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Abstract
Global sustainability challenges transcend disciplines and, therefore, demand interdisciplinary approaches that are charac-
terized by cross-disciplinary collaboration and integration across disciplines. In accordance with this need for interdisci-
plinary approaches, sustainability professionals have been reported to require interdisciplinary competencies. Although the 
necessity of interdisciplinary competencies is generally agreed upon, and there has been extensive research to understand 
competencies for interdisciplinarity, there is still no comprehensive understanding of how individual competencies shape the 
ability to integrate knowledge across disciplines. Therefore, based on empirical research and literature review, we propose 
a novel framework to understand competencies for interdisciplinarity. The empirical data were collected through written 
reflection and interviews with 19 students in the context of an interdisciplinary master’s course. We describe four typical 
behaviours—naïve, assertive, accommodating, and integrative. Based on these behavioural typologies, we define two sets of 
competencies that collaborators require to engage in interdisciplinary knowledge integration: Epistemic Stability (ES) and 
Epistemic Adaptability (EA). ES competencies are the competencies to contribute one’s own academic knowledge, such as 
theoretical and methodological grounding in one’s own field and confidence, and EA competencies are the competencies to 
engage with academic knowledge contributed by others, such as curiosity, openness and communicative skills. Our findings 
show that interdisciplinary knowledge integration requires ES and EA competencies. Our framework for interdisciplinary 
competencies offers insights for revising and designing more interventions to prepare (future) professionals for interdisci-
plinary work on sustainability issues, providing insights on criteria for assessment, management, and training.
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Introduction

Society faces an increasing number of complex sustain-
ability challenges, such as climate change, pollution, social 
segregation, and inequality in wealth, health, and well-
being—all of which transcend academic disciplines (Holm 
et al. 2013; Jerneck et al. 2011; McArthur and Sachs 2009). 
Due to their complex and multifaceted nature, these issues 
demand knowledge that goes beyond what individual (dis-
ciplinary) researchers and practitioners hold (Ryser et al. 

2009). Therefore, they require collaboration between pro-
fessionals from different academic fields: cross-disciplinary 
teamwork (Fiore 2008). Cross-disciplinary collaboration 
takes multiple forms such as multidisciplinarity and inter-
disciplinarity. To address real-world sustainability issues 
effectively and holistically, cross-disciplinary teamwork 
should be in service to practice, meaning that societal needs 
inform disciplinary representation and collaboration as to 
achieve more relevant outcomes (Clark et al. 2016; Donald-
son et al. 2010; Miller 2013; Robinson 2008). To achieve 
this, knowledge should not merely be combined through 
accumulation, mechanistic pooling, and juxtaposition as 
is the case in multidisciplinarity (Klein 2017). But rather, 
new knowledge should be generated to create new, more 
extensive, and more relevant understanding that goes beyond 
what any individual disciplinary perspective can contribute 
(Klein 2017; Mansilla 2005). This knowledge integration 
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distinguishes interdisciplinarity from multidisciplinarity 
(Klein 2017).

Interdisciplinary knowledge integration depends on the 
representation of diverse knowledge—in terms of theories, 
approaches, and methods—to address sustainability issues 
holistically, as diversity in cross-disciplinary teams allows 
for more comprehensive understanding (Klein 2017; Drach-
Zahavy and Somech 2001). This requires harnessing dif-
ferences to use the diversity of knowledge as a resource to 
cross-disciplinary work (Bammer 2013). Yet, at the same 
time, this diversity also poses its main challenge (Cronin 
and Weingart 2007; Luan et  al. 2016; Majchrzak et  al. 
2012). This means that interdisciplinary knowledge inte-
gration poses an inherent trade-off: the greater the disci-
plinary diversity in the team (including the number of dis-
ciplines involved, distribution of disciplinary perspectives 
across team members, and degree of dissimilarity among 
the disciplines), the more promising it is in terms of inno-
vation and comprehensiveness to address complex issues, 
but also the more challenging it is to overcome the incom-
mensurabilities (Crowley and O’Rourke 2020; Salazar et al. 
2012). Researchers are socialized in their respective fields 
and research communities and tend to hold disparate science 
views, characterized by beliefs and assumptions that differ 
epistemologically—i.e., in terms of how to create knowledge 
and how to support knowledge claims—and ontologically—
i.e., in terms of how research represents the inherent nature 
of the world (Knorr Cetina 1999; Eigenbrode et al. 2007; 
MacLeod 2018; Moon et al. 2021). Moreover, fields also 
differ in their practices, and styles of thinking, presenting, 
and questioning, which are likely to cause tensions and disa-
greements in interdisciplinary teamwork and so hamper inte-
gration (Strober 2006; Morse et al. 2007; MacLeod 2018).

Navigating these disciplinary differences requires 
competencies that researchers and practitioners do not 
self-evidently possess (Brown et al. 2015; Cairns et al. 
2020; Larson et al. 2011; Salas et al. 2018; Salgado et al. 
2018; Strober 2006). Without training in interdisciplinar-
ity, cross-disciplinary collaboration may be devoid of dis-
ciplinary perspectives (Mansilla et al. 2009), or remain 
limited to monodisciplinary or multidisciplinary processes 
and outcomes and thus lack the necessary integration to 
address sustainability issues holistically (Mansilla et al. 
2009; Richter and Paretti 2009; Roy et al. 2020). Equip-
ping (future) professionals for interdisciplinary work thus 
requires explicit training in interdisciplinary competencies 
(Di Giulio and Defila 2017; Fiore et al. 2019; Godemann 
2006; Roy et al. 2020). As the university trains future pro-
fessionals, higher education plays a key role in educating 
responsible leaders, managers and change agents for the 
transition towards a more sustainable society (Godemann 
2006; Hesselbarth and Schaltegger 2014; Garcia et al. 

2006; Mossman 2018; Osiemo 2012; Palma et al. 2011). 
In response to the growing awareness of this need for com-
petence-building, higher education is paying increasing 
attention to competency-based training to prepare (future) 
professionals to address sustainability holistically (Ashby 
and Exter 2019; Barth et al. 2007; Brundiers et al. 2021; 
Parker 2010). But although interdisciplinary competen-
cies are acknowledged as essential to sustainability work 
and learning (Brundiers et al. 2021; Vajaradul et al. 2021; 
Wiek et al. 2011), they remain poorly understood. For 
instance, some authors list ‘interdisciplinary competency’ 
as one of many competencies necessary for sustainability 
work (Barth et al. 2007), which seems to suggest that it 
is a single thing, whereas others argue that competence in 
interdisciplinarity requires a vast array of different com-
petencies that need to be further unpacked to make suf-
ficient sense of them to inform the design of training and 
education that targets these competencies (Parker 2010). 
A wealth of literature lists interdisciplinary competencies, 
and provides insight into specific knowledge, skills and 
attitudes that are necessary for interdisciplinary teamwork 
(e.g., Guimarães et al. 2019; Nash et al. 2003; Nurius and 
Kemp 2019). But the literature does not offer much insight 
into how different competencies relate to each other and 
collectively shape the competence to engage in interdisci-
plinary knowledge integration (Parker 2010). Designing 
and implementing training with the explicit intention to 
build interdisciplinary competencies to address sustain-
ability issues holistically in cross-disciplinary teams 
requires that these competencies are better understood.

