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The complexity of interdisciplinary research, including the time Received 21 September 2023
needed to understand multiple approaches and develop skills, Accepted 22 February 2024
within a university structure organised in disciplines, means that
interdisciplinary research can be' difficult for a developing Interdisciplinarity; EMCR:
researcher. However, ea.rly- a.nd. mld-career researchers (EMCRs) interdisciplinary research;
are key to the future of interdisciplinary research. This paper asks, academic careers

‘Why and how do EMCRs become interdisciplinarians?’ It draws

on analysis of interviews supplemented by ethnographic

observations from a research project exploring the development

of interdisciplinary expertise in universities. This paper outlines six

common intersecting career pathways through which EMCRs

come to work across disciplines. The diverse and often ad hoc

nature of interdisciplinary research careers implies that support

systems, resources and training need to be adaptive and flexible.
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Introduction

Interdisciplinary research has been identified as necessary for solving complex societal
and environmental problems and a vital component of a successful research ecosystem
(Arnold et al, 2021). This important role is acknowledged in governmental policies
and university strategies (Graff, 2015) and has resulted in the establishment of programs,
resources, and networks (e.g., Bammer, 2013) and multidisciplinary institutes and other
structures to promote and support interdisciplinary research (Biancani et al., 2018;
Leahey & Barringer, 2020).

Universities, however, lack a consistent approach to developing interdisciplinary
research skills and knowledge, beyond very few interdisciplinary undergraduate
degrees, isolated subjects, or one-off PhD programs (Lyall, 2019). In that context, it
can be difficult to first attract PhD candidates to interdisciplinary research as a legitimate
pathway, and then prepare for and maintain their interdisciplinary careers within the
prevailing ‘culture of disciplinarity’ (Boden et al., 2011; Crossing Paths: Interdisciplinary
Institutions, Careers, Education and Applications, 2016). In addition, extra time and
effort needed to learn and integrate multiple disciplinary perspectives are accompanied
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by the understanding that grant and promotion panels tend not to rate interdisciplinary
efforts favourably (Arnold et al., 2021; Bromham et al., 2016).

Despite these issues, early- and mid-career researchers (EMCRs) do pursue interdis-
ciplinary research. Understanding why and how EMCRs become interdisciplinarians can
help formalise and strengthen pathways and support institutions to foster interdisciplin-
ary capacity. We use the term EMCR to refer to a range of researchers, from those com-
pleting their PhD through to 10 years after qualification, with the transition between
early and mid-career at five years post-PhD completion. While the term covers research-
ers in different situations, with varying responsibilities and goals (e.g., PhD candidates in
existing research projects as well as academics in full-time research and teaching roles,
including lab leaders), in this paper, we focus on their research practices rather than
other aspects of academic work. We use the term ‘interdisciplinary’ broadly to encompass
interaction across two or more disciplines or knowledge fields, including collaboration
with industry and community (Barry & Born, 2013). By ‘interdisciplinarian’, we mean
a practitioner who often substantively works outside their home discipline and collabor-
ates with people who do not have a shared disciplinary identity.

EMCRs encounter ‘countervailing institutional pressures’ (Graff, 2015, p. 2) against
interdisciplinary work and are often advised or constrained to keep working within dis-
ciplinary research boundaries. This reinforces the traditional mode of employment in a
university structured by disciplinary Schools and their teaching requirements. In
addition, there is no consensus on the appropriate stage to engage in interdisciplinary
work. Senior researchers tend to emphasise gaining disciplinary depth before diversifying
(Ledford, 2015), while EMCRs themselves can be more optimistic about taking an early
interdisciplinary path (Lyall, 2019).

Contrasting with the precarity of careers less aligned with a discipline, university strat-
egies increasingly refer to the need to develop interdisciplinary programs and research
(Graft, 2015), and mainstream research funding programs are progressively seeking
interdisciplinarity in proposals (Australian Research Council, 2018; Canada Research
Coordinating Committee, 2023).

In a traditionally organised university, students learn about opportunities through
Schools and their disciplinary departments, aiming to become a chemist or a historian
rather than inhabit a more interdisciplinary space. University Schools socialise their
members during career transitions towards a discipline and its practices: interdisciplin-
ary students and researchers can miss this sense of home-based support within a faculty
or School (Gardner, 2011). Instead, they find novel networks and diverse mentors to help
them navigate the university system and find work. In addition, the ‘academic hazards’
that EMCRs negotiate include lack of jobs, insecure employment, high workload and,
for interdisciplinarians, additional administrative barriers, often arising from faculty-
based structures and systems, and the undervaluation by the institution of aspects of
their work otherwise valued by the researcher (Le, 2023). Interdisciplinary researchers
can be ‘undermined’ by not conforming to normative disciplinary career paths (Miiller
& Kaltenbrunner, 2019). Thus, thriving within the university system can be especially
complex for them.

