a framework that enables the mitigation of
these barriers within interdisciplinary research projects that
are caused by different disciplinary perspectives, and (iii) to
illustrate the applicability of this framework by a concrete
case of an interdisciplinary research collaboration in a medi-
cal-technical research setting.

Methods

We developed a framework for making disciplinary per-
spectives of experts participating in an interdisciplinary
research collaboration explicit, by combining insights
from the philosophy of science with practical experi-
ence from a medical research project. Philosophy of sci-
ence provided the theoretical basis for our concept of
disciplinary perspectives. Our detailed case-description
stems from an interdisciplinary medical research pro-
ject to develop and implement a new imaging tool for
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the diagnosis of kidney cancer, in which the first author
participated. We then applied the framework to analyze
and articulate the disciplinary perspectives of experts
involved in this interdisciplinary medical research
project.

The usefulness and applicability of the proposed frame-
work was tested by the first author who, in her role as P,
was able to use it successfully in coordinating an inter-
disciplinary research project aimed at developing a bio-
medical technology for clinical practice [35, 36]. Below,
we illustrate how the framework was systematically
applied to this specific case, providing initial evidence of
its applicability. However, to test whether the proposed
framework reduces the cognitive and epistemological
barriers caused by different disciplinary perspectives,
experts need to be trained in its use. We suggest that
training in the use of this framework requires, among
other things, some insight into the philosophical under-
pinnings of the concept of ‘disciplinary perspective. Our
explanation of the so-called epistemology of disciplinary
perspectives in this paper aims to provide such insight.

Developing a framework for analysing and articulating

a disciplinary perspective

The framework proposed here is based on insights about
disciplinary perspectives in the philosophy of science.
These insights concern an epistemology (a theory of
knowledge) of scientific disciplines. In other words, the
framework is based on an account of the knowledge-the-
oretical (epistemic) and pragmatic aspects that guide the
production of knowledge and scientific understanding by
a discipline [21].

The epistemology of scientific disciplines developed
in our previous work is based on the philosophical work
of Thomas Kuhn [37]. Building on his seminal ideas,
we understand disciplinary perspectives as analysable
in terms of a coherent set of epistemic and pragmatic
aspects related to the way in which experts trained in the
discipline (and who have thus, albeit implicitly, acquired
the disciplinary perspective) apply and produce knowl-
edge [38]. In our approach, the epistemic and pragmatic
aspects that generally characterize a discipline, are made
explicit through a set of questions that form the basis of
the proposed framework (see Table 1, and the first col-
umn of Table 2). The disciplinary perspective can thus be
revealed through this framework. In turn, when used in
educational settings, this framework can be used to fos-
ter interdisciplinary expertise by acting as a scaffold for
teaching and learning metacognitive skills for interdisci-
plinary research collaborations.”

% ie., a framework that enables us to think analytically and systematically

about our cognitive processes when we use and produce knowledge [39, 40].
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Table 1 Framework for analyzing a disciplinary perspective
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11 What is the overarching goal of the (disciplinary) professional or research practice?

2] What are the kinds of phenomena the discipline is typically interested in?

[
[
[3] What is the objective of research or investigation in the discipline (i.e., the objective of using and producing knowledge in this discipline)?
[

[
[
[
[

of interest?

]
]
]
4] What are the kinds of (mental or scientific) models or 'pictures’ to represent the knowledge about the phenomenon of interest?
5] Which theories and concepts about the phenomena of interest are typically used in this discipline?

6] Which methodology and (technological) instruments to explain or investigate the phenomena of interest are typically used in this discipline?
71 What are the practical constraints regarding the overarching goal of the practice?

]

8] Which are the epistemic and pragmatic criteria that the discipline aims to meet in using and producing (novel) knowledge about the phenomena

The general aspects indicated by italics in each ques-
tion in Table 1 are interdependent, so that analysis using
this framework results in a coherent description of the
disciplinary perspective in terms of these aspects. The
framework can be used by experts in an interdisciplinary
research project not only to make explicit their discipli-
nary perspective in a general sense, but to also to specify
in a systematic way how these aspects relate to the inter-
disciplinary research problem from their disciplinary dis-
cipline (see Table 2, which contains both the general and
problem-specific descriptions for each aspect per disci-
pline). In our view, this approach is productive in over-
coming the cognitive and epistemological barriers. It thus
contributes to productive interdisciplinary collaboration.