In this paper, we aim to break new ground in under-
standing competencies for interdisciplinary knowledge 
integration by providing insight into typical behaviours 
of individuals in the context of cross-disciplinary collabo-
ration and by offering a new conceptualization of the com-
petencies interdisciplinary knowledge integration requires. 
We further this under-theorized field by answering the 
question of how competencies shape individuals’ ability to 
engage in interdisciplinary knowledge integration, which 
is the defining characteristic of interdisciplinary teamwork 
(Klein 2017). To do so, we combine insights from litera-
ture with empirical findings in the context of an interdis-
ciplinary master’s course. In the context of this course, we 
identified four typical behaviours which are indicative of 
two defining sets of competencies required for interdisci-
plinary knowledge integration. Together, these behaviours 
and corresponding competencies provide a framework to 
gain insights into how competencies shape interdiscipli-
nary teamwork. These insights are relevant to educators, 
researchers, and practitioners, offering criteria for assess-
ment, management and intervention in developing training 
in competencies for interdisciplinarity.
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Materials and methods

To build onto knowledge and generate new theoretical 
insights into how competencies shape individual ability 
to engage in interdisciplinary teamwork for knowledge 
integration in sustainability, we applied an explora-
tory research design based on abductive reasoning. This 
approach involved a continuous process of moving back 
and forth between data and theory to produce a new frame-
work (Kovács and Spens 2005; Van Breda and Swilling 
2019). This iterative process is further explained in the 
data analysis section below. Such an in-depth approach 
makes it possible to richly describe and understand indi-
vidual behaviour and competencies and how these shape 
knowledge integration in cross-disciplinary teamwork.

To understand how students’ behaviours and competen-
cies shaped interdisciplinary knowledge integration, we 
analysed the students’ behaviours through observations 
and their reflections on their own and their peers’ behav-
iours through written reflection exercises and interviews. 
Although we examined their behaviour in the context of 
an interdisciplinary course in which they collaborated 
in cross-disciplinary teams, the unit of analysis is thus 
the individual student—we describe their behaviour and 
corresponding competencies in the context of cross-dis-
ciplinary collaboration. For the purpose of this study, we 
operationalized interdisciplinary knowledge integration 
as the process of building shared understanding in which 
the knowledge contributed by different individuals from 
different academic backgrounds is represented and related 
to each other, and new meaning emerges that none of the 
people held prior to the interaction (Klein 2017; O’Rourke 
et al. 2016). In studying the students’ behaviours and cor-
responding competencies, we did not focus on the develop-
ment of competencies that they demonstrated throughout 
the course. Although we observed that their behaviours 
were relatively stable throughout the course—in the end, 
the scope of an eight-week course is limited—we did 
observe that students could behave differently at different 
moments, likely due to contextual factors and learning. In 
our analysis, we focused on describing different relatively 
stable patterns of behaviour in different students and at 
different instances to understand the diversity of behaviour 
exhibited, rather than the learning that took place in our 
student cohort. As such, we do not zoom in on changes 
in behaviour over time, but rather consider the observa-
tions in this relatively short course as a snapshot of their 
behaviour.

Study design and context

In abductive studies, it is critical to select a research set-
ting where the phenomenon examined is highly salient, to 
ensure sufficiently detailed and rich data collection on dif-
ferent dimensions of the underlying phenomenon (Le Gall 
and Langley 2015). We chose the course “Interdisciplinary 
Community Service Learning: Defining Challenges in a 
Multi-Stakeholder Context” (iCSL) at the VU Amsterdam 
in the Netherlands for this study. As this course focuses 
on familiarizing students with interdisciplinary collabora-
tion and knowledge integration, it provides an excellent 
setting to study student competencies in interdisciplinary 
knowledge integration prior to receiving explicit training 
in these competencies. In the course, students collabo-
rated in two cross-disciplinary teams (one of 7 and one 
of 12 students) on a joint project to describe a complex 
sustainability issue (such as waste management and inclu-
sive technologies for health and well-being) from different 
academic as well as non-academic perspectives. One of 
the learning goals of the course is for students to become 
familiar with, and gain practical experience in, interdisci-
plinary research. Several choices were made in designing 
the course to support interdisciplinary collaboration and 
learning. To stimulate an ongoing conversation among stu-
dents, all meetings centred around interactive exercises 
that took place in smaller subgroups of three to four stu-
dents, which included mind-mapping assignments, group 
reflections, and an interdisciplinary journal club in which 
the students read and discussed papers from each other’s 
fields. As neither theory nor practice would be enough 
by themselves to train students in interdisciplinarity (Di 
Giulio and Defila 2017), the course included weekly writ-
ten reflection exercises to further enhance interdisciplinary 
learning. The course requires 84 h of coursework, spread 
out over 8 weeks, which included weekly 2-h meetings, 
online preparation, and project work.

Students from any master’s programme at this univer-
sity could enroll in the course, and students were actively 
recruited to guarantee a diverse and balanced student cohort. 
In total, 19 students completed the course. They were from 
12 different master’s programmes, representing six of 
the nine faculties at the VU Amsterdam: science (n = 8), 
humanities (n = 5), business and economics (n = 3), medi-
cine (n = 1), social sciences (n = 1), and religion and theol-
ogy (n = 1). To ensure the anonymity of students involved 
in the courses we refer to the students’ study backgrounds 
only in broad categories: health and life sciences (n = 2); 
exact sciences (n = 2); management studies (n = 3), social 
sciences (n = 2), humanities (n = 4), and interdisciplinary 
programmes (n = 6). The category of interdisciplinary pro-
grammes was added, because not all master’s programmes fit 
into a single category, and because it was found relevant to 
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the findings that some students are also explicitly trained for 
interdisciplinarity in their own master’s programme. Defin-
ing the students’ backgrounds in these broad categories ena-
bled us to distinguish to some extent between the different 
disciplinary perspectives of the students and the extent of 
interdisciplinary training they received prior to the iCSL 
course. It is, however, important to note that even within 
these categories we observed substantial diversity, such as 
students with more or less specialized prior education, and 
different breadth of the interdisciplinary programs. It should 
be noted that the programmes that students are enrolled in do 
not necessarily map directly onto disciplines, and disciplines 
are not straightforward categories themselves to begin with 
(Klein 1983). All respondents are referred to by randomized 
numbers and as women, although the cohort consisted of ten 
female and nine male students.

Data collection

To understand competencies for interdisciplinary knowledge 
integration, in this study, we collected data from different 
sources to capture student knowledge integration behav-
iour, and to triangulate between sources and perspectives. 
It is important to note that the data collected was not aimed 
at assessing the mastery of a given set of competencies. 
Rather, we set out to understand how competencies shape 
interdisciplinary knowledge integration. We defined com-
petencies as repertoires of capabilities, activities, processes 
and responses that enable individuals to meet the demands 
for interdisciplinary collaboration and knowledge integra-
tion (Kurz and Bartram 2002). This definition is highly 
outcome-focused, defining competencies as a function of 
the success in demonstrating the behaviour that a situation 
demands (Heinsman et al. 2007). As such, behaviour can be 
considered a direct derivative of competencies and thus a 
reliable indicator of them (Heinsman et al. 2007). Therefore, 
we analysed students’ competencies for interdisciplinarity 
through their behaviour in the interdisciplinary course and 
collected data about their behaviour through observations 
(by staff) and student reflections (oral and written) about 
their own and others’ behaviour.

As this study was conducted in the context of a univer-
sity course, learning activities and data collection were 
closely interwoven. For example, we analysed written 
student reflection exercises, conducted interviews that 
functioned as data collection as well as oral reflection 
exercises, and made observations during the course meet-
ings. Consequently, we as authors also had multiple roles, 
as we co-designed the course (AH, MZ), attended classes 
(AH, MZ), were a point of contact for students (AH), and 
conducted the oral reflection sessions (AH). This gave 
us very rich insights into the students’ experiences, from 
their comments and feedback at any moment during the 

course, as well as from our own direct experience. Moreo-
ver, this allowed us to triangulate between self-report in 
their reflections and behaviour that we observed in class. 
It should, however, be noted that the close connection 
between research and education and the overlapping roles 
of researcher and educator could also have affected the 
students’ behaviour. We did not get signals of students act-
ing more socially or in more pedagogically desirable ways, 
and we did not observe any differences in behaviour in the 
absence of teaching staff (as reported by students about 
each other) compared to when teaching staff were present; 
however, these cannot be ruled out and their possibility 
should be taken into consideration in making sense of the 
data in this study. Student participation in the study was 
voluntary and students could also participate in the course 
without participating in the study. All students who par-
ticipated in the study provided written informed consent 
about the collection of research data and could discontinue 
their participation in the study at any time, without con-
sequences for taking the course. It is worth mentioning 
that although participation in the study was voluntary, all 
students who took the course also opted in on participating 
in the study, and none withdrew their consent for the use 
of their data. As such, the data analyzed and reported on 
in this study represent the full student cohort of the course.