With these considerable obstacles, why and how do academics become interdisciplin-
ary researchers? Researchers have tended to only venture into the interdisciplinary
sphere after first establishing themselves in their home discipline, using the freedom
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that tenure and reputation confer (Lyall, 2019). In contrast, EMCRs, with little tenure or
reputation, are increasingly starting at an early stage to be interdisciplinary. This can be
through a range of pathways, including completing an interdisciplinary PhD or interdis-
ciplinary undergraduate program (Legler et al., 2010); attachment to interdisciplinary
projects, and through the efforts of institutes established to support interdisciplinary
research (Hesjedal, 2022). The nature of interdisciplinary research suggests a strong intel-
lectual curiosity and commitment to having a measurable impact on complex problems.
Colleagues and the surrounding environment have also been shown to have a major
influence on entering interdisciplinary research (Carayol & Thi, 2005).

In a study of academics who had graduated from a UK interdisciplinary PhD program,
Lyall (2019) found one set of candidates based their entry to the program at least partly
on an affinity for interdisciplinary approaches, via their research question or target pro-
fession, undergraduate or other experiences or guidance by supervisors. Another set of
candidates strategically took the opportunity of a funded position. Lyall (2019) further
divides reasons for pursuing interdisciplinary research into two camps, with some
researchers spanning both. The reasons are presented as distinct profiles: the ‘problem
solvers’ who focus on addressing real-world problems; and the ‘individual careers’
who focus on the role of interdisciplinarity in personal development and ‘broadening
horizons’ (Lyall, 2019, pp. 24-25).

While some studies have focused on interdisciplinary programs aimed mainly at the
preparation of PhD candidates (e.g., Boden et al., 2011; Gardner, 2011; Lyall, 2019), the
pathways taken by EMCRs outside these programs into interdisciplinary research are
under-explored. This paper addresses this by exploring why and how EMCRs who
have not come through interdisciplinary PhD programs become interdisciplinary
researchers. The research question is ‘Why and how do EMCRs become
interdisciplinarians?’

To answer this question, we draw on data from a larger project exploring the devel-
opment of interdisciplinary expertise in universities. We examined the personal resour-
cefulness and practices of people in two large interdisciplinary research centres (IRCs)
who had not taken part in any specific interdisciplinary higher-degree research
program and had come to interdisciplinary research through a mix of avenues, often
relying on ad hoc support. In this paper, we focus on the reasons and practices that
led them to interdisciplinary work. We then discuss the implications for how interdisci-
plinary EMCRs can be supported.

We first outline our study’s theoretical perspective and methodology. We then present
the six pathways through which EMCRs come to work across disciplines, based on our
analysis of the data. Finally, we discuss how EMCRs might be better supported in becom-
ing interdisciplinarians.

Context and method
Sites and data collection

Data were gathered as part of a multi-year research project investigating the development
of interdisciplinary expertise within IRCs, with human research ethics approval from The
University of Sydney HREC, protocol number 2020/668. Semi-structured interviews
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were used to investigate the transition pathways of interdisciplinary EMCRs. All intervie-
wees gave written informed consent.

Twenty-seven EMCRs associated with two IRCs, in public health (IRC1) and
advanced manufacturing (IRC2), in a large research-intensive Australian university
were interviewed. All interviewees were involved in interdisciplinary projects or
engaged in research-related initiatives and activities of IRCs, such as EMCR committees.
The number of interviews helped us reach ‘meaning saturation’, or a stage in which we
were able to be relatively sure to ‘fully understand all the issues raised’ (Hennink et al.,
2017, p. 600).

The participants included, with some overlaps between fields: 10 PhD candidates, 7
ECRs, 10 MCRs; 8 in IRC1, 16 in IRC2 and 3 in both; 17 Female, 10 Male; 6 Humanities,
Social Sciences and Arts, 10 Engineering, Design and Science, 11 Health and Medicine.
Representative of the Australian university workforce, the interviewees included people
born in Australia and overseas. All interviewees were given pseudonyms reflecting their
perceived gender (Table 1).