Applying the framework in an interdisciplinary medical
research project

To test the applicability of this framework, we applied
it to an interdisciplinary medical research project. The
interdisciplinary medical research project aimed at
developing a new clinical imaging tool, namely, diffusion
magnetic resonance imaging (i.e., diffusion MRI) to char-
acterize the micro-structural makeup of kidney tumours,
running from early 2014 to mid-2018. The first author
was involved in this project as a principle investigator
(PI). As an interdisciplinary expert with a background
in technical medicine, which combines medical training
with technological expertise [41], she coordinated and
integrated contributions from experts with medical and
engineering backgrounds. In her role as PI, she applied
the proposed framework to analyse and articulate the
disciplinary perspectives of other experts involved in the
medical research project.

The aim of the interdisciplinary medical research pro-
ject was to develop a new imaging tool for the charac-
terization of renal tumours, i.e., diffusion MRI. Diffusion
MRI allows for visualization and quantification of water
diffusion without administration of exogenous con-
trast materials and is, therefore, a promising technique
for imaging kidney tumours. In earlier studies, several
parameters derived from diffusion MRI studies were

found to differentiate between different tumour types in
the kidney [42-44]. Existing imaging methods in clini-
cal practice can detect the size and location of kidney
tumours, but the tumour type and malignancy can only
be determined histologically after surgery. The purpose
of the medical research project was to assess whether
more advanced parameters that can be obtained from
diffusion MRI [35, 45] can differentiate between malig-
nant and benign kidney tumours [36]. Being able to make
this distinction could potentially prevent unnecessary
surgery in patients with non-malignant tumours.

The interdisciplinary medical research project needed
to bring together expertise (knowledge and skills) from
different professionals, academic researchers as well as
clinicians. Therefore, the research team consisted of a
physicist, a biomedical engineer, a radiologist, a urologist
and the principle investigator. The complex, interdiscipli-
nary research object can be thought of as a system that
encompasses several elements: the MRI-machine, the
software necessary to produce images, the patient with a
(suspected) kidney tumour, and the wider practice of care
in which the clinical tool should function. In develop-
ing the clinical tool, these elements must be considered
interrelated, whereas usually each expert focuses on one
of these elements.

The PI utilized the framework to coordinate and inte-
grate the contributions from different experts in the
following manner. Throughout the project, she had meet-
ings with each of the team members, where she probed
them to explain their specific expertise in regard of the
research object, as well as their expert contribution to
the development of the imaging tool. Her approach in
these meetings was guided by the general questions of
the framework (Table 1). In this manner, she succeeded
in getting a clear insight in aspects of each discipline
relevant to the research object, and also in the specific
contribution that needed to be made by each expert (as
illustrated in Table 2 below). The level of understanding
gained by this approach enabled her to, firstly, facilitate
interdisciplinary team meetings in which disciplinary
interpretations and questions from the experts about the
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target system could be aligned, and secondly, integrate
their contributions towards the development of the new
imaging tool [36].

In the presented approach, the framework was exclu-
sively used by the PI, enabling her to acquire relevant
information and understanding about the contributions
of the disciplines involved. The other team members in
the medical research project were not explicitly involved
in applying the framework, nor in articulating their own
disciplinary perspective or that of others. Hence, the
resulting articulation of the disciplinary perspectives and
of the contributions per discipline to the research object
(in Table 2) is crafted by the PI. The level of understand-
ing of the role of each discipline that the PI has acquired
thereby appears to be sufficient to enable her coordinat-
ing task in this complex medical research project. Our
suggestion for other research and educational prac-
tices, though, is that clinicians (as well as) other medi-
cal experts can develop this metacognitive skill by using
the scaffold (in Table 1) in order to participate more
effectively in these kinds of complex medical research
projects.

In the results section we will first present our explana-
tion and justification of the idea that disciplinary per-
spectives determine the specific approaches of experts
(who have been trained in a specific discipline in using
and producing knowledge) when faced with a complex
problem. In this explanation and justification, we will
use insights from the philosophy of science. Next, we will
explain and illustrate the systematic use of the proposed
framework (Table 1) by showing the results of applying it
to the interdisciplinary medical research project.

