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ABSTRACT KEYWORDS
Interdisciplinary research networks are increasing, with professionals Interdisciplinarity; doctoral
encouraged to undertake research across disciplines to increase education; social capital;
innovation, creativity and knowledge. More recently, this interdisciplinary interdisciplinary; study
focus is being mirrored by the establishment of interdisciplinary doctoral ~ Program: healthcare
research networks. But do these networks work? And if so, how and why? education and training
We employ social capital theory to (a) understand the lived experiences of

students in interdisciplinary doctoral programmes and (b) build

programme design theory to support the development of social capital

within such programmes. We present the results of 28 semi-structured

interviews conducted with doctoral students from three European Union

funded interdisciplinary research training networks to understand how

they perceive the enhancers, inhibitors and manifestations of social

capital within their networks. Key themes revolve around ‘extracting value

from the interdisciplinary process’, ‘motivating students throughout the

interdisciplinary programme journey’, and ‘relating to others both within

and external to the programme’. We propose a framework for

interdisciplinary programme design.

Introduction

Interdisciplinary research is increasing in both quantum and influence (Van Noorden 2015), driven in
part by the increasing and urgent need to address contemporary societal challenges. Interdisciplinary
collaboration is promoted as a strategy to develop new avenues of scholarly inquiry and generate
knowledge that is immediately applicable to the resolution of real-world problems (Wall and
Shankar 2008). Funding agencies have increasingly demonstrated preference for interdisciplinary
research (Luks and Siebenhiiner 2007; Martimianakis and Muzzin 2015). Interdisciplinary research
can be a disrupter — driving innovation and increasing creativity while pushing back existing scientific
knowledge boundaries: ‘there’s something in the conversation between multiples that creates maybe
new lines of flight, new directions, new inspirations, new energy or new possibilities” (Martimianakis
and Muzzin 2015, 1462).

Much of the evidence for the positive aspects of interdisciplinary research is based on empirical
studies of interdisciplinarity at the level of the mature, established academic. However, at the doctoral
level, where the opportunity to embed interdisciplinary skills and networks may be greater, questions
remain unanswered. Such questions include: How do interdisciplinary doctoral networks work in
reality? Is it sufficient to form these doctoral student networks and assume they will ‘just work'? In
this paper, we employ social capital theory within an interdisciplinary context to (a) understand
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the lived experiences of students in interdisciplinary doctoral programmes and (b) build programme
design theory that can support the development of social capital within interdisciplinary doctoral
research networks. We explore how students undertaking doctoral studies within three European
Union funded interdisciplinary research training networks perceive the enhancers, inhibitors and
manifestations of social capital within their networks.

Firstly, in the following section, we examine the theory of social capital, the concept of interdisci-
plinarity, and how these apply in a doctoral student network. We develop operational definitions of
both social capital and interdisciplinarity and consider the links between the two concepts. Secondly,
we present the findings of a qualitative study and propose a framework within which the interdisci-
plinary doctoral experience can be understood and potentially be better managed. Finally, we discuss
the implications and findings of this work against the backdrop of contemporary literature. The main
contribution of this paper is to present a framework for the management of an interdisciplinary doc-
toral programme. We add to research on interdisciplinarity and fourth level education by describing
the particular challenges associated with the recognition and extraction of value within an interdis-
ciplinary PhD network due to the seemingly opposed forces of disciplinary depth and interdisciplin-
ary breadth. Our framework describes how both strong and weak ties are required in such contexts
and how these are facilitated by the development of a lingua franca or a shared language across the
disciplines involved. We also identify societal motivation as particularly important in combatting the
uncertainty inherent in such confusing and relatively unstructured doctoral studies environments.