Interviews lasted between 45 and 60 min. Informed by a practice theory perspective,
the semi-structured interview questions were designed to probe key epistemic,
material, and sociocultural dimensions of participants’ interdisciplinary activities and
contexts (Knorr-Cetina, 1999; Nicolini, 2009). Questions also sought to elicit infor-
mation about interviewees’ personal resourcefulness, with a focus on what enabled
them to engage with interdisciplinary practices, including knowledge, skills, and atti-
tudes (Markauskaite & Goodyear, 2017). Additional questions helped explore career
paths and individuals’ experiences in interdisciplinary work, including enablers and

Table 1. Participant profiles.

Pseudonym Primary discipline / area of research IRC affiliation Career stage Gender
Evie Microbiology, immunology IRC1 PhD F
Louise Nutrition and dietetics IRC1 PhD F
Maggie Public health IRC1 PhD F
Luke Neuropathology IRC1 PhD M
Ava Chemistry IRC2 PhD F
Mary Physics IRC2 PhD F
Elijah Design IRC2 PhD M
Henry Business IRC2 PhD M
Peter Physics, chemistry IRC2 PhD M
Robert Quantum physics IRC2 PhD M
Carina Neuroscience, molecular biology, oncology IRC1 Early F
Elle Sports science IRC1 Early F
Mia Chronic disease, healthy ageing IRC1&2 Early F
Jason Nanomedicine IRC1&2 Early M
Anna Business IRC2 Early F
Emily Philosophy, ethics IRC2 Early F
William Business IRC2 Early M
Naomi Chemistry, biological sensors IRC2 Early/Mid F
Diane Biology IRC1 Mid F
Kate Nutrition IRC1 Mid F
David Psychology IRC1&2 Mid M
Carol Pharmacy IRC2 Mid F
Aria Chemical engineering, bioengineering IRC2 Mid F
Elena Architecture, materials design IRC2 Mid F
Sophy Media and sound studies IRC2 Mid F
Jack Musician, musical composition IRC2 Mid M
Thomas Biological design IRC2 Mid M
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barriers. The answers incorporated personal narratives and predominantly focused on
research.

Data analysis

Interview transcripts were analysed with NVivo software using an abductive analytical
approach (Timmermans, 2022), with initial codes informed by the theoretical frame-
works of personal resourcefulness and practice theory (Kemmis, 2022; Knorr-Cetina,
1999; Markauskaite & Goodyear, 2017). The analysis was also guided by the concept
of dispositions, which includes an inclination towards particular areas or goals,
influenced by, e.g., habit, motivation, or values; a sensitivity to or recognition of oppor-
tunities; and abilities to take action (Perkins et al., 1993). Simultaneously, we applied a set
of broad thematic codes that described common dimensions of practice and its environ-
ment: cognitive-epistemic, related to knowledge creation and knowledge work; material-
economic, including physical and digital infrastructure and systems of administration,
and funding; and social-cultural, which includes relationships and cultural practices
within the university and its bodies (Kemmis, 2022; Markauskaite & Goodyear, 2017).
As we applied these codes, we created sub-codes and further high-level categories as ana-
lytic memos (Saldaia, 2016) to produce inductive meaning. These included an expanded
set of codes in taxonomic trees related to practice and its environment (e.g., research
funding, publishing, administration, networks, mentorship, and other connections and
collaborations) and a set of codes that organised references to personal careers (e.g., aca-
demic and personal background, plans, aspirations, progress, and obstacles).

After coding each transcript, we compared EMCR interview excerpts grouped
together under relevant codes. Using a comparison of commonalities and differences
between coded excerpts from interviews, we established common themes that character-
ised why and how EMCRs came to be interdisciplinary, which we organised into descrip-
tions of pathways. We reviewed initial pathway themes for internal cohesion to ensure
each was discrete and had a distinct primary focus, resulting in the combination of
themes that overlapped and the splitting of a new theme from one that contained
several foci. This included ‘zooming in’ to bring to the fore individual interdisciplinary
resourcefulness, activities, and career pathways, and then zooming out’ by ‘finding the
associations between practices’ and identifying the effects of practices in patterns from
local to global (Nicolini, 2009, p. 1408).

The trustworthiness (Korstjens & Moser, 2018) of the findings is supported by inves-
tigator confirmation through detailed iterative analysis that reinforced initial broad
themes identified by the third author with expanded, detailed coding by the first
author. The three authors maintained a prolonged engagement in the research, having
for three years conducted interviews and observed activities involving interdisciplinary
EMCRs, and have co-constructed the findings through critical discussion.