Reflection exercises

As part of the course, the students completed weekly 
online written reflection exercises. Each week, the reflec-
tion exercise consisted of a week-specific question, related 
to the week’s course content, and a general question about 
the students’ learning in that week of the course. The 
reflection exercises were completed in English.

Interviews

The oral reflection sessions between students and first 
author (AH) that took place in weeks five and six of the 
course were recorded as research data. In these semi-
structured interviews, we aimed to gain insight into the 
students’ perspectives about interdisciplinarity, their own 
(disciplinary) background, and the interactions with stu-
dents from other backgrounds. We prepared each inter-
view based on the student’s completed written reflection 
exercises. Each interview lasted for approximately 1 h. 
To allow students to best express themselves, we con-
ducted the interviews in Dutch when this was the student’s 
mother tongue (n = 11), and otherwise in English (n = 8). 
We audio-recorded the interviews and transcribed them 
verbatim.
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Observations

The first author (AH) attended all course meetings and kept 
a reflective journal of her observations during the meetings. 
Predefined topics about disciplinary collaboration (disci-
plinary differences, knowledge exchange, and integration) 
guided her reflections, complemented by open observations. 
Moreover, she gathered insights from other staff members 
through conversations which informed this study indirectly.

Data analysis

In line with the theory-building approach and aim of this 
study, we did not base our analysis on a preconceived con-
ceptual framework. Instead, we set out to develop a novel 
framework to contribute to the under-theorized topic of 
understanding interdisciplinary competencies. We followed 
an abductive reasoning approach, in which we analysed 
theory and empirical data through recursive iteration and 
continuous comparison (Le Gall and Langley 2015; Rid-
der 2017; Van Breda and Swilling 2019). In contrast to 
purely inductive approaches, we started with pre-existing 
conceptual ideas from substantive literature on interdiscipli-
nary collaboration. In this literature, a commonly described 
obstacle to interdisciplinary knowledge integration is the 
lack of interdisciplinary competencies, represented by the 
‘disciplinary expert’ who dominates discussions and asserts 
the primacy of their own discipline when exposed to experts 
from other fields in cross-disciplinary teams. (Brown et al. 
2015; Crowley and O’Rourke 2020; Morse et  al. 2007; 
Richter and Paretti 2009; Strober 2006). Thus, the ability to 
engage in interdisciplinary knowledge integration is com-
monly reported to be constrained by the absence of compe-
tencies necessary to understand and appreciate norms, theo-
ries, approaches and breakthroughs from other disciplines 
(Brown et al. 2015).

Based on these reports, we expected to observe this 
behaviour among our students. Although we indeed 
observed this type of behaviour in our student cohort, we 
also observed other behavioural patterns that we had not 
anticipated. We were particularly puzzled by the observa-
tion that some students held (overly) optimistic views of 
interdisciplinarity, were unaware of disciplinary differences, 
and were hardly involved in the content of the joint project. 
For this type of student, enhanced understanding and appre-
ciation of other disciplines would not suffice to succeed in 
knowledge integration. As this ‘type’ does not fit into the 
general rule of our initial theorizations, we dove into the 
literature on competencies for interdisciplinary collabora-
tion to construct plausible explanations to explain and better 
understand this type of student through an iterative process 
of theory matching. Thus, insights from the data guided fur-
ther exploration of literature to refine and further develop 

the understanding of the behavioural typologies, including 
the identification of other patterns that did not fit into them. 
From this iteration between literature and data, ‘sensitiz-
ing concepts’ emerged. These concepts helped us identify 
unexplored connections between constructs from existing 
literature (e.g., T-shaped researchers (McIntosh and Taylor 
2013), epistemic agility (Haider et al. 2018), methodologi-
cal groundedness (Haider et al. 2018), epistemic humility 
(Gardiner 2020)), giving us directions for further analysis 
of the data in order to understand and explain the behav-
ioural patterns that we observed. We repeated this iteration 
between the data, emergent concepts and relevant literature 
several times until definitive, empirically grounded concepts 
emerged that were also applied throughout the analysis of 
the empirical data. These concepts provide the basis for the 
conceptual framework of integrative competencies we pre-
sent in the results section.

Results

In this section, we present the results of our study. We start 
by describing four typical and within-student consistent 
patterns of behaviour that we observed among students in 
our course: naïve, assertive, accommodating, and integra-
tive behaviours. We describe how these typical behaviours 
manifest and how they affect team processes and knowledge 
integration. We illustrate these behavioural patterns through 
the use of examples from individual students in particular 
interaction, which are representative of the consistent pat-
terns that we observed. As competencies are defined by the 
ability to successfully demonstrate behaviour (Heinsman 
et al. 2007), we inferred which competencies these behav-
iours indicate. Then, we present a novel conceptualization of 
the competencies necessary for interdisciplinary knowledge 
integration. In our framework, we distinguish between two 
sets of competencies: Epistemic Stability (ES) and Epistemic 
Adaptability (EA). ES competencies allow collaborators to 
contribute their own unique knowledge to a collaboration. 
EA competencies, on the other hand, allow collaborators to 
engage with the knowledge contributed by others. Assertive 
behaviour is the result of high ES and low EA competency, 
whereas accommodating behaviour is the result of low ES 
and high EA. We show that interdisciplinary collaboration 
requires ES and EA competencies. We conclude the results 
section with more detailed definitions of these competency 
sets, including an overview of the competencies within each 
category.

Naïve

First of all, we observed behaviour that we call ‘naïve’. 
When we started our research to understand competencies 
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for interdisciplinary knowledge integration, the observa-
tion of this behaviour among our students surprised us. A 
wealth of literature stresses how challenging interdiscipli-
nary work is and how it potentially results in tensions and 
conflicts (e.g., Brown et al. 2015; Crowley and O’Rourke 
2020; Morse et al. 2007; Richter and Paretti 2009; Strober 
2006). But on many occasions, our students were actually 
very optimistic about interdisciplinary collaboration and 
reported that they did not foresee or encounter many chal-
lenges. For instance, they did not get into conflict and did not 
experience difficulties in dealing with disciplinary divides. 
When we set out to understand this behaviour, we observed 
that naïve behaviour was characterized by only contributing 
to the joint work through common knowledge, which pre-
vented conflict, but also caused the discussions and products 
to remain superficial. Moreover, their (overly) optimistic 
take on interdisciplinarity seemed to be rooted in the fact 
that they made sense of disciplines as focusing on different 
topics, rather than acknowledging that underlying values and 
assumptions vary wildly across disciplines. As such, they 
saw the advantages of interdisciplinary work—more diverse 
knowledge about the topic at hand—without being aware of 
its challenges—deeply rooted, persistent and fundamental 
differences of epistemological and ontological beliefs.

An example of a student in whom we observed naïve 
behaviour is S4, who has a humanities background. During 
in-class conversations, she contributed little of her own aca-
demic knowledge and asked few content-related questions of 
fellow students or teaching staff. She either remained quiet 
or contributed to the team discussions in a more process-
oriented way, by taking notes, relaying knowledge or taking 
on organizational tasks such as planning or dividing tasks. In 
the following quote one of her fellow students (S19) shares 
an experience with S4 during the journal club exercise:

“Yeah, I think, I first offered my opinion of what I 
thought the paper was about and how it applied and 
[S4] kind of agreed and then we ended up writing 
our key points on the sticky notes, based on what I 
said. But I didn't really hear if [she] had any other 
distinct opinions on it. [She] just kind of agreed and 
said: ‘Yeah that's pretty much the main point and that's 
what I get from it’”—Student 19 (interdisciplinary pro-
gramme) about Student 4 (humanities)

This description shows that S4 and S19 did not engage in 
interdisciplinary knowledge integration, as they settled for 
the explanation that S19 gave about the paper and S4’s view 
was not represented in their conversation. Consequently, the 
conversation remained superficial and does not generate new 
insights.