The role of social capital in interdisciplinary doctoral research networks

Interdisciplinarity has been defined as ‘the interaction among two or more different disciplines’
(Berger 1972, 25) and ranges from ‘simple communication of ideas to the mutual integration of
organising concepts, methodology, procedures, epistemology, terminology, data, and organisation
of research and education in a fairly large field’ (Berger 1972, 25). An interdisciplinary group, accord-
ing to (Berger 1972, 25-26), is one that includes those trained in different fields of knowledge (dis-
ciplines) working together on a common problem in a way that requires continuous
communication across disciplines. This constant and integrative level of communication inherent
in the interdisciplinary concept (Hattery 1986) forms a connection or bridge between disciplines
that facilitates the resolution of ‘actual’ problems (Brewer 1999) through the creation of ‘a kind of
meta-knowledge’ (Karlgvist 1999, 379). ‘Interdisciplinarity is a means of solving problems and answer-
ing questions that cannot be satisfactorily addressed using single methods or approaches’ (Klein
1990, 196). Therefore, for interdisciplinarity to be effective, communication is a vital component.
Interdisciplinarity often flounders on the very rocks on which it must build - those disciplinary
foundations that offer the initial depth of expertise that is leveraged in the interdisciplinary effort.
These blockages can be structural, epistemological, practical/professional, and sociological in
nature. Examples of structural blockages include the formal barriers between disciplines created
by the institutionalised university structure (Braddock, Fien, and Rickson 1994); the difficulty in pub-
lishing interdisciplinary work due to the inherently disciplinary nature of the peer review process (Fry
2001), and the lack of value placed upon interdisciplinary pursuits in academic hiring and pro-
motional processes (Brewer 1999; Fry 2001). Epistemological differences include the nature of knowl-
edge and means of acquiring such knowledge (Bradbeer 1999; Brewer 1999). For example, while
qualitative work is welcomed and valued in particular spheres, other disciplines may accord a
higher level of respect to quantitative work (Fry 2001). This adds to already present personal chal-
lenges in winning the respect and trust of interdisciplinary colleagues (Brewer 1999). Interdisciplinary
education has flourished in particular sectors including health (Arenson et al. 2014) and engineering
(Ishida et al. 2017). Interdisciplinary engagement is frequently achieved through teaching and learn-
ing methods such as Problem-Based Learning (Stentoft 2017) or Project Based Learning (Stozhko
et al. 2015). However, Martimianakis and Muzzin’s (2015) participant accounts show that ‘orienting
one’s academic work around interdisciplinarity requires considerable ‘managing’ of one’s career,
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including negotiating new conceptual spaces and overcoming structural barriers’ (Martimianakis and
Muzzin 2015, 1466). At the micro level, the sociological process of communicating across disciplines
can also be frustrated by the use of different, often specialised ‘languages’ employed by sometimes
insular disciplinary communities (Nagy and Townsend 2012). Given that interdisciplinarity seeks to
‘design, implement, and bring to a consensus the results of a systematic investigation’ of a particular
problem (Bruhn 2000, 58); and taking into account the need for constant inter-communication dis-
cussed above, overcoming this language barrier can be one of the most crucial challenges for an
interdisciplinary team.

Social capital theory offers a theoretical approach to explain how such individuals, groups, and
organisations manage relationships and access knowledge resources (Filieri et al. 2014). Pierre Bour-
dieu defined social capital as ‘the aggregate of the actual or potential resources which are linked to
possession of a durable network of more or less institutionalised relationship of mutual acquaintance
or recognition’ (Bourdieu 1985, 248). Putnam (1993, 167) added ‘features of social organization, such
as trust, norms, and networks, that can improve the efficiency of society by facilitating coordinated
actions’, and ‘connections among individuals - social networks and the norms of reciprocity and
trustworthiness that arise from them’. Social networks have value because they allow access to
both Bourdieu’s resources and Putnam’s social attributes (Kadushin 2012). The fundamental and con-
sistent definition of social capital focuses on resources embedded in social relations and social net-
works (Lin and Erickson 2008). The cognitive dimension of social capital concerns shared
interpretations and systems of meaning and shared language and codes, attitudes and beliefs that
provide the foundation for communication (Gooderham 2007; Krishna and Uphoff 2002; Uphoff
2000). The relational dimension of social capital refers to such facets of personal relationships as
trust, obligations, respect and even friendship, which together increase the motivation to engage
in knowledge exchange and teamwork (Gooderham 2007). Social capital has been reported to
increase the efficiency of knowledge transfer by encouraging cooperative behaviour (Nahapiet
and Ghoshal 2000).