Findings

Our analysis of interviewees’ narratives revealed six pathways to establishing a career as
an interdisciplinary researcher (Table 2). There tended to be a main pathway for each
person, but some individuals took more than one. Each pathway had a distinct
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Table 2. Interdisciplinary career pathways and practices.

Pathway

Disposition

Primary focus

Dominant
dimension of
practice

1. One Person Band
2. Niche Providers
3. Problem Chasers
4. Facilitators and
Connectors

5. Teammates

6. Employment
Seekers

Personal interests that prompt the development of
knowledge and skills in multiple disciplinary fields
Specialised capabilities that lead to working on projects
outside the initial disciplinary field

Solving an important problem that requires
interdisciplinary approaches

Recognising the importance of facilitating interactions
across disciplines in collaborative projects

Open to interdisciplinary opportunities through
socialisation

Personal practical circumstances draw researchers into
projects and associated teams

Interests
Capabilities
Problem
Process
Collaborations

Necessity

Cognitive-epistemic
Cognitive-epistemic
Cognitive-epistemic
Social-cultural
Social-cultural

Material-economic

disposition, primary focus, and dominant dimension of practice. In what follows, path-
ways are illustrated by quotes and stories that highlight the reasons (why) and practices
(how) that characterise them.

1. One person band

EMCRs who came to interdisciplinarity predominantly through the One Person Band
pathway tended to have a wide-ranging curiosity that led them to pursue more than
one discipline. They described taking up new methods and skills from other disciplines
to bring together a bricolage of personal resources to their work, through formal and
informal means, including industry experience.

As examples of EMCRs undertaking formal studies beyond one discipline, Peter and
Naomi had several majors, Evie studied ‘random units’ such as psychology and medical
ethics, Robert completed a double degree, Henry and Emily took degrees in different dis-
ciplines, and Sophy studied US liberal arts that encourage interdisciplinary approaches.

A personal drive was evident. For instance, Mia, with a molecular biology background,
chose to work with a colleague to expand her surgical techniques, moving to vascular
biology, and then to materials science. Carol was interested in learning varied techniques
and became self-sufficient with few collaborators as, ‘I can do everything from chemistry
all the way to animal studies.” Elijah, a PhD candidate in design, actively looks for ‘fruitful
new areas’ for research specialisation. He uses conversations with researchers from other
disciplines to look for ‘those almost combinatorial moments’ to find ‘troughs of knowl-
edge ... that you can do a pile of work in.

Some EMCRs brought skills from other areas to their work. As a case in point,
working in audiovisual support helped Robert, a PhD candidate in quantum physics,
with an understanding of the ‘poles and wires stuff ... how to use Telnet ... or how to
set up a small network’, which he noted could be as important as mastering theory.

There is an eclectic, curious nature to One Person Banders, who appreciate ‘time to learn’
(Mia) and are ‘part of a generation where it’s like, eff around and find out’ (Robert). Although
they experienced drawbacks, such as frustrating curriculum overlaps, and tensions between
learning independently and needing guidance against wasting time, personal interest was a
strong motivator in developing knowledge and skills in multiple fields.
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2. Niche providers

Niche Providers are EMCRs who came to interdisciplinarity having developed special-
ised skills that are in demand across contexts. Valued niche skills and knowledge
could come from close or distant disciplines. For example, business researchers
worked with STEM teams because of their expertise in research commercialisation
(Henry, Robert, Anna).

EMCRs did not necessarily seek interdisciplinary projects, but niche skills meant that
they were sought after to work on projects outside of their initial discipline. This was par-
ticularly the case for EMCRs who mastered complex procedures or operated compli-
cated, expensive equipment. For example, Jason joined a project as a postdoctoral
researcher partly due to his microscopy techniques, but as the only postdoctoral
researcher on the team, his duties expanded into other areas, including physics.
Another example was Diane who was in demand for a specialised surgical procedure.

Sometimes, though, the niche skills relegated the EMCR on the Niche Provider path to
a subordinate role with few personal benefits. For example, Peter, a PhD candidate, was
asked to run analyses and tests without ‘much idea of the broader picture’ and realised a
particular contribution only after reading a published paper that included it. People with
niche skills were in danger of simply fulfilling a service, but their work also exposed them
to a range of further research and networking opportunities. If Diane was not
deeply involved in all projects, they provided contacts for more interesting, ongoing
work; Jason’s niche skills created opportunities for expanded research and associated
success.