Results

The insights from philosophy of science on which the
proposed framework for the explication of disciplinary
perspectives is rooted in insights of the philosophers
Immanuel Kant (1794-1804) and Thomas Kuhn (1922-
1996). Their important epistemological insight was that
‘objective’ knowledge of reality does not arise from some
kind of imprint in the mind, such as on a photographic
plate, but is partly formed by the concepts and theories
that scientists hold. These concepts and theories there-
fore shape the way they perceive the world and produce
knowledge about reality. This philosophical insight pro-
vides an important explanation for the cognitive and
epistemological barriers between disciplines. After all,
scientific experts learn these concepts and theories by
being trained within a certain discipline. In this way, they
develop a disciplinary perspective that determines their
view and understanding of reality. Based on this philo-
sophical insight, we can imagine how these barriers can
be bridged, namely by developing the metacognitive
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ability to think about their own cognition and how their
scientific view of reality is shaped by their specific disci-
plinary perspective. In order to facilitate this ability, we
develop a framework that can be used as a metacognitive
scaffold. Finally, we apply this framework to an example
interdisciplinary medical-technical research project, to
illustrate it’s use in practice.

Insights from the philosophy of science: disciplinary
perspectives

Boon et al. (2019) refer to the notion of disciplinary per-
spectives and their indelible role in how experts approach
problems —in particular, the ways in which experts use
and produce knowledge in regard of the problem they
aim to solve— and provide a philosophical account of this
notion based on so-called constructivist (Kantian) episte-
mology (i.e., knowledge-theory, [38, 46]). On a Kantian
view, ‘the world does not speak for itself] i.e., knowledge
of (aspects of) the external world is not acquired pas-
sively on the basis of impressions in the mind (physically)
caused by the external world (e.g., similar to how pictures
of the world are physically imprinted on a photographic
plate). Instead, the way in which people produce and use
knowledge results from an interaction between the exter-
nal world, the human senses and the human cognitive
system. Crucially, neither our concepts nor our percep-
tions stem from passive impressions. Instead, ‘pre-given’
concepts ‘in the mind’ are needed in order to be able to
perceive something at all and thus to produce knowledge
about reality. Conversely, according to Kant, the imagi-
native (i.e. creative) capacity of the mind is then able to
generate new concepts and to draw new connections of
which the adequacy and usability must be tested against
our experiences of reality. When new concepts (invented
by the creative capacity of the human mind) have been
tested against experience, they allow us to see new things
in the external world, which we would not see without
those concepts. This theoretical insight by Kant is crucial
to get past naive conceptions of knowledge, in particular,
by understanding the indelible role of concepts in gener-
ating knowledge from observations and experiences.

This philosophical insight already makes it clear, for
instance, that ‘descriptions of facts’ in a research pro-
ject involve discipline-specific concepts, making these
descriptions not easy to understand for someone who is
not trained in that discipline. After Kant, this role of con-
cepts has been expanded to the role of perspectives. For,
Kuhn [37] created awareness that the human mind plays
‘unconsciously’ and ‘unintentionally’ a much greater role
in the way scientific knowledge is created than usually
assumed in the view that scientific knowledge is objective.
Kuhn has introduced the concept of scientific paradigm
to indicate in what sense the mind contributes. His idea
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was revolutionary because the notion of true and objec-
tive knowledge, which is the aim of science, became
deeply problematic, as knowledge is only true and objec-
tive within the scientific paradigm, whereas it may even
be meaningless in another.

Our notion of disciplinary perspectives is in many
respects comparable to Kuhn’s idea of scientific para-
digm, and is certainly indebted to Kuhn’s invention, par-
ticularly, with regard to the idea that it is a more or less
coherent, usually implicit ‘background picture’ or ‘con-
ceptual framework, which constitutes an inherent part
of the cognitive system of an expert, and which forms
the basis from which an expert thinks, sees and investi-
gates in a scientific or professional practice. Furthermore,
the scientific paradigm is not ‘innate;, nor individually
acquired, but maintained and transferred in scientific
or professional practices, usually by being immersed in
it. The same can be said about disciplinary perspectives.
Yet, there are also important differences.