Enns, Malinick, and Matthews (2008) similarly found that the majority of ties to potential resource-
rich positions were weak ties located inside the community. Strong ties are those that are intense,
frequent and multiple in terms of relationship types, while weak ties form links between groups
and are frequently an important resource in terms of social capital (Granovetter 1973). Researchers
who have interdisciplinary collaborations have been shown to be more productive, suggesting
that the following are key to social capital: numerous ties, a central position, partners from
different areas of knowledge, and being part of a network (Gonzalez-Brambila 2014). Indeed, social
ties to a wide variety of skills, knowledge and perspectives appear to act as a social resource that
offers a variety of benefits (Magee 2008). Indeed, Pilbeam, Lloyd-Jones, and Denyer (2013) found
that doctoral students benefit from the social capital available within their particular network and
especially value the support, validation of personal progress, problem-solving and personal develop-
ment. Their study of doctoral students reported facilitators to network formation that included shared
experience, knowing that others were struggling with the same experience, and the notion of a
common unique purpose (striving to attain a doctorate). Students engaged in an interdisciplinary
doctoral programme indicated, however, that there was a lack of peer support, institutional
support, and lack of structure (Gardner 2011).

So we know that social capital is exceptionally important to doctoral student networks (Pilbeam,
Lloyd-Jones, and Denyer 2013), that social capital requires cognitive and relational elements (Good-
erham 2007; Krishna and Uphoff 2002; Uphoff 2000) and that interdisciplinary research often oper-
ates within structures, epistemologies and professional practices that are antithetical to the
development of such cognitive and relational elements (Bradbeer 1999; Braddock, Fien, and
Rickson 1994; Brewer 1999; Fry 2001). What is not clear from the literature, however, is whether
and how social capital can be developed and leveraged by individuals within the network despite
interdisciplinary differences. We go on to explore this setting with a view to developing a framework
that may answer this question.
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Context

In 2014 and 2015 the European Union awarded funding' to 3 pan-European consortia to develop and
deliver structured doctoral training in the area of Connected Health. Connected Health refers to ‘a
conceptual model for health management where devices, services or interventions are designed
around the patient’s needs, and health-related data is shared, in such a way that the patient can
receive care in the most proactive and efficient manner possible’ (Caulfield and Donnelly 2013). Con-
nected Health is impacted by multiple drivers including technology, healthcare, business and policy
(Mountford et al. 2017) and therefore requires an interdisciplinary research approach. CHESS (Con-
nected Health Early Stage Researcher Support System network?) has 15 doctoral students drawn
from a wide variety of disciplines (doctors, physiotherapists, computer scientists, electrical engineers,
business). While each student works on a discreet doctoral research project, as a whole these projects
hope to increase and expedite adoption of Connected Health models. CATCH (Cancer — Activating
Technology for Connected Health®) is composed of eight doctoral students from a variety of disci-
plines (medicine, computer science, physiotherapy) who will bridge the gap between cancer survi-
vors’ depleted physical and emotional state, and their ability to return to a fully functional societal
role through technology supported physical exercise (Mountford et al. 2018). TEAM (Technology
Enabled Mental Health®) focuses on key challenges in youth mental health: delivering new technol-
ogies to support rapid, large-scale, and early assessment, prevention and treatment and comprises of
15 doctoral students with qualifications in psychology, computer science, interaction design, health
sciences, and law. Due to the requirements of the funding programme, all students were required to
have been resident outside the country in which they undertook the PhD programme for more than
12 months in the preceding 3 years. For this reason, many of the students were working outside their
home country. Some travelled from other European countries, others from outside the EU, with some
returning to their home country after a period living abroad.