3. Problem chasers

Some EMCRs clearly showed dedication to exploring and solving problems that were
absorbing, complex and inherently interdisciplinary. This included research into
applied or translational problems with multiple factors that often involved human
behaviour.

The EMCRs who were on the Problem Chaser path talked animatedly about research
goals. Maggie investigated ‘mental wellbeing, burnout as well as the lifestyle and chronic
disease risk.” Emily trained others in genetic counselling, requiring STEM and social
science knowledge, and investigated genetic screening ethics. Louise and Kate researched
diet for older adults, which involved studying a range of factors in peoples’ lives with a
microbiologist, immunologist, and exercise physiologist.

Problems could materialise from early research experiences. Naomi encountered
limitations in analysis techniques for her PhD that she subsequently aimed to
improve, moving into new fields to do so. Evie wanted to find ‘novel therapies to
tackle antibiotic resistance.” While this primarily involved basic lab research, she also
attended clinics to observe patients’ experiences of therapies.

The attraction for many EMCRs was real-world problems and impact. Naomi enjoyed
organic over materials chemistry because of its relationship to ‘medicines or diagnostics.’
Several EMCRs’ work on commercialisation of research involved multi-disciplinary
research partners. They noted that being focused on applied research required personal
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versatility in a range of methods and fields, as tasks requiring knowledge of the science
could not be delegated (Carol, Jason, Mary).

Problem Chasers tended to value work within a wider, applied context for achieving
impact. This did not always correspond with conventional measures of research excel-
lence (e.g., publications) or academic advancement.

4. Facilitators and connectors

EMCRs on the Facilitator and Connector pathway recognised a need for enablers of
interdisciplinary work through leadership, facilitation, and knowledge integration.
This pathway was not necessarily an entry point but incorporates interdisciplinary prac-
tices described by EMCREs.

As a Facilitator and Connector, Elijah was ‘often the person who’s synthesising
different domains together, ... to ameliorate the distinctions between [two approaches]
... and work with them to produce a third thing.” Henry saw a need for a large conversa-
tion to ‘bridge’ what happens in social science and STEM ‘because those two worlds at
least to me seem almost completely disconnected.’

Connecting and leading the right people were identified by multiple EMCRs as necess-
ary for successful interdisciplinary projects. For example, Kate wanted more effective col-
laboration between disciplines to improve the notoriously low success rate of clinical
trials. Mia acknowledged the need for ‘leadership to put everyone in the same direction.’
EMCRs in this role did not generally shy away from the opportunity. Jason valued learn-
ing to be an interdisciplinary leader, starting in a project in which he did the ‘heavy
lifting’ to be the ‘go-between’ for collaborating experts. David said, ‘T do like making con-
nections, putting people together and helping form collaborations” and Peter felt happy
with his ability to do this as well.

Without wider acceptance of the need for facilitation and integration skills, it was
sometimes difficult for EMCRs wishing to engage on the Facilitators and Connectors
path to secure such a role. For instance, Naomi was aware of the importance of group
cohesion of having someone translate and connect the different disciplinary languages,
while also noting that ‘there are people who don’t realise that [you need to use
different language]. They either don’t realise it or don’t care enough.’

5. Teammates

The ways in which team and wider networks’ members collaborated and approached
problems acted as a template and springboard for new researchers open to exploring
interdisciplinary problems under the guidance of peers and mentors.

For STEM PhD candidates, work tended to be defined through labs and projects, atte-
nuated by exposure to colleagues’ interdisciplinary activities. Some early career research-
ers identified with the goals of the team and were content to flexibly explore interests and
opportunities that came from that association: 'right now I feel like I'm sort of collabor-
ating or working interdisciplinary from the bottom’ (Elle).

The EMCRs on the Teammates path often expanded and honed their research skillset
through collaborations. Some EMCRs were members of a wide network of researchers or
collaboratives that provided them with connections (Aria), expanded horizons (Carina)
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and other opportunities. Like other PhD candidates, Ava, a chemist, met regularly with
her research group and was routinely required to present to other research groups: one
presentation garnered methodological advice from physicists. Until given the opportu-
nity to connect, Kate ‘didn’t know a mathematician could help me. After taking
double majors, Peter chose the discipline for his PhD partly on that department’s
open-ness to cross-group collaboration.