We observed a similar pattern during an exercise in 
which the students created a causal tree of the topic they 
were working on. A group of students discussed whether 

a certain concept is a cause or a consequence of plastics 
pollution. When they did not immediately agree with each 
other, they decided to place the concept in two different loca-
tions (both as cause and consequence) of the causal tree, 
rather than engaging in an in-depth discussion of what the 
concept means and why different people hold different opin-
ions. As they avoided addressing this difference of opin-
ion, they failed to realize the potential to learn about each 
other’s perspectives and to enrich their understanding of the 
topic. We saw that the students who exhibited naïve behav-
iour tended to avoid conflict rather than engage in construc-
tive disagreement about differences of opinion that could 
result in learning about different perspectives and enriching 
understanding.

Two additional characteristics that we observed to be typ-
ical of naïve behaviour are low awareness of and attention to 
disciplinary differences, and limited insight into the values 
and assumptions behind their own academic knowledge. 
These combine to yield low interdisciplinary consciousness 
(Kjellberg et al. 2018), which is illustrated by the following 
example of S11. She described that it is important for her 
that her research focuses on concrete solutions and has prac-
tical implications. She mentioned that some of the students 
in her group seemed to focus more on describing phenomena 
or problems rather than working towards practical solutions. 
When asked about what could be the rationale for her fellow 
students’ view, she said the following:

“See, maybe they just want to deliver a good report for 
the course, just describing the problem. Maybe they 
don’t necessarily feel like they have to deliver some-
thing that others can continue with. They just describe 
the whole problem, and that’s it. In the course we also 
don’t have to write something that has practical rel-
evance.”—Student 11 (exact sciences)

This quote demonstrates that S11 observed a difference 
between her and her fellow students in how they view the 
role of their research. Although teaching staff and other stu-
dents identified this as a difference rooted in different dis-
ciplinary backgrounds, S11 seemed unaware of this. Even 
when asked about it repeatedly and explicitly, she kept mak-
ing sense of the differences in terms of practical and social 
drivers, without connecting it to the values and assumptions 
related to their respective (disciplinary) backgrounds.

Taken together, collaboration that is characterized by 
naïve behaviour is seemingly smooth, because conflict is 
rare, collaborators are optimistic about interdisciplinar-
ity and are consequently motivated to do interdisciplinary 
work. This motivation and optimism seem to be rooted in an 
incomplete understanding of what interdisciplinary collabo-
ration entails which underestimates its challenges. As such, 
naïve collaborators are committed to delivering a product 
together and see value in cross-disciplinary collaboration (as 
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they see it), but do not truly engage in the process of inter-
disciplinary collaboration to challenge their own and others’ 
perceptions and ideas. This behaviour is in accordance with 
the type of interdisciplinarity that Mansilla (2005) described 
and coined “naïve interdisciplinarity” which is characterized 
by the lack of integration of disciplinary perspectives and 
the lack of their representation in interdisciplinary work. 
Therefore, this seemingly smooth collaboration impedes 
knowledge integration, because the diversity of knowledge 
in the cross-disciplinary team is smoothed over rather than 
wielded to realize the potential of interdisciplinary team-
work to gain a more comprehensive and holistic understand-
ing of the topic (DeWulf et al. 2004). The absence of conflict 
we observed hampers knowledge integration, as conflicting 
views are considered to be the starting point for building 
common ground and subsequently constructing a more com-
prehensive understanding (Repko and Szostak 2020).

Assertive

Another typical pattern of behaviour that we observed in 
interactions among students, was assertive behaviour. This 
was the type of behaviour that we anticipated encounter-
ing in an interdisciplinary course. Assertive behaviour is 
characterised by strong disciplinary perspectives, rigidity of 
opinions and views, overrepresentation in interactions, and 
a superior attitude towards other disciplines.

An example of assertive behaviour became clear with S1 
(health & life sciences) throughout the course. She had a 
very strong quantitative grounding, and she often brought up 
her wish to include quantitative measures during the course. 
Her contributions were perceived as enriching the teamwork 
by her fellow students. S15 put it as follows: “[S1] has a 
very clear direction in mind and [she] makes sure that that 
is where she is heading for, and that is interesting.” Yet, 
S1 also demonstrated behaviour that prevented knowledge 
integration. For instance, she was experienced as being judg-
mental about the contributions from other fields, and did not 
seem to truly value research from other fields as highly as 
from her own field. For instance, in the context of the journal 
club, S22 observed a heated discussion between S1 (health 
& life sciences) and S15 (social sciences) about their respec-
tive papers. In one of her written reflections, S22 wrote the 
following about this interaction:

“[S1] and [S15] didn’t agree with the methods used 
in each other’s paper, they didn’t think each other’s 
papers were good papers. I found that really interesting 
to see. I think that after the discussion they may have 
changed their views a little, but I don’t think that [S1] 
has really accepted that [S15]’s way is also a good way 
of conducting research”—Student 22

This quote illustrates that S1 was perceived as not open 
to S15’s view. The fact that she did not seem to accept S15’s 
approach as valid indicates that she did not value S15’s view 
and was unwilling or unable to critically reflect on (the limi-
tations of) her own view. This prevented them from reaching 
shared understanding. We observed that as a consequence 
of their assertiveness and tendency to push their own rather 
than accept others’ knowledge contributions, assertive 
behaviour often resulted in overrepresentation in the process 
and consequently also in the product. This hampers integra-
tion of different knowledge bases. Because of their strong 
stance and resistance to changing their minds, students who 
show assertive behaviour may get into conflict, especially 
with others who behave similarly.

Moreover, acting assertively may—consciously or uncon-
sciously—result in taking a superior stance towards team 
members from other fields. The following quote gives an 
example of a student who expressed a sense of greater 
importance and value of her own knowledge from her own 
field (exact sciences) compared to those of others (social 
sciences), indicating superiority:

“Yes, we can learn from each other, when we see 
the different disciplines and the value of the differ-
ent disciplines. But for them that means that they see 
something that they don’t understand, so they’ll attach 
more value to it. They will maybe realize that if these 
technical aspects are something that they should take 
along, they will then depend on others who do possess 
this knowledge. While for me, it’s an insight that their 
disciplines can be supportive, but I can’t immediately 
think of anything that they contribute that I would 
never be able to come up with myself.”—Student 21 
(exact sciences)

In this quote, S21 described that she perceived an asym-
metrical interdependence between social and exact sciences, 
by which she implied superiority of her own field (exact 
sciences) over other fields (social sciences). She seemed to 
be at least partly unaware of her superior stance, as there is 
a discrepancy between what she said at first (“we can learn 
from each other”) and what she showed immediately after 
(“I can’t immediately think of anything that they contribute 
that I would never be able to come up with myself”). In line 
with the general (perceived) hierarchy of knowledge and dis-
ciplines and the literature (Harris et al. 2009), we observed 
superior and assertive behaviours most commonly among 
students with backgrounds in the exact and life sciences, 
and less commonly in students trained in social sciences 
and humanities.

Taken together, collaborators who demonstrate assertive 
behaviour are of value to a cross-disciplinary team as they 
bring unique knowledge and perspectives to the collabora-
tion. As such, their contributions enrich teamwork. This 
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was expressed by students and is also echoed in literature 
as it has been reported that the contribution of more unique 
knowledge leads to better and more comprehensive results 
(Godemann 2008). However, assertive behaviour hampers 
knowledge integration through the tendency of people 
who exhibit it to inflexibly hold on to their own views and 
through overrepresentation of assertive voices that leave lit-
tle room for the representation of others’ views.