First, Kuhn believed that the paradigm is so deeply
rooted in the cognitive structure of individual scientists,
and, moreover, is embedded in how the scientific com-
munity functions, that it takes a scientific revolution
and a new generation of scientists to shift into another
paradigm, which is called a paradigm-shift (sometimes
explained as a Gestalt-switch). Kuhn’s belief suggests that
humans lack the capacity to reflect on their own para-
digm.® Conversely, we argue that humans can develop the
metacognitive ability to perform this kind of reflection
by which the structure and content of the paradigm or
disciplinary perspective is made explicit. We take this as
an important part of interdisciplinary expertise. Our sug-
gestion, however, should not be confused with the idea
that we can think without any paradigm or disciplinary
perspective — we can’t, but we can explicate its workings
(and adapt it), which is what we will illustrate in the case-
description below.

Second, Kuhn’s focus was science, i.e., the production of
objectively true scientific knowledge, in particular, theo-
ries. Instead, our focus is on experts trained in specific
disciplines, who use and produce knowledge with regard
to (practical) problems that have to be solved. Nonethe-
less, the Kuhnean insight explains why knowledge gen-
erated in distinct disciplines often cannot be combined
in a straightforward manner (e.g., as in a jigsaw puz-
zle), which is due to the fact that knowledge is only fully
meaningful and understandable relative to the discipli-
nary perspective in which it has been produced.

© Yet, we recognize that this belief was plausible in Kuhn’s era, where the
idea that humans (including scientists) are inevitably and indelibly guided
by paradigms and perspectives was revolutionary and devastating with
regard to the rational view of man. But nowadays we have become familiar
with this idea, which offers an opening for the metacognitive abilities that
we suggest.
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Our notion of disciplinary perspectives is similar to
Kuhn'’s idea of paradigm (which he specified later on as
disciplinary matrices) in the sense that a paradigm func-
tions as a perspective or a conceptual framework, i.e., a
background picture within which a scientific or profes-
sional practice of a specific discipline is embedded and
which guides and enables this practice. But instead of
considering them as replacing each other in a serial his-
torical order as Kuhn did, we assume that disciplinary
perspectives co-exist, that is, exist in parallel instead
of serial. This view on disciplinary perspectives can be
elaborated somewhat further by harking back to Ludwik
Fleck [47], a microbiologist, who already in the 1930s
developed a historical philosophy and sociology of sci-
ence that is very similar to Kuhn’s (also see [48]).” Similar
to and deeply affected by Kant, Fleck draws a close con-
nection between human knowledge (e.g., facts) and cog-
nition. Hence, Fleck disputes that facts are descriptions
of things in reality discovered through properly passive
observation of aspects in reality — which is why, accord-
ing to Fleck, facts are invented, not discovered. Similar to
Kuhn, Fleck expands on Kant by also including the role
of the community in which scientists and experts are
trained. Instead of paradigms, however, Fleck uses the
terms thought styles and thought collectives to describe
how experts in a certain professional or academic com-
munity adopt similar ways of perceiving and thinking
that differ between disciplines: “The expert [trained in
the discipline] is already a specially moulded individual
who can no longer escape the bonds of tradition and of
the collective; otherwise he would not be an expert” ([47],
p. 54). But while Kuhn strove to explain radical changes
in science, Fleck’s focus is on ‘normal science, that is, on
communities (thought collectives each having their own
thought style) that co-exist and gradually, rather than rad-
ically, change, which is closer to our take on disciplines.
Importantly, according to Fleck, the community guides
which problems members of that communities find rel-
evant and how they approach these problems. Translated
to our vocabulary, in scientific and professional practices,
experts trained in different disciplines each have different
disciplinary perspective, by means of which they recog-
nize different aspects and problems of the same so-called
research object, which they approach in accordance with
their own discipline.