Half of the EMCRs interviewed explicitly mentioned mentors as key influences on
research topics and approaches to research and collaboration. Mentors not only acted
as connectors to networks, expanders of horizons and providers of employment oppor-
tunities, they also provided encouragement and support for learning new techniques
from different fields. Some EMCRs had mentors from different disciplines. Ava’s PhD
supervisors came from science and engineering. Jason, lacking interdisciplinary mentor-
ing during his PhD, as a postdoc gathered 15 multi-field senior mentors.

The availability of and interaction with mentors and other team members relied on
serendipity or the EMCR seeking them out and articulating goals. EMCRs did not necess-
arily encounter interdisciplinary practices as PhD candidates.

6. Employment seekers

For some EMCRs, interdisciplinarity stemmed from finding employment. Some
moved from their original research area or expanded into multiple areas by obtaining
a position because it fitted with family, financial or other commitments and priorities.
Some found limited choices, because of competition for positions, institutional
capacity in their target city, range of funded projects and their network of mentors
and peers. Available roles tended to require mastering new skills and/or relied on
the researcher’s niche skills.

For example, Jason changed focus away from his PhD research and had to learn a
range of skills when joining an interdisciplinary project as the sole postdoc and was
less involved in basic research. The position has, however, helped him move towards lea-
dership and the project has produced a patent and ranked publications. Diane moved
from her original research focus to one only tangentially related when personal circum-
stances required her to remain in a particular city rather than pursue a postdoctoral pos-
ition elsewhere. Mia transitioned from molecular biologist to vascular biologist,
following a supervisor’s specialisation, and then through the work moved into
engineering.

Sometimes, secure employment was an enabler for interdisciplinary research aspira-
tions. For example, Anna was only able to consider an interdisciplinary project in
IRC2 once she was in a continuing academic position.

The employment route into interdisciplinary research required flexibility and adap-
tation but was not necessarily counter to the agency of the researchers, who made
decisions based on a range of criteria including their interests.

Research grants

The perceived availability of grants—whether internal or external, small or large—for
interdisciplinary research was a keen topic among EMCRs. Some had secured funding,



1392 (&) N.SPENCEETAL.

while many were still seeking it. They saw value in small university internal grants, ‘to
help us get these bigger external funds’ (David). IRCs provided seed funding—Elena
happily received a medium-sized grant from IRC2 that allowed her some research
freedom. One researcher intended to stay in a particular School because of generous
funding and support for research. In other words, interdisciplinary EMCRs have
similar concerns to other EMCRs. However, on top of the usual lack of experience
and tacit knowledge that hampers applications, the complexity of interdisciplinary pro-
jects and the opacity of evaluation processes increased uncertainty.

Several EMCRs felt that funding programs were not receptive to applications for inter-
disciplinary research. One interdisciplinary application by David’s team received a scath-
ing review suggesting that it take a completely different, disciplinary, approach. Thomas
had been chasing funding for an interdisciplinary communications technology design
project for years, citing difficulty in communicating research beyond reviewers’ usual
domains. Jason believed his interdisciplinary team may have reached an unspoken
quota limit after several initial grants.

Perceived attainability of grants and the probability of success influenced how EMCRs
expended their efforts, either towards interdisciplinary projects or greener pastures
elsewhere.

Discussion and implications

For many EMCRs, their way to interdisciplinarity was shaped by multiple reasons and
associated practices that were not mutually exclusive, and involved multiple, intertwined
pathways. Mia, who focused on the problem of ageing and chronic disease, indepen-
dently expanded her skills and fields and was greatly influenced by her multi-disciplinary
mentors. Her career weaved Problem Chaser, One Person Band and Teammate stories
and was shaped by cognitive-epistemic and social-cultural considerations. Diane
chased available employment when unable to move cities and applied for a role in a
local large interdisciplinary project. Subsequently, she contributed to its experimental
design and data collection to, for example, ensure gender parity in research subjects,
and was writing a grant application to extend the project. Moving from seeking employ-
ment to chasing problems, her research career was initially shaped by material-economic
considerations. Like that of Carol, it has not followed normal routes and has lagged
behind contemporaries in promotion, if still affording levels of epistemic agency doing
interesting work.

Others drop in and out of these pathways to return to disciplinary research. Some strad-
dle several paths simultaneously. For example, some EMCRs were Niche Providers and
Facilitators and Connectors as they used their specialised expertise to facilitate interdisci-
plinary teamwork. This is well illustrated by Thomas, a designer, who used his expertise in
design thinking to identify wicked problems in ‘that tame [if often still complex] space’
towards which scientists can aim their research. William, in business, also used design
thinking as a ‘wingman’ to a team of STEM researchers exploring commercialisation.