Accommodating

We observed interactions in which students demonstrated 
accommodating behaviour. Accommodating behaviour was 
characterized by listening and asking questions, relying 
mostly on others’ knowledge and ideas, underrepresentation 
of accommodating voices in the process and underrepresen-
tation of their knowledge in products, and possible feelings 
of inferiority. For example, we observed typical accom-
modating behaviour in S22 (interdisciplinary program) 
throughout the course. In class, she often asked questions 
and tended to listen well. Moreover, she expressed that she 
did not hold a strong disciplinary identity, because she was 
trained broadly. In the following quote she describes her role 
in a discussion with classmates:

“Then we formed a problem map. I took an active 
role in this discussion. I tried to ask people what they 
thought, and why. If something was not clear or could 
be interpreted ambiguously, I asked them to explain 
further. I tried to not impose my opinion in the discus-
sion, even though I was the one holding the chalk and 
writing most things on the board. I tried to give every-
one a voice in the discussion.”—Student 22 (interdis-
ciplinary program)

This example shows that S22 took on a neutral role in the 
process, asking questions and observing, rather than min-
gling in on the content of the discussion. She explained in 
a reflection interview that this behaviour comes naturally 
to her: she is interested and enjoys learning about others’ 
views: “I just like asking why, why, why, why”.

Several students who displayed accommodating behav-
iour expressed that they experienced a feeling of disciplinary 
inferiority, as they assumed or feared that their classmates 
did not value their fields’ knowledge. In the following quote, 
S5 (humanities) provides insight into her feeling of discipli-
nary inferiority:

“I found it very interesting to collaborate with a math 
student. But the other way around I’m not always sure 
if people also see it that way… That’s why I found it 
quite hard to bring [the contribution from my field] 
that first time. […] I feel like it’s looked down upon. 
Probably that is not even the case. But that feeling 

is fueled by the fact that from an early age onwards 
you’re told that hard science is the real science, and 
[my field] is more like, feminine, the feminine humani-
ties versus the hard sciences”—Student 5 (humanities)

In line with the general (perceived) hierarchy of knowl-
edge and disciplines as also reported by Harris et al. (2009), 
we observed these feelings, expressions, and behaviours of 
inferiority more commonly among students trained in social 
sciences and humanities, and less among science students. 
Moreover, accommodating behaviour was more common 
among students trained in broad, interdisciplinary pro-
grammes compared to students trained in more specialized 
fields, in line with literature that reports interdisciplinarily 
trained people may feel like they lack expertise in any par-
ticular field (Darbellay 2015).

Overall, accommodating behaviour contributes to inter-
disciplinary integration by facilitating the process of knowl-
edge exchange by listening well and asking questions. As 
such, collaborators who behave accommodatingly hold the 
potential to play an important role in bridging disciplinary 
divides within cross-disciplinary teams, as is also described 
by Maglaughlin and Sonnewald (2005) and echoed in the 
view that interdisciplinary teamwork can benefit from one or 
more team members who function as ‘connectors’ who are 
specialized in integration and implementation to harness the 
knowledge contributions of other (disciplinary) team mem-
bers (Bammer et al. 2020; Pennington et al. 2020). However, 
they often do not contribute much of their own knowledge 
to the content of the project, and instead take the role of 
process facilitator. Taking a predominantly procedural role 
prevents collaborators who exhibit accommodating behav-
iour from contributing the knowledge that they hold and thus 
limits the diversity of knowledge available to the interdis-
ciplinary effort. Consequently, when collaborators exhibit 
accommodating behaviour, they depend on teammates who 
contribute their own knowledge to make their contribution to 
interdisciplinary knowledge integration. Moreover, when not 
contributing their knowledge and perspectives, they deprive 
the team of yet another take on the topic that could poten-
tially enrich their joint understanding.

Integrative

The fourth, and last, pattern of behaviour that we observed in 
our course is what we call integrative behaviour. Integrative 
behaviour was characterized by actively connecting one’s 
own and others’ knowledge. Students who demonstrated 
integrative behaviour were relatively uncommon.

In the following quote, S7 (interdisciplinary programme) 
described an interaction between herself and S17 (manage-
ment studies), in which she connected terminology that 
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S17 used to key concepts in her own field to create shared 
understanding:

“So I try to translate what [S17] says into my ‘lan-
guage’ [...] For instance, [she] started talking about 
improving life. Then I recognized that that also holds 
a connection to value, at least what I mean when I use 
the concept value. Then I explained that to [her], and 
also explained about ‘the bottom of the pyramid’, that 
there are a lot of people in the bottom classes and that 
that is also exactly where that value proposition lies.”

When further probed about how this translation came 
about, she explained the following:

“By giving a definition of a word and asking what they 
mean with a word. I think I literally asked her: ‘can 
you define what you mean by the meaning of life?’. 
Then I check with myself whether I understand […] 
and if I don’t understand, then I ask again. Or I say that 
I don’t understand, and ask whether she can explain it 
again in other words. So, there is a kind of checking 
loop: do I understand? No, then ask follow-up ques-
tions. And as soon as we reach an explanation that I do 
understand, I confirm. Then we agree on a definition 
that we both understand and can work with. That’s 
then that definition of that word, you have kind of a 
convention. […] This doesn’t have to be entirely new, 
but it does consist of both worlds, both people. Both 
parties contribute something. Together you build your 
own language that we use in that discussion. [...] So, 
by listening and truly trying to understand what they 
mean to say. And then try to relate to it, and also real-
ize they are coming from another academic environ-
ment than your own.”—Student 7 (interdisciplinary 
programme)

This quote is an illustration of S7’s ability to create a 
shared understanding that combines her own and S17’s 
knowledge bases. Rather than steering away from things 
that she did not understand, S7 takes a moment of unclarity 
as the starting point for further exploration to expand their 
shared understanding. She brought her own knowledge to the 
interaction, by sharing key concepts (value, value proposi-
tion, ‘bottom of the pyramid’) from her field and explaining 
those to S17. And she engaged with the knowledge that S17 
brought to the conversation (e.g., ‘meaning of life’) by try-
ing to understand, summarizing in her own words, checking 
whether she understood correctly, and asking questions. This 
was a process of multiple rounds of recursion resulting in 
a conversation of a dialogical nature (Tsoukas 2009). This 
interactive process of contributing her own knowledge and 
engaging with S17’s knowledge allowed her to actively seek 
connections and together with S17 create shared understand-
ing that integrated knowledge from both of them, applied to 

the context of the project, and represented ideas that are new 
(to them). In doing so, she aimed for what she referred to as 
a ‘convention’, i.e., an agreement in the context of the joint 
project that does not necessarily represent the viewpoint of 
either of them outside the context of the joint project. There-
fore, this is as Defila and Di Giulio (2017) describe a con-
sensus, not in an ‘agreement in an everyday sense’, but rather 
an agreed upon description that makes sense for the context 
of the joint work that aligns with the views, beliefs, assump-
tions of the collaborators’ backgrounds. The joint ‘language’ 
that S7 describes is similar to what Galison (1997) calls 
pidgin or creole, a language that neither of the collaborators 
is native in, but that they both understand for the purpose 
of their interaction. Striving for this consensus, S7 does not 
attempt to convince S17, but rather embraces the possibility 
of each holding their own views while collaborating on the 
basis of an agreed upon consensus. As such, she exhibits a 
plural understanding in which multiple ways of understand-
ing the topic of understanding can exist alongside each other, 
rather than one of them having to be right, leaving the other 
to be wrong.