We propose that disciplinary perspectives can be ana-
lysed and made explicit, which we consider a crucial
metacognitive skill of interdisciplinary experts. Our
proposal for the framework to analyse disciplinary per-
spectives (in Table 1) takes its cue in Kuhn’s notion of

7 To scholars in HPE, we recommend the entry on Ludwik Fleck in the
Stanford Encyclopedia of Philosophy [49].
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disciplinary matrices. Kuhn’s original notion presents
a matrix by which historians and philosophers can ana-
lyse the paradigm in hindsight, specifying aspects such as
the metaphysical background beliefs and basic concepts,
core theories, epistemic values, and methods, which all
play a role in how knowledge is generated (also see [8,
50]). Our framework includes some of these aspects, but
also adds others, thereby generating a scaffold that facili-
tates interdisciplinary collaborations aimed at applying
and producing knowledge for complex problem-solving
in professional research practices aimed at ‘real-world’
practices, such as medical research practice. Below, we
will illustrate the application of this framework in a con-
crete case.

Interdisciplinary research project: diffusion MRI

for the diagnosis of kidney tumour

We will illustrate the applicability of the proposed frame-
work (Table 1) for the analysis of disciplinary perspec-
tives using the example of a research project that aims
to develop a new clinical imaging tool, namely, diffusion
MRI to characterize the microstructure of renal tumours.
In our analysis, we focus on experts from four differ-
ent disciplines: (I) clinical practice, (II) medical biology,
(III) MRI physics, and (IV) signal and image process-
ing. As indicated in the methods section, the complex,
interdisciplinary research object that these experts have
to deal with concerns a system consisting of the MRI-
machine, the software necessary to produce images, and
the patient with a (suspected) renal tumour, including the
broader care practice in which the clinical tool should
function.

In the following paragraphs we will first present a gen-
eral explanation of the four disciplines involved in the
project, and next, illustrate how the proposed framework
can be applied to analyse and articulate each disciplinary
perspective as well as the specific contribution of each
discipline to the research object (in Table 2). It is not
our intention to provide comprehensive descriptions of
the fields that are involved, but rather to provide insight
into how the fields differ from each other across the ele-
ments of our framework. In addition, we do not believe
that all (disciplinary) experts only adhere to one discipli-
nary perspective. For example, clinicians usually combine
both a clinical and biomedical perspective to fit together
a complete picture of a patient for clinical decision-mak-
ing concerning diagnosis and treatment [51-53]. Moreo-
ver, MRI engineers will usually need to combine insights
from MRI physics and signal processing.

1. Clinical practice concerning patients with renal tumours
Clinical practice concerns the patient with a renal
tumour. This practice differs from the other disciplines in
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our example, because it is not primarily a scientific disci-
pline. Nonetheless, to develop a diagnostic tool, the dis-
ciplinary perspective of clinicians specialized in patients
with kidney tumours is crucial, for example, to determine
the conditions that the technology needs to meet in order
to be useful for their clinical practice. The knowledge-
base of clinical experts is rooted in biomedical sciences,
which means that clinical experts often understand their
patient’s signs and symptoms from a biomedical perspec-
tive (i.e., in terms of tumour formation of healthy renal
physiology). Yet, clinicians will usually focus on their
patient’s clinical presentation and possible diagnostic
and clinical pathways. In clinical practice, several kid-
ney tumour types are distinguished, each with its own
histological presentation (visible under the microscope),
tumour growth rate and chance of metastases. Unfortu-
nately, all kidney tumour types, including non-malignant
types, appear the same on standard imaging modalities,
namely, as solid lesions. When the tumour is not metas-
tasized, treatment consists of surgery removing the whole
kidney or the part of the kidney that contains the tumour
(i.e., ‘radical’ or ‘partial’ nephrectomy). If surgery is not
possible, other treatments include chemotherapy or radi-
ation. After surgery, a pathologist examines the tumour
tissue to determine the tumour type. Occasionally, the
pathologist concludes that the removed tumour was non-
malignant, which is a situation that may be prevented if
diffusion MRI can be used to distinguish between malig-
nant and non-malignant tumours prior to surgery.