In each programme a cohort of PhD students, based in a number of universities and non-academic
partner organisations work on discrete doctoral research theses that together aim to address larger
societal challenges. Where students are based in non-academic organisations they are registered for
their PhD studies within one of the academic partners within the consortium. All students across the
programme are supervised by a primary academic supervisor for the purpose of their PhD studies.
They are also supported by a doctoral studies panel which has a minimum of one additional aca-
demic supervisor and one non-academic supervisor. While the students receive no formal training
in interdisciplinarity, they are expected to interact and engage in an interdisciplinary way. Each of
the programmes incorporates specific tasks beyond the doctoral thesis that must be completed as
an interdisciplinary group. For example, the CHESS programme includes the collaborative develop-
ment of a Connected Health Index that would allow Connected Health progress to be tracked
based on various multi-disciplinary measures — ICT infrastructure, business models, integrated care
models, etc. Students meet each other face-to-face at least once per year at a week-long summer
school and maintain ongoing communication through a formal web-based forum as well as informal
social media groups such as Facebook and Whatsapp. Each student undertakes an ‘intersectoral sec-
ondment’ of at least 3 months (maximum 18 months) duration during their programme. This means
that a student hosted in industry will spend time in an academic member of the consortium, while a
university-based student will spend time in either an industry or healthcare setting. While not true of
all students in the programmes, many of them will spend this secondment time in a different country
offering additional international exposure.

Three of the authors had varied involvement in the development and delivery of these pro-
grammes. NM was involved in the writing of the proposal documents that secured the funding for
the above programmes; TK was the administrative manager for the CATCH programme; and TC
supervised one of the PhD students on the CHESS programme. MC was not involved with any of
the programmes and conducted all of the qualitative interviews with the students. He was hired
specifically to conduct this piece of research and had no previous involvement with the students
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or their supervisors. MC anonymised the interview data and withheld this information from the other
three authors given their ongoing involvement with the programmes. At no point did TC see or
review her own PhD students’ interview transcripts as it was deemed likely that her level of knowl-
edge would make the student identifiable from the transcript. The funding for this research on the
student experience was provided by a data analytics research centre (Insightcentre.org) and was
completely unrelated to the funding that underpinned the programmes provided by the European
Union. All these facts and measures were communicated to the students involved in an effort to
address any perceived or actual power relations. The project was reviewed and granted an ethical
exemption by the research ethics committee of University College Dublin. All interviewees gave
informed consent for the interviews.

Methods

Twenty-eight one-to-one semi-structured interviews were undertaken with twenty-seven doctoral
students (one was interviewed twice) from across the three programmes (either face-to-face or by
Skype) with a view to understanding their lived experience on their corresponding interdisciplinary
doctoral programme. All informants demonstrated ‘thorough enculturation’ and ‘current involve-
ment’ in an interdisciplinary doctoral programme (Spradley 2016, 46). All interviews were undertaken
by one author (MC), were audio recorded and were transcribed verbatim with a view to preserving
the true voice of each informant. The interviews averaged 48 minutes and 14 seconds (48'14”) in
length with the shortest interview lasting 36'22” and the longest 59'05”. An interview topic guide
encouraged the interviewer to cover topics such as ‘the student’s background before the pro-
gramme’, ‘expectations coming into the programme’, ‘experience of the programme’, ‘skills develop-
ment’, and ‘future plans’. A summary report was generated after each interview as a means of
recording early observations and refining further questioning, for example following saturation of
participant response. For each of the doctoral students, the interviews were undertaken at
different points in time over the first two years of their doctoral studies (for further details, see
Table 1). The CHESS students had for the most part been in post for longer than those in the
TEAM and CATCH programmes owing to the fact that it was funded one year previously. Table 1 pro-
vides an overview of the interviewed students’ disciplinary backgrounds on entering the programme.
Thematic analysis was undertaken using the method suggested by Braun and Clarke (2006). This
method of thematic analysis involves identifying, analysing, and reporting patterns (themes)

Table 1. An overview of the students interviewed.