Epistemic competencies for interdisciplinary 
knowledge integration

The findings presented so far imply that interdisciplinary 
knowledge integration requires contributing one’s own 
knowledge and engaging with each other’s knowledge, 
because we saw that the absence of either or both of these 
behaviours—in naïve, assertive, and accommodating behav-
iour—hampered knowledge integration in teams. To make 
this point explicit, consider teams of collaborators who all 
exhibit the same type of behaviour. With only naïve behav-
iour, differences are glossed rather than harnessed to avoid 
conflict. With only assertive behaviour, knowledge integra-
tion will be hampered because collaborators will hold on to 
their own views and not manage to make links and arrive 
at an integrated, more comprehensive understanding. And 
teams of only accommodating behaviour will lack content 
and disciplinary perspectives that can be integrated, because 
accommodating behaviour relies on others to contribute 
knowledge in the absence of which there is no knowledge 
for the accommodating team to engage with. When collabo-
rators contribute their own knowledge and engage with each 
other’s knowledge—as is the case in integrative behaviour 
and in interactions between assertive and accommodating 
collaborators—we saw team interactions that aided knowl-
edge integration, such as repeated questioning to create 
understanding and linking of concepts from the knowledge 
bases of different collaborators.

As interdisciplinary knowledge integration requires these 
two sets of behaviours—contributing one’s own knowledge 
and engaging with others’ knowledge—and competencies 
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are defined as the ability to demonstrate certain behaviour 
(Heinsman et al. 2007), it follows that interdisciplinary 
knowledge integration also requires two corresponding sets 
of competencies: Epistemic Stability (ES) competencies, and 
Epistemic Adaptability (EA) competencies. ES comprises 
competencies that allow a collaborator to contribute their 
own knowledge to the interaction, whereas EA includes 
competencies that enable engaging with others’ knowledge. 
We call these epistemic competencies, because they describe 
how students deal with knowledge—both their own and the 
knowledge of others—to achieve interdisciplinary knowl-
edge integration. When individuals exhibit behaviour that 
is indicative of both ES and EA, we consider this a dem-
onstration of Integrative Competence. Figure 1 provides an 
overview of the behavioural patterns that we observed, and 
their relationship to the two sets of epistemic competencies 
(ES on the y-axis and EA on the x-axis).

We continue this section by describing the competen-
cies that fall within these two sets, based on insights from 
empirical research and a review of the literature. A third set 
of competencies only arise through the presence of ES and 
EA competencies, we call these integrative competencies.

Epistemic Stability—In the examples of assertive and 
integrative behaviour, we saw that students contributed 
their knowledge by sharing concepts, theories or meth-
ods. As such, they demonstrate that they have sufficient 
understanding of concepts in their fields (Nash et al. 2003; 
Mansilla et al. 2005; Haider et al. 2018; Nurius and Kemp 
2019) to apply this knowledge to diverse contexts and 
explain it to others unfamiliar with their field; this indi-
cates performance-based understanding (Mansilla 2005). 

Their behaviour is also indicative of communicative skill to 
explain knowledge from their field (Nurius and Kemp 2019). 
Moreover, they show that they have confidence (Nash et al. 
2003; Nurius and Kemp 2019) about their understanding of 
their own field and their field’s relevance to the project. This 
allows them to bring their knowledge to the interaction and 
stand by it, even if others do not (immediately) understand it 
or do not agree with it. In addition, the examples also show 
their drive to contribute knowledge from her field (Falcone 
et al. 2019), as they opt to bring unique knowledge to the 
interaction, whereas sticking to common knowledge would 
have been considerably easier and quicker. This is closely 
related to their academic identities (Di Giulio and Defila 
2017) and motivation to act as a representative of their field 
in the cross-disciplinary team. In contrast, in accommodat-
ing and naive behaviour at least some of these competencies 
are absent. The fact that those students recurrently refrain 
from contributing their knowledge to the teamwork through-
out the course may be due to limited knowledge in their own 
field, insecurity about their proficiency in their field or its 
relevance to the joint effort, a weak identity or drive to rep-
resent their field, or a lack of awareness about disciplinary 
differences and one’s own unique knowledge. For instance, 
we saw that S22 explicitly expressed that she did not hold a 
strong disciplinary identity, and that S5 expressed an insecu-
rity to contribute insights from her field because she feared 
the perceived inferiority of her field.

Epistemic Adaptability—Basic understanding of others’ 
fields helped collaborators understand each other’s contribu-
tions and improved their ability to engage with those con-
tributions. For instance, S22 was trained broadly, and that 

Fig. 1  Schematic representation of epistemic competency space for interdisciplinarity; the axes represent the epistemic stability (ES) and epis-
temic adaptability (EA) competencies and the quadrants the four typical behaviours we observed
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helped her understand and relate to the views of different 
students and take on a bridging role in their conversation. 
Moreover, in the examples of accommodating and inte-
grative behaviour, we saw that students engaged with the 
knowledge of others by trying to understand, asking ques-
tions, and accepting and reproducing the other’s views and 
knowledge for the joint project. By trying to understand, 
engaging in deep listening and asking questions, these stu-
dents demonstrated intellectual curiosity (Nash et al. 2003; 
Strober 2006; Nurius and Kemp 2019). For instance, S22 
kept asking why and expressed that she was—and generally 
tends to be—curious to know more and understand better. 
By taking others’ input seriously and not (directly) disre-
garding ideas different from their own, these students also 
demonstrate suspension of judgement that allows them to be 
open to other ideas and value different perspectives (Nash 
et al. 2003; Strober 2006; Thompson 2009; Parker 2010; 
Larson et al. 2011; Nurius and Kemp 2019). Moreover, we 
observed that these students expressed when they did not 
understand something, and sometimes changed or expanded 
their view based on new insights provided by others. This 
illustrates an attitude of epistemic humility (Nash et al. 2003; 
Gardiner 2020), acknowledging the limitations of one’s own 
knowledge. On the contrary, assertive and naive behaviour 
illustrates the absence of at least some of these competen-
cies. The fact that they do not engage actively with others' 
knowledge may be caused by a lack of intellectual curiosity 
to understand the others’ reasoning, strong prejudices and 
thus not being open to other views, or conviction that one’s 
own field holds all the answers (i.e., the absence of epistemic 
humility). We saw, for instance, that S1 had a rigid image 
of good science as being quantitative and lacked an open 
attitude to critically question her view. And S21 expressed 
a seemingly implicit assumption or prejudice of superiority 
of sciences compared to social sciences, indicating a lack 
of humility.

Integrative Competencies—In addition to the competen-
cies that relate specifically to the ES or the EA dimensions, 
we also observed competencies that students only demon-
strated possessing if they mastered ES and EA competen-
cies. These integrative competencies are pluralistic under-
standing and functional disagreement. In the example of 
S7 and S17 we observed that they reached what S7 calls 
a “convention”, or as Defila and Di Giulio (2017) call it: 
consensus. S7’s ability and willingness to agree on such a 
consensus, is indicative of a pluralistic understanding of 
the topic at hand, allowing for multiple equally valid inter-
pretations and acceptance of their coexistence (Lélé and 
Norgaard 2005; Miller et al. 2013). Moreover, we observed 
in integrative behaviour the willingness to address conflicts 
or disagreements, rather than ignoring them or smoothing 
them over. In the example of S7, she actively searched for 
the points of unclarity or disagreement by repeatedly asking Ta
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questions, which demonstrates that she saw disagreement 
and misunderstanding as a learning opportunity rather than 
an obstacle (Freeth and Canglia 2020; Monteiro and Keat-
ing 2009).

Table 1 gives an overview of the ES, EA and integrative 
competencies building onto the competencies identified in 
previous studies.

Discussion

This study offers a framework founded in empirical research 
and a review of the literature for understanding interdiscipli-
nary competencies that are essential to addressing contem-
porary sustainability issues. We advance the field beyond 
merely listing competencies by shedding light on how inter-
playing competencies shape the individual ability to engage 
in knowledge integration, which is the defining characteristic 
of interdisciplinarity (Klein 2010). To understand competen-
cies for interdisciplinary knowledge integration, we intro-
duced the concepts of Epistemic Stability (ES)—the compe-
tencies to contribute one’s own academic knowledge—and 
Epistemic Adaptability (EA)—the competencies to engage 
with others’ knowledge. This study shows how an individu-
al’s ability to engage in knowledge integration is shaped by 
ES and EA competencies.