Il. Medical biology

In biology, the structure and working of the body is stud-
ied at several levels, from the interaction of proteins and
other macromolecules within cells to the functioning of
organs. In the case at hand, the organ of interest is the
kidney. Functions of the kidneys are excretion of waste
materials, control of blood pressure via hormone excre-
tion, balancing the body fluid, acid-base balance and
balancing salts by excretion or resorption of ions. Under-
standing these functions requires insights into the anat-
omy, tissue architecture and physiology of the kidneys.
The main functional structures of the kidney are: (1) the
nephron, consisting of a tuft of capillaries (the glomeru-
lus) surrounded by membranes that are shaped like a cup
(Bowman’s capsule), responsible for the first filtration
of water and small ions, and (2) the renal tubule that is
responsible for more specific resorption and excretion of
ions and water. The arrangement of small tubes that fan
from the centre towards the outside (or cortex) of the
kidneys allows maintaining variation in concentrations
of ions, which helps to regulate resorption and excretion.
The contribution of medical biology to the development
of the diagnostic tool is important because knowledge
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about kidneys such as just sketched provides an under-
standing of the properties (i.e., microstructural of physi-
ological properties) by which different tumour types can
be distinguished from each other, which is crucial to
interpreting the novel diagnostic imaging technology.

lll. MRI physics & diffusion MRI

Magnetic resonance imaging is based on the physics of
magnetism and the interaction of tissue components with
radio magnetic fields. The main component of the human
body that clinical MRI machines are sensitive to is (the
amount of) water molecules or, more specifically, hydro-
gen nuclei (protons). These protons can be thought of as
rotating or spinning, producing (tiny) magnetic fields. By
placing tissue in a relatively strong magnetic field (usu-
ally 1.5 or 3 Tesla emitted by a large coil that surrounds
the body), the tiny magnetic fields of protons (in the
water-phase of the tissue) will align themselves with the
direction of the strong magnetic field. By then applying
a series of radiofrequency pulses, protons will be pushed
out of balance and rotate back to their original state,
causing a magnetic flux that causes a change in voltage
which is picked up by receiver coils in the MRI machine.
The rate with which protons return to their original state,
the relaxation time, is influenced by the makeup of their
environment, and will, therefore, differ for different tis-
sues, resulting in image contrasts between tissues. To be
able to form images of the signal, magnetic field gradi-
ents are applied, spatially varying the field which enables
to differentiate between signals from different locations.
Computer software using mathematical formulas ‘trans-
late’ the signal into a series of images.

Diffusion MRI is a subfield of MR imaging, that is
based on a contrast between ‘diffusion rates’ of water
molecules in different tissues. Diffusion is based on the
random (‘Brownian’) motion of water molecules in tis-
sue. This motion is restricted by tissue components such
as membranes and macromolecules and therefore water
molecules move (or ‘diffuse’) at different rates in differ-
ent tissues, depending on the microstructure of tissues.
To measure this, additional magnetic field gradients are
applied, which results in a signal attenuation propor-
tional to the diffusion rate, as water molecules move (‘or
diffuse’) out of their original voxel due to diffusion.

The method for acquiring diffusion-weighted images
with an MRI machine (i.e., the ‘acquisition sequence’ of
applying radiofrequency pulses and switching gradients
on and off) is designed to gain sensitivity to the water
molecules diffusing from their original location. The
measured diffusion coefficient is considered to be related
to microstructural properties of the tissue, namely the
density of tissue structures such as macromolecules and
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membranes that restrict water diffusion. Together with
other diffusion parameters that can be obtained by fit-
ting the signal to other functions or ‘models, the diffusion
coeflicient can be used to characterise and distinguish
between different (tumour) tissue types, which is the aim
of this new imaging tool.

IV. Signal and image processing

The signal acquired by MRI machines undergoes many
processing steps before they appear as images on the
screen. Some of these steps are performed automati-
cally by the MRI system while others require standard-
ized operations in the software package supplied by the
manufacturer, and yet other, more advanced, manipula-
tions are performed in custom-made programs or soft-
ware packages developed for specific research purposes.
In the field of diffusion MRI, software packages that per-
form the most common fitting procedures are available
but often custom-made algorithms are required. The
reason for this is that diffusion MRI is originally devel-
oped for brain imaging, while investigating its feasibility
in other organs has started more recently and only makes
up a small part of the field. New applications generate
new challenges. For example, unlike the brain, kidneys
(and other abdominal organs) move up and down as a
consequence of breathing. Therefore, specific algorithms
manipulating the scan to correct for this respiratory
motion are required for diffusion MRI of the kidneys.
Furthermore, as tissue structure and physiology in the
kidneys differ from that in the brain, existing models
need to be adjusted to that of the kidney.