Stage of PhD Stage of PhD
Student Disciplinary background studies Student Disciplinary background studies
001 Physiotherapy 18-24 months 015 Psychology 3-6 months
002 Computer science/human 0-3 months 016 Physiotherapy 12-18 months
computer interaction
003 Medical doctor 12-18 months 017 Business 0-3 months
004 Sport & exercise science 6-12 months 018 Computer science/human 6-12 months
computer interaction
005 IT 12-18 months 019 IT 12-18 months
006 Psychology (2 interviews) Pre-PhD/0-3 020 IT 6-12 months
months
007 Law 0-3 months 021 IT 3-6 months
008 Physiotherapy 6-12 months 022 Biomedical engineering 12-18 months
009 Computer science/human 18-24 months 023 Biomedical engineering 18-24 months
computer Interaction
010 Computer science/human 3-6 months 024 Business 18-24 months
computer interaction
011 Medical doctor 18-24 months 025 Business 18-24 months
012 Sport & exercise science 6-12 months 026 Biomedical engineering 12-18 months
013 Psychology 6-12 months 027 Business 6-12 months

014 Psychology 3-6 months
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Sample Quotes

First-orderthemes

“I thinkwhat's really nice is that between all the PhD's we're kind of ina similar
situation intryingto get to grips with where you're going to fitinas partof the
wider program and equally already though I've benefited from justvery either
specific chats or general chats with the different members.” (ESR014)

First-level
theoretical
categories

\| Sharing experiences - both
personal and professional

Second-level
aggregate
categories

Community

“...everybody is thinking like ohthe user are the children nothe user isthe Relating in an
psychologistor the therapist...the user is....well there’s different words that Words and meanings change 5
have different meanings for everybody inthe field” (ESR002) from discipline to discipline N Language . u}te_r-

\ disciplinary
“I have better opportunities on collaborating with people from Sweden, going to context
this ENJECT school in London, and probably meet the people from MIT.” Opens up networks beyond Networks
(ER009) the PhD programme \_
“you have to learn how to...how to say the words...the things that you want to . R
say..toexplain them and make yourselfunderstood and you also haveto "“e"d'dsc}':"‘"a:‘y ‘a"ez time,

nderstand their point of view.” (ESR003] and the right attitude 5

understan ir point of view.” ( ) Expectations ( Extracting
“So I've got guys from all over...obviously X is kind of the business side of itand Others as encyclopaedi valuefrom
the engineering side of it with the stimulators...Y is the hospital side of it so, 'm borrowing perspectives to R -
doing my ethics now so sheis great to have on hand any questions regarding avoid blinkered thinkin B| Perceptions the inter-
ethics” (ESR002) 2 disciplinary
“But they may not be ableto share good knowledge...it's not actually very There's a time and a place: for Capacity experience

relevant. So it's better that each of uswork on our own thesis and whenever we
feel that we need to see each other we schedule [it]” (ESR021)

inter-disciplinary working and
within discipline working

N\

“I wanted a change and this PhD gave me the opportunity to do that so I'm not
reallyyoungso I'm closeto 40 andto change business contextif | want to start in
another type of business is difficult but with this PhO first1 have a salary, second |
wanted to start working in digital health” (ESR027).

\ Multiple internal drivers —
personal and professional,

Intrinsic Drivers

“To me research isn'tjust...its not something you do justto get a paper out. its
something you do to make a difference to actually changethe waywe practice
andwe do things, and if you're not intending on changing something then there's
no pointin doing it” (ESRO01).

security and chall

Seeking real change in the
world

| Extrinsic Drivers

i

“you don't know ifit going to work or not and moving to a different country with

Motivating in
an inter-
disciplinary
environment

| Uncertainty on multiple fronts
at once

adifferent language. the environment and meeting new people and you know [ Uncertainty
struggling with the paperwork from you know for the revenue and getting a PPS

number andall those kinda things..inthe beginningwas really hard for me..”