It should be noted, though, that there is a limit to what should be asked of junior team
members. Lindvig (2018) found that principal investigators unfairly expected PhD can-
didates to be the connectors between disciplines, and cautioned that PhD candidates,
often with a niche skill connecting them to other teams, should not be over-burdened.
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Notwithstanding, EMCRs in the study expressed interest in connecting, facilitating, and
leading.

It is reasonable to assert that for a sustainable interdisciplinary research career (i.e.,
not only starting but continuing with interdisciplinarity), there is a need for multiple
pathways and greater support systems, including conducive employment frameworks,
resources, and training to address the serendipitous and often ad hoc nature of interdis-
ciplinary research. Interdisciplinary researchers need but do not always experience
supportive and hospitable environments. Opportunities to network outside a home
School will assist researchers in looking for gaps and intersections with other disci-
plines leading to new research foci. Further, as students, they might experience bar-
riers and overlaps in multidisciplinary studies, double majors, and double degrees.
Purposely designed programs in interdisciplinary areas such as systems biology (Cvi-
jovic et al., 2016) or nanotechnology (Goonewardene et al., 2016) can mitigate this. By
engaging with potential interdisciplinary PhD candidates beyond Schools, such as
through undergraduate interdisciplinary projects addressing real-world problems
(Legler et al., 2010; Raicu & Furst, 2009), interdisciplinary options become more
visible. Removing the serious administrative barriers to PhD supervision from mul-
tiple faculties is another useful measure.

While individual agency is key, personal development and career support, flexibly
available and adaptive to individuals, are also needed for each of the pathways. As
such, for those predominantly One Person Band, EMCRs could be assigned a mentor
to follow their progress, provide relevant guidance and connections to academics and
technicians as conduits to relevant knowledge, techniques, facilities, and instruments,
as well as to help them overcome occasional unproductive side tracks or pressures.

Those engaging on the Niche Provider path could benefit from consultation on career
planning and research goals that leverage their skills (e.g., first authorship on a paper,
negotiating recognition for contributions, and how to secure other tangible outcomes rel-
evant to professional development). Niche seeking is an identified mechanism for coping
with disciplinary demands in interdisciplinary research and can help the academic justify
that work to their department (Woiwode & Froese, 2021). The niche provider from a
more distant discipline will rely on team members’ open-mindedness towards their
input on research design or data collection. They may be junior to those to whom
they provide advice, and so prospectively benefit from developing relationship manage-
ment and facilitator skills.

Problem Chasers value the freedom to work with others to solve a challenge or ques-
tion that they perceive as important and that can be passionately pursued. The imperative
of the problem dictates preferred collaborators and activities, both within and outside the
university. A study of interdisciplinary output found that it is increased by ‘having pub-
lished at least one paper with a researcher employed in industry’ (Carayol & Thi, 2005,
p. 76). Specifically for Problem Chasers, but also for other interdisciplinary researchers,
flexible access to resources (e.g., funding, equipment, and connections) and removal of
administrative barriers (e.g., inter-School funding and collaboration) are useful.
Funded project support that includes ‘permission’ to approach senior researchers is
also a feature of helping EMCRs towards leadership in research (Gibson et al., 2019).

The Connector and Facilitator can feel challenged by the complexity of a project and
‘disconnected from faculty and peers, having to span boundaries between areas,
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departments, and knowledge bases’ (Gardner, 2011, p. 88), and is deserving of a commu-
nity of practice. They could benefit from networking opportunities with others in similar
roles and recognition for their contributions. This might include specifying project roles
in design and facilitation. This might also include training in interdisciplinary knowledge
integration processes (Larson et al., 2011), Integration and Implementation Sciences
(Bammer, 2013), or design thinking. Being clear on how research is conceptualised
and coordinated across disciplines is important for epistemic and practical consider-
ations (Leigh & Brown, 2021).

While EMCRs on the Teammates path tend to be surrounded by diverse practices and
potential mentors and connectors, they could benefit from introductions to researchers
in other disciplines and from regular seminars, networking events and being shown the
bigger picture beyond their role. The networks available in and through both closely col-
laborative and more loosely organised teams can influence researchers by bringing them
‘closer to burgeoning research trends’ (Heffernan, 2021, p. 991). Physical spaces that
allow casual observation and conversations across teams assist EMCR development
and peer support, which has been recognised as extremely valuable to developing aca-
demics, especially in implementation science (Dickson et al., 2021).