The distinction between ES and EA echoes the paradox 
of interdisciplinarity that depends on, but is also challenged 
by, knowledge diversity (Crowley and O’Rourke 2020) and 
aligns with literature describing the process of knowledge 
integration as depending on the exchange of unique knowl-
edge as well as the creation of cohesive conceptual under-
standing by the whole team (Godemann 2008). Moreover, 
the distinction between ES and EA aligns with, and adds 
to, the conceptualization of T-shaped researchers, who are 
individuals with deep specialized expertise in a particular 
(disciplinary) field (vertical leg of the T) and broader exper-
tise in neighbouring disciplines and general skills to col-
laboration and communicate across disciplines (horizontal 
head of the T) (McIntosh and Taylor 2013). And similarly, 
it aligns with the conceptualization of interdisciplinary 
competencies as shield-shaped that builds onto the notion 
of T-shape, further emphasizing the importance of holding 
or acquiring understanding of the fields of one’s collabora-
tors (Bosque-Pérez et al. 2016). A similar link can be made 
between the conceptualization that we propose in this study 
and the conceptualization of Haider et al. (2018) who argue 
that rigorous interdisciplinary sustainability science requires 
epistemic agility and methodological grounding. These con-
ceptualizations, however, define the necessary assets more 
narrowly, as the T-shape (McIntosh and Taylor 2013) as well 
as the methodological grounding (Haider et al. 2018) focus 
exclusively on knowledge and skills, whereas we aimed to 

gain a holistic understanding of epistemic competencies that 
contribute to the ability to demonstrate integrative behav-
iour, including mindsets and attitudes.

The four behaviours we described demonstrate that col-
laborators can hold different combinations of ES and EA 
competencies. The naïve behaviour that we observed in our 
study, shows similar characteristics to what Mansilla et al. 
(2009) call naïve interdisciplinarity and Haider et al. (2018) 
refer to as the “conceptual la-la-land”. When assessing inter-
disciplinary student work, Mansilla et al. (2009) considered 
this work to be naïve when disciplinary perspectives are 
missing and can thus not be integrated, so the end result 
is limited to a common-sense understanding. The assertive 
behaviour we report aligns with the frequently described 
tendency of experts to hold their own discipline and discipli-
nary knowledge in higher regard than others’ and talk about 
their own perspective rather than listening to others (Brown 
et al. 2015; Richter and Paretti 2009; Strober 2006). Both in 
our study and in the literature, this behaviour is most promi-
nent among highly specialized collaborators; in the case of 
our course these are students who are trained in highly spe-
cific fields, and in literature this becomes apparent among 
experienced researchers who have been active in a field for 
a long period of time (Brown et al. 2015; Richter and Paretti 
2009; Strober 2006). In contrast, accommodating behaviour 
is far less described in the literature. It does, however, reso-
nate with the findings of Kjellberg et al. (2018) that students 
can also develop discipline-crossing competencies before 
they are strongly grounded in one discipline.

As such, our conceptualization of competency dimen-
sions and behaviours combines insights from previous 
reports that depart from a dominant disciplinary perspective 
(Brown et al. 2015; Strober 2006), and reports on the “undis-
ciplined journey” (Haider et al. 2018; Kjellberg et al. 2018). 
The two-dimensional interdisciplinary competency space 
reconciles these isolated reports and captures the different 
possible assets collaborators can bring to interdisciplinary 
teamwork. This framework holds the promise of informing 
the design of interventions to support the development of 
competencies for interdisciplinarity in educational but also 
research contexts.

Implications

Our study shows that the majority of master’s students in 
our course did not possess integrative competence and even 
a substantial number of students exhibited naïve behaviour. 
This is not surprising, as students are still in the process of 
learning and acquiring competencies, and their prior experi-
ence with interdisciplinary work varied widely. The fact that 
the students in our course proved to be lower on ES com-
petencies than previously reported for later career research-
ers (Brown et al. 2015; Strober, 2006) makes sense as they 



1971Sustainability Science (2022) 17:1959–1976 

1 3

are early career scholars who are still acquiring expertise 
in one field and developing a professional identity. This, 
however, also raises the question of how to strike a bal-
ance in university courses, equipping students to address 
complex, inherently interdisciplinary sustainability issues 
without compromising ES to the extent that we end up with 
programmes that run an inch deep and a mile wide (Man-
silla, 2005). This is also echoed in the finding by Kishita 
et al. (2018) that university programmes for sustainability 
either take a specialist or a generalist approach, dealing with 
the often experienced and reported trade-off between depth 
and breadth in training for addressing sustainability issues. 
Moreover, Roy et al. (2020) report that interdisciplinary sus-
tainability courses require a combination of training content 
and interdisciplinary competencies, and Pennington et al. 
(2020) report that educators struggle with training students 
in discipline-specific and discipline-spanning competencies 
for sustainability issues. Moreover, on the individual level, 
this tension between depth and breadth poses the challenge 
of creating and adopting an academic identity and team role 
that allows one to share knowledge on the topics of one’s 
expertise while also being an interdisciplinarian (Darbellay 
2015). It should be noted that there is no one-size-fits-all 
solution to this issue, or a universally ideal ratio of (dis-
ciplinary) specialization versus interdisciplinary integra-
tion. Rather, this balancing act depends on the ambitions of 
training programmes (Guimarães et al. 2019). This calls for 
careful consideration in course and program design to train 
ES as well as EA competencies, and balance breadth and 
depth in such a way that they fit educational goals and job 
market and societal demands, as well as prior experiences 
and backgrounds of learners.

Besides, this general recommendation for educators and 
education designers to carefully balance learning activi-
ties for the development of ES and EA competencies, the 
insights from our study, together with earlier lessons from 
literature, also provide more concrete handles for the design 
of interdisciplinary education for sustainability. Our find-
ings that ES competencies are essential to interdisciplinary 
work, and that many Master’s students did not seem to be 
very epistemically stable, underlines that when turning to 
interdisciplinary training, training in specialized skills and 
knowledge should not be neglected altogether. Approaches 
such as the one described by Bosque-Pérez et al. (2016) 
could be helpful here. They describe an interdisciplinary 
program for PhD students who conduct individual PhD 
research in a specialized field while working in parallel in 
a cross-disciplinary team. Moreover, our findings stress the 
need to explicitly train students in competencies for inter-
disciplinarity, which requires not only acquiring knowledge 
about interdisciplinarity, but also gaining experience in 
interdisciplinarity to acquire skills (Bridle et al. 2013; Pen-
nington et al. 2021), and reflection to develop an attitude 

that supports interdisciplinary teamwork (Parker 2010). To 
raise awareness of disciplinary differences that was quite 
commonly lacking in our cohort, as became clear from the 
students with naïve behaviour, one could use approaches 
such as the Toolbox dialogue method (Hubbs et al. 2020), as 
applied by Kjellberg et al. (2018) to support the development 
of interdisciplinary consciousness and by Pennington et al. 
(2021) to expose differences in epistemological assumptions 
to aid interdisciplinary teamwork.

A question that remains unanswered in this study is how 
individual competencies shape the performance of interdis-
ciplinary knowledge integration at the team level. It does not 
seem necessary for all team members to possess full integra-
tive competence to successfully integrate knowledge as a 
team (Bammer 2013). The model of pi-shaped collaboration 
that is described in literature, for instance, explicitly relies 
on collaboration between individuals with different special-
ized expertise (likely exhibiting assertive behaviour) and 
individuals with broad collaborative skills that help make 
the link between those specialists (accommodating behav-
iour) (Ceri 2018; Pennington et al. 2020). In this approach, 
individuals with high EA but low ES competence could be 
valuable to interdisciplinary efforts to build bridges between 
the knowledge bases of others who are with low EA but high 
ES competence, similar to what Maglaughlin et al. (2005) 
describe as “bridging”. And the other way around, individu-
als with high ES but low EA competence can be of value to 
the team by contributing their knowledge that others manage 
to link together.