—
—/

Figure 1. The coding process.

within the data and minimally organising and describing the data set in detail. However, it also often
goes further than this and interprets various aspects of the research topic (Boyatzis 1998).

All authors familiarised themselves individually with the complete data set through an initial
reading, noting early ideas. A random sample of 10 interviews were then selected and this sample
was read in detail by all authors. Each author developed their own ideas regarding the themes
which were emerging from the data. Following several detailed discussions an agreed coding frame-
work was developed. These codes were subsequently used to systematically identify interesting fea-
tures of the data across the entire data set, and to collate data relevant to each code. The authors then
discussed the coding structure and areas of agreement and disagreement. Disagreements were
resolved through discussion. A redrafted coding structure was developed and all transcripts were
recoded, each transcript being coded by a minimum of two authors. Codes were collated into poten-
tial themes using an inductive ‘bottom up’ (Blair 2015) approach and all data relevant to each poten-
tial theme was identified. Discussion took place between all authors regarding how the themes
worked in relation to the coded extracts and the entire data set and a thematic map was generated
(see Figure 1 for more detail). The focus of this study was on examining the implication of disciplinary
background in relation to the experience of being part of a PhD network. While some students did
discuss their experience of cultural differences and in some cases the practicalities of moving to a
new country, particularly if they had children, these differences were not considered to be
sufficient to warrant subgroup analyses.

Findings: the lived experience of the interdisciplinary doctoral student
Relating in an interdisciplinary context

The doctoral students interviewed placed much emphasis on community, experiencing it as a crucial
resource, supporting them through the PhD journey. They identified challenges inherent to being
part of an interdisciplinary community including the necessity of developing a common language
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to bridge the interdisciplinary divide. As both PhD students and supervisors were drawn from diverse
professional backgrounds and contexts, communication was recognised as vital to community devel-
opment. Finally, doctoral students clearly valued the networking and collaboration opportunities
afforded to them both within and outside the programme.

Community
The doctoral students placed both personal and professional value on a supportive community
where students are in

a similar situation in trying to get to grips with where you're going to fit in as part of the wider program ...
(Student 014)

This included both

specific chats or general chats with the different members. (Student 014)

Being part of the training network community enabled PhD students to evaluate their own
progress:

It's really important especially to have PhDs that are a little bit further than you so you can see that the process
that you are following, it's normal ... (Student 006)

This community engagement allowed students to come together to ‘talk and share ideas and
opinions’ (Student 007). Personal and professional support manifested as a natural, unintended con-
sequence of involvement in the network. As one student said of their interdisciplinary colleagues:

it helps you frame a problem differently and then suddenly you get a new perspective and that you wouldn’t get
if you were doing all alone. (Student 014)

Language

Being part of an interdisciplinary network necessitated an additional level of learning. Developing a
common shared language was important so students could build their knowledge and create a new
understanding for themselves, particularly considering the diversity of professions with profession-
specific terminology:

you have to learn how to ... how to say the words ... the things that you want to say ... to explain them and make
yourself understood and you also have to understand their point of view. (Student 003)

when you are lawyer and you are confronting with an engineer you have a different language, different meaning
and so that's fascinating but that could be a boundary. (Student 004)

Indeed, students found that different words meant different things depending on their pro-
fessional background:

... everybody is thinking like oh the user are the children no the user is the psychologist or the therapist ... .the
user is ... well there’s different words that have different meanings for everybody in the field. (Student 002)

Networks

PhD students valued the opportunity to build new networks (and access existing networks) as an
investment in their future. A number of students referred to a parallel European network in Con-
nected Health:

... because we had like the same experience, similar experience, it could be a support network. It depends on the
relationship we develop. Maybe some of them could be good friends, a supportive network to get advice later on.
(Student 010)