Discussion

In this paper, we have argued that interdisciplinary col-
laboration is difficult because of the role of experts’
disciplinary perspective, which shapes their view and
approach to a problem and creates cognitive and episte-
mological barriers when collaborating with other disci-
plines. To overcome these barriers, disciplinary experts
involved in interdisciplinary research projects need to
be able to explicate their own disciplinary perspective.
This ability is part of what is known as interdisciplinary
expertise [8]. We defend that interdisciplinary expertise
begins with creating awareness of the role of disciplinary
perspectives in how experts view a problem, interpret it,
formulate questions and develop solutions.

Analytical frameworks to guide interdisciplinary
research processes previously developed by other authors
typically focus on the process of interdisciplinary collabo-
ration [9-15]. The approach we propose here contributes
to this literature by addressing the deeper cognitive and
epistemological challenges of interdisciplinary research
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collaboration on the role of the disciplinary perspec-
tive as an inherent part of one’s expertise [5, 16]. Several
authors have already used the concept of ‘disciplinary
perspectives’ to point out the challenges of interdiscipli-
nary research (e.g., [9, 15]). Our contribution to this lit-
erature is the idea, based on philosophical insights into
the epistemology of interdisciplinary research, that dis-
ciplinary perspectives can be made explicit, and next, to
provide an analytical framework with which disciplinary
perspectives within an interdisciplinary research con-
text can be systematically described (as in Table 1) with
the aim of facilitating interdisciplinary communication
within such research projects.

Our further contribution is that we have applied this
framework to a concrete case, thereby demonstrating
that disciplinary perspectives within a concrete interdis-
ciplinary research project can actually be analyzed and
explicated in terms of a coherent set of elements that
make up the proposed framework. The result of this anal-
ysis (in Table 2) shows a coherent description of the dis-
cipline in question per column, with an explanation per
aspect of what this aspect means for the interdisciplinary
research project. It can also be seen that the horizontal
comparison (in Table 2) results in very different descrip-
tions per aspect for each discipline. We believe that this
example demonstrates that it is possible to explain the
nature of a specific discipline in a way that is accessible
to experts from other disciplines. We do not claim, there-
fore, that this table is an exhaustive description of the
four disciplines involved. Instead, our aim is to show that
the approach outlined in this table reduces cognitive and
epistemological barriers in interdisciplinary research by
enabling communication about the content and nature of
the disciplines involved.

We suggest that educators can explore how the frame-
work and philosophical underpinning can be imple-
mented in HPE to support the development of students’
interdisciplinary expertise. Much has been written, espe-
cially in the engineering education literature, about the
importance of interdisciplinarity and how to teach it. A
recent systematic review article shows that the focus of
education aimed at interdisciplinarity is on so-called soft
skills such as communication and teamwork. Project-
based learning is often used to teach the necessary skills,
but without specific support to promote these skills [7].
In our literature review on education for interdisciplinar-
ity [54-77], we did not find any authors who specifically
address the cognitive and epistemological barriers to
interdisciplinary collaboration as described in our arti-
cle. One possible reason for this is that current epistemo-
logical views on the application of science in real-world
problem-solving contexts, such as the research project
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presented here, do not recognise the inherent cognitive
and epistemological barriers philosophically explained in
this article [78]. The novelty of our approach is therefore
our emphasis on the epistemological and cognitive barri-
ers between disciplines that result from the ineradicable
role of disciplinary perspectives in the discipline-bound
way in which researchers frame and interpret the com-
mon problem. This makes interdisciplinary commu-
nication and integration particularly difficult. Specific
scaffolds are needed to overcome these barriers. The
framework proposed here, which systematically makes
the disciplinary perspective explicit, aims to be such a
scaffold. We therefore argue that much more attention
should be paid to this specific challenge of interdisci-
plinary collaboration in academic HPE education. This
requires both an in-depth philosophical explanation that
offers a new view of scientific knowledge that makes clear
why interdisciplinary research is difficult, and learn-
ing how to make disciplinary perspectives explicit, for
which the proposed framework provides a metacognitive
scaffold.