Heterogeneity in teams is linked to creativity (Pennington, 2016) and the interdisci-
plinarity of team members (Carayol & Thi, 2005). The size of a lab can influence inter-
disciplinarity: in larger labs, researchers tend to stay within their specialisation while
smaller labs require researchers to touch upon multiple research areas (Carayol & Thi,
2005). In addition, mentoring can have varying usefulness (Boeren et al., 2015). Struc-
tured support for EMCRs, such as training in developing interdisciplinary perspectives
and skills, can supplement teammates.

For Employment Seekers, networking opportunities are key to gaining employment,
although access to strategic networks can be unequal, e.g., between genders
(Heffernan, 2021), so equitable inclusion is a consideration. If EMCRs are lucky, they
land in an interesting field for which they have or find an affinity, and which affords
career agency and progress. As for niche providers, employment seekers may benefit
from targeted mentoring and the leeway to pursue an aspect of personal interest.

More stable employment and research funding can assist EMCRs in finding the work
that is important to them, regardless of their pathway into interdisciplinary research.
Interdisciplinary EMCRs will particularly benefit from a career path ‘in which uncertain-
ties are minimized and options are maximized’ (Le, 2023, p. 11). A ceiling for ongoing
employment for interdisciplinary researchers has been identified as the ‘perpetual
research fellow problem’ in which lack of disciplinary teaching roles (the usual route
to promotion) consigns many researchers to remain at one level of employment (Lyall,
2019, p. 114).

In pursuing research grants, EMCRs need support in preparing and writing grant
applications, with guidance on the complexities of including multiple disciplines, and
time to integrate those aspects. How to write to appeal to disciplinary evaluators of an
interdisciplinary project is one such skill. Although grant programs specify interdiscipli-
narity, it is still difficult to write an application to appeal to diverse reviewers and part of
the responsibility lies with the funders to ensure appropriate evaluation (Lyall, 2019).
Communications through inclusive networks can inform EMCRs about access to inter-
disciplinary opportunities, which they may not hear about through a disciplinary
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department (Gardner, 2011). An interdisciplinary project, from grant application
onwards, will require skills and professional development in, e.g., consultative leadership,
project management and cross-disciplinary knowledge integration: the skills of the Con-
nector and Facilitator. University and IRC programs targeting interdisciplinary project
development across Schools are a useful step.

Conclusion

Our study shows that some EMCRs craft or choose their way while others “fall” into inter-
disciplinary research. It also briefly highlights the barriers, in particular how reward and
support systems are not commensurate with the university’s stated high-level commit-
ments to interdisciplinary research. Cultures of exclusion can exist around disciplines,
which, coupled with the power imbalances experienced by EMCRs, are antithetical to
the transparent, open, and supportive environment needed for interdisciplinary work
and learning. Responsibility for the practices within cultures and for changing them
lies with those who enact those practices (Kemmis, 2022): the institution (e.g., expanded
promotion criteria); teams (e.g., flat structures inviting equal contributions); and individ-
uals (e.g., active open listening).

While interviewees faced similar barriers as do disciplinary researchers, there was a
distinctive lack of support for interdisciplinary research, especially for EMCRs, which
required strong individual agency from those choosing to be interdisciplinarians. An
unclear way forward, isolation, and the prospect of less advancement acted as barriers
to embarking on interdisciplinary research pathways. We have suggested ways to assist
academics becoming interdisciplinarians, but more is needed to ensure sustainable
careers and clear pathways. This could include recognising research excellence that
comes from interdisciplinary work, such as: small, often key, contributions to team
papers; impacts on policy; or translation and commercialisation.

We are mindful that the findings represent the views of a small group of EMCRs from
one university and engaged in STEM-centric IRCs—only six interviewees from social
sciences and humanities. Accordingly, we do not claim the findings are exhaustive but
illustrate possible pathways into interdisciplinarity, as reflected in the data.

No matter how researchers come to be interdisciplinarians, a long-term interdisciplin-
ary career will require a personal (cognitive-epistemic) affinity and passion for solving
interdisciplinary research problems and systemic support for that career that involves
social-cultural and economic-material aspects at multiple levels. Universities, research
institutes, teams, and individuals, therefore, need to deliberately, daily practice and
produce effective structures and support for interdisciplinary EMCRs (Lyall, 2019)
within a culture of support, recognition, and reward for interdisciplinary research.
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