Network nowadays is very important. If you want to, um, move on with your professional career, you definitely have
to have ... to know people. And |, mean, it's not only in academia, it's also in industry, everywhere. (Student 020)
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Extracting value from the interdisciplinary experience

The doctoral students outlined their initial expectations and discussed how these had translated into
the reality of the programme. They articulated different perceptions of value — some students focused
on the ability to access knowledge that they would otherwise struggle with, seeing their colleagues
from another discipline as disciplinary encyclopaedias, whereas others saw value in the different per-
spectives that such colleagues might offer on the same problem or challenge. Finally, students out-
lined the challenges of meeting both disciplinary and interdisciplinary objectives within the
timeframes available to them.

Expectations

Intuitively, before coming onto the programme the doctoral students understood that there would
be people from backgrounds other than their own - but they nevertheless expressed surprise at the
reality of the experience suggesting a lack of up-front information as to the nature of interdisciplinary
work:

| had no idea that it was going to be like this ... that CHESS was going to be a big group like this and with all the
supervisors and you know all the collaborations that we have with different industries and other academies and |
couldn’t imagine that insight was like this no idea ... | had no idea ... (Student 003)

Interdisciplinary activities take extra time, but this was not clear to most of the students in advance
of starting their programme:

... it's more delayed than everybody thought ... most of all what the supervisors thought ... and it’s taking longer
than what people thought ... (Student 003)

Managing students’ expectations of the interdisciplinary process might address some of this poten-
tial conflict or misunderstanding. Indeed this could help students appreciate the benefits that accrue
from what can be a difficult process. An example of such a misunderstanding occurred during a con-
versation between two students on CHESS who were both from different backgrounds. A student on
the programme with an IT background suggested that doctors were the only ones permitted to kill.
Student 003, who had a background as a medical doctor, responded to their comment as follows:

... it's like ok ... relax ... because he has totally no idea ... so you have to explain properly how it is and what it does
mean ... so sometimes it’s a bit hard. (Student 003)

Perceptions as to value

The doctoral students who saw value accruing from the interdisciplinary experience tended to speak
of such value from two complementary angles. The first saw the interdisciplinary colleague as a dis-
ciplinary encyclopaedia that could shortcut their need to wade through large amounts of literature to
answer questions that arose outside their own discipline. There was an understanding that this was a
give and take process, one of lending and learning (Student 024):

... Xis kind of the business side of it and the engineering side of it with the stimulators ... Y is the hospital side of
it so, I'm doing my ethics now so she is great to have on hand any questions regarding ethics. Z knows pretty
much everything to do with stimulation and then W, she’s really good to have cause she’s kind of a level
head on the academic side of it. (Student 004)

A second view of value positions interdisciplinary as an antidote to potential blinkered
perspectives:

If you're such an expert in your topic you don't realise that other experts are doing it in a different way and don't
think if how you could do it in a different way. (Student 010)

each of us has a different point of view, different ideas, but you have to find a way of doing something that is
going to be worth it for the final user but you have to find your common path in that. (Student 003)
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One student summarised the end result of this access to multiple perspectives through the inter-
disciplinary doctoral programme, describing how, for them, it has

pushed the multidisciplinary bubble boundaries of research. (Student 005)

The value of the interdisciplinary interactions may, however, be somewhat intangible. Reflecting
on their first 6 months in the programme, Student 014 described how s/he had learned a lot because
of this variety of backgrounds, but that

there isn't necessarily a lot of tangible evidence but there is a lot of say reflective experience in development in
that sense, although it’s just not tangible. (Student 014)

Capacity

Bridging interdisciplinary boundaries requires time and effort. We have already discussed the
language barriers that must be overcome as well as the unexpected messiness of interdisciplinary
working and the time it takes to understand different perspectives on the same issue. When a
student attends a conference of another discipline, they often fail to find value in it. In a similar
vein, students have had some poor experiences where presenters have presented as if to an audience
comprised of their own discipline, rather than a mix of multiple disciplines:

if you're sitting and talking for three hours about some complex data mining or something ... you've lost me ...
sorry. (Student 001)

Students recognised a need to maintain a disciplinary network alongside their interdisciplinary
network. This ‘home’ network can offer advice as to appropriate literature and in-depth advice
with theory. Students suggested that it was only if they needed something outside their field, for
example, access to a particular technology company, or advice on ethical issues, that they tapped
into the interdisciplinary network.