We have implemented this framework in a newly
designed minor programme that uses challenge-based
learning and aims to develop interdisciplinary research
skills. In this minor, small groups of students from dif-
ferent disciplines work on the (interdisciplinary) analysis
and solution of a complex real-world problem. A num-
ber of other scaffolds focused on the overarching learn-
ing objective have been included in the educational
design, which means that the framework proposed here
cannot be tested in isolation. Although our research
into whether this new educational design achieves the
intended learning goal is not yet complete, our initial
experience of using the framework is positive. Students,
guided by the teacher, are able to use the framework in
their interdisciplinary communication - first in a general
sense to get to know each other’s disciplines and then
within their research project. This implies that the frame-
work is useful in education aimed at learning to conduct
interdisciplinary research.

This example, where the framework has been imple-
mented in education aimed at developing interdisci-
plinary research skills, also shows that although it was
developed in the context of a medical-technical research
project, it is in fact very general and well suited for any
interdisciplinary research.

A critical comment should be made regarding our pre-
liminary evidence of the framework’s usefulness. The
first author, who was PI of the interdisciplinary medical
research project, in which she applied this framework in
her role as coordinator, was also involved in the devel-
opment of the framework [35, 36]. She, therefore has a
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detailed insight into the theoretical underpinnings of
the framework in relation to its intended application.
The lack of such a theoretical background may make it
more difficult to apply the framework in interdisciplinary
research.® Which is why we have provided an extensive
elaboration of these underpinnings in this paper.

Further research should address the question of
whether this scaffold can facilitate interdisciplinary col-
laboration between disciplinary experts.

Further research is also needed to systematically ana-
lyse the value of this framework in HPE education. This
starts with the question of what type of educational
design it can be successfully implemented in. Other
important questions are: Can interdisciplinary exper-
tise be acquired without knowledge of the other disci-
pline (e.g., biomedical engineering)? In other words, how
much education in other disciplines should HPE provide
to prepare experts to participate in specific interdiscipli-
nary collaborations?

Furthermore, we emphasize that in addition to learning
to use this framework as a metacognitive scaffold to gain
a deeper understanding of the epistemological and cog-
nitive barriers, students also need to develop other skills
necessary for interdisciplinary research collaboration
and working in interdisciplinary teams. The frameworks
discussed in our introduction that analyse and guide the
interdisciplinary research process provide insights into
these skills (e.g. [9-12] and [54-77]).

We suggest that the article as a whole can be used in
such educational settings to achieve several goals, pro-
vided that students are guided and coached by educators.
First, to foster student’s understanding of the epistemo-
logical challenges of interdisciplinary collaboration and
to recognize that these challenges are usually underesti-
mated and not addressed in most approaches. Second, by
providing insights into the epistemological challenges by
outlining the philosophical underpinnings, students will
be made aware of having a disciplinary perspective and
how it guides their work. Finally, by providing a frame-
work that can be used to analyse these disciplinary per-
spectives and by providing an example from the case
description. When successful, this approach encourages
students to developing transferrable skills that can be
used in research projects beyond the initial educational
project.

8 The point made here touches on a more fundamental issue that is beyond
the scope of this article. Namely, that resistance of students, but also of
teachers, to the described approach may have to do with more traditional
epistemological beliefs about science that do not fit well with the way sci-
entific research works in practice [78, 79]. The philosophical underpinnings
of the proposed framework explained in this article suggest alternative epis-
temological beliefs that are more appropriate for interdisciplinary research
aimed at (complex) ‘real-world’ problems.
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Conclusions

Interdisciplinary research collaborations can be facili-
tated by a better understanding of how an expert’s dis-
ciplinary perspectives enables and guides their specific
approach to a problem. Implicit disciplinary perspectives
can and should be made explicit in a systematic manner,
for which we propose a framework that can be used by
disciplinary experts participating in interdisciplinary
research projects. With this framework, and its philo-
sophical underpinning, we contribute to a fundamental
aspect of interdisciplinary collaborations.
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