Although a team may thus manage to integrate knowl-
edge and deliver an integrated end result through different 
individuals displaying assertive and accommodating behav-
iour, we do expect that uniting these two competency sets 
in one individual—and thus exhibiting integrative compe-
tence—brings added value to interdisciplinary teamwork. 
In collaboration, knowledge integration requires transfer-
ring knowledge from one person to another (Haythornth-
waite 2006; Xue et al. 2020). Thus, if a team displays only 
assertive and accommodating behaviours, but not integra-
tive, then accommodating individuals would be responsi-
ble for facilitating the combination of knowledge shared by 
assertive individuals. This causes the knowledge transfer to 
require additional steps of transformation (Liyanage et al. 
2009), because the knowledge shared by different assertive 
individuals has to be assimilated by the intermediary accom-
modating team members. This in turn may result in not all 
knowledge that is contributed by the assertive team mem-
bers being integrated, when it is not fully understood by the 
accommodating team members. Furthermore, accommodat-
ing individuals can only integrate knowledge that is explic-
itly shared by assertive members, whereas tacit knowledge 
and unspoken knowledge remain unused. As such, unique 
knowledge held by team members is lost when knowledge 
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integration depends on accommodating team members who 
interpret and integrate the contributions from teammates, 
rather than teammates connecting the contributions of others 
to their own knowledge bases directly as would be the case 
with integrative behaviour. So, the absence of individuals 
displaying integrative behaviour may limit the knowledge 
that is represented in the joint effort, creating extra transla-
tion steps that may cause knowledge, nuances, and details to 
be lost in translation and making teams more vulnerable to 
changes in composition. Therefore, we argue that integrative 
competence is likely to make collaborators as well as teams 
more versatile and agile. However, this hypothesis requires 
further investigation to fully fathom how the interaction of 
individual behaviours shapes team knowledge integration 
capacity and gain better understanding of the function of 
integrative behaviour and competencies in interdisciplinary 
knowledge integration.

Moreover, it has been reported that interdisciplinary team 
functioning emerges from a complex interplay between 
individual traits and competencies, and social team level 
processes (Lotrecchiano et al. 2016; Pennington 2016). 
How ES and EA competency sets in a continuous process 
of social learning shape interdisciplinary collaboration at 
the team level should be the subject of future research. This 
will require also considering social processes and social 
learning, disciplinary compatibility, and personalities, since 
these have previously been shown to affect team integrative 
capacity (Bromme 2000; Cairns et al. 2020; Krishnakumar 
et al. 2020; O’Rourke et al. 2019; Salas et al. 2018; Salazar 
et al. 2012). If the mechanisms through which individual 
competencies and other factors shape team integrative per-
formance were better understood, additional interventions 
could be designed to actively facilitate cross-disciplinary 
teams in research and education to improve their integrative 
capacity. Furthermore, insight into the competence of teams 
and team members based on the proposed framework may 
inform interventions that specifically target competencies the 
lack of which hampers knowledge integration in particular 
research or education settings.

Finally, it should be added that sustainability issues not 
only require integration of knowledge across disciplines, but 
also between academic and practice knowledge (Clark et al. 
2016; Robinson 2008). The framework we propose in this 
study was only based on empirical research in the context 
of cross-disciplinary teams, but future research may shed 
light on its relevance for collaboration between academics 
and team members from outside the academy (i.e., transdis-
ciplinary collaboration).

Methodological considerations

Addressing complex sustainability issues requires inte-
gration of knowledge from different disciplines. Our 

representation of competencies in terms of ES and EA adds 
to the understanding of what knowledge integration actually 
entails and why it is difficult to achieve. There are, however, 
also limitations to the approach that we took in this study. 
These include the simplified representation of reality when 
developing a framework, the ambiguous definition of disci-
plines, the indirect observation of competencies in practice, 
and the relatively small number of students among the data 
for this study were collected.

First of all, a framework like the one we have presented 
is inevitably a simplified representation of reality. For the 
sake of clarity, competencies were considered in isolation, 
when they are in fact in a continuous and complex interplay 
with personality traits, experiences, social dynamics and 
contextual factors (Bromme 2000). As a consequence of the 
simplification, the behaviours we described may seem rela-
tively rigid, stable, and ‘black and white’. These seemingly 
well-demarcated categories proved helpful in understanding 
the framework and data, even though they may not do jus-
tice to all nuances in practice such as possible development 
throughout the course and differences in behaviour depend-
ing on contextual factors. We consider it acceptable to con-
sider students’ competencies as more or less stable through-
out the course, given that an 8-week course is basically only 
a snapshot of the students’ competencies at a single moment 
in a single context. People are likely to behave differently in 
different contexts and different moments in time. On top of 
that, students are likely to still be in the process of develop-
ing these competencies and may thus be expected to change 
if they were followed over a longer period of time, espe-
cially while being involved in cross-disciplinary teamwork 
and training these skills explicitly.

Second, another complicating factor in dealing with 
this student cohort, over and above the interpretation 
of the results, is the high diversity of students and study 
backgrounds. Disciplines are by definition diverse in their 
level of specialization, breadth and uniqueness of methods 
and perspectives and are not as stable as the presentation 
of distinct categories may imply (Klein 1983). In addition, 
the master’s programmes represented in the cohort do not 
translate directly into monodisciplinary fields, as several 
are offered across departments or even faculties. And then, 
there is a wide diversity of prior educational, professional 
and personal experiences that students bring to the course 
that also shape their scientific identities and views. In other 
words, there is no straightforward translation between study 
programme and disciplinary perspectives, and the majority 
(if not all) of the students cannot be considered to represent 
a single monodisciplinary perspective.

Third, our conclusions about competencies were the 
result of the indirect insights that behaviour provides into the 
mastery of competencies. The combination of observations 
and student reflections helped us triangulate and allowed 
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us to also detect the absence of behaviour through obser-
vation and student cross-reporting. However, both methods 
also have limitations. The observations allowed us to dis-
tinguish between what students say and what they display, 
and thus eliminate socially desirable answers, but did not 
provide direct insight into competencies. The reflections by 
the students, on the other hand, provide more direct insight 
into students’ competencies, but are subject to their own 
interpretation. This means that student reflections may be 
shaped by what they think is expected or desired of them, 
and their own (possibly limited) understanding of their own 
behaviour and underlying processes.

And lastly, the framework we present in this study came 
about through the combination of a thorough study of litera-
ture and empirical research. As such, our empirical insights 
are embedded in and build upon existing insights and con-
nect findings to practice, increasing the likelihood that they 
directly inform educational and research approaches and 
answer the call by Salas et al. (2018) to connect theory and 
practice for interdisciplinarity. Our empirical study was 
based on data from a modest cohort of 19 students. Because 
of the connection to literature, the repeated observation of 
the behaviours in different students, and the diversity of stu-
dent demographics and backgrounds, we feel confident that 
the findings are sufficiently supported by our data in spite of 
the relatively small cohort. It cannot be ruled out, however, 
that more nuances and influencing factors could be identi-
fied when studying a larger cohort, as this would allow for 
greater sensitivity to detect outliers and general patterns.

Conclusions

In conclusion, the framework we propose in this article con-
tributes to understanding interdisciplinary knowledge inte-
gration to address complex sustainability issues. It demon-
strates that interdisciplinary teamwork requires navigating a 
paradox inherent in interdisciplinarity and also requires two 
sets of epistemic competencies: epistemic stability and epis-
temic adaptability. By furthering the understanding of inter-
disciplinary competencies for sustainability, the proposed 
conceptualization holds the promise of informing interven-
tions and training for students, researchers and practitioners 
in the field of sustainability. The framework offers handles 
for assessment, targeted interventions based on individual 
and team needs, and training that fits the competency lev-
els and combinations that are shaped—among others—by 
career phase and training. Moreover, our study invites future 
research to understand interdisciplinary knowledge integra-
tion at a team level, translate the competency framework into 
concrete training and intervention strategies, and study the 
relevance of the framework to other contexts such as knowl-
edge integration between academics and nonacademics.
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