But they may not be able to share good knowledge ... it's not actually very relevant. So it's better that each
of us work on our own thesis and whenever we feel that we need to see each other we schedule [it].
(Student 021)

Motivating in an interdisciplinary environment

The diverse personal motivators across the interviews offer an insight into the rationale when
deciding to undertake the personal and academic commitment that the interdisciplinary training
network requires. Motivation to engage is key to the development of social capital (Gooderham
2007) and our doctoral students speak of both personal and societal motivators. We refer to
‘personal motivators’ as those that are linked to the students own gains: career, skills, networks,
etc. We consider ‘societal motivators’ to be those linked to seeing improvement in others’ lives
as a result of the students’ actions: either individual others, or society as a whole. We find,
however, that the uncertainty inherent in a programme of interdisciplinary doctoral studies
can endanger such motivation if not managed or where students have insufficient coping
mechanisms.

Personal motivators
Some joined these interdisciplinary training networks primarily to obtain a PhD degree:

My focus for this whole of this is to achieve a PhD. (Student 001)

The PhD for some was, however, a means to another end - a change in career or a different way of
life while others felt that to advance in the field of connected health a PhD was necessary. While some
students wished to change their career, others simply wanted something to challenge them or tackle
the boredom they felt. A trained physiotherapist, Student 001 had become
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a bit bored of clinical physiotherapy [and] had a desire to branch out and learn new things. (Student 001)

Student 012 wanted another way of investigating their passion — ‘physical activity and technology’
(Student 012), motivating their move to become involved in research. Therefore, personal and
rational factors are intertwined and deeply connected in the decision-making process. Some students
expected their interdisciplinary experience to make them unique in their exposure to multiple disci-
plines and therefore more employable on completion:

One of the things that kind of drew me to this project ... it was the fact it was across three different sectors like
industry, academia and clinical ... | think that's really good for me in terms of kind of professional development.
(Student 004)

Interdisciplinarity was seen by students as better reflecting ‘the real world’ as opposed to the more
siloed university environment:

you need to be able to link in with people of other professions, to empathise with them, to understand their pos-
ition, what their priorities are and to kind of see how they view you as well. (Student 008)

Uncertainties

While a level of uncertainty will always be present in a PhD, this is increased in an interdisciplinary
network. Doctoral students in these programmes were working outside their home country, in an
interdisciplinary context, while also undertaking an intersectoral secondment:

you don’t know if it's going to work or not and moving to a different country with a different language ... the
environment and meeting new people and you know struggling with the paperwork. (Student 003)

The mechanics of collaboration and interaction appeared to hold a level of uncertainty for stu-
dents who, even a year or more into their programme found it

... still quite unclear how we could support each other. (Student 010)

Some of the students have found ways of managing the uncertainty. Student 014 describes her
concern over the uncertainty/ambiguity of her planned secondment:

I think when I first started | was very worried about that but | went to visit them when | was in Seville and I've met
with [host name redacted] since so | have a better idea of how the business works and what their expectations are
because | spoke to them about it kind of generally speaking. (Student 014)

Societal motivators

A desire to make a difference features strongly throughout the interviews — students were conscious
that research outputs were not only necessary for the advancement of their career, but to make a real
difference:

To me research isn't just ... it's not something you do just to get a paper out. It's something you do to make a
difference to actually change the way we practice and we do things, and if you're not intending on changing
something then there’s no point in doing it. (Student 001)

| don't just want to do a research and get a certificate of PhD. (Student 027)

This desire to make the research relevant can also be seen in the approach students took to con-
ducting research. They

want[ed] to find a company to work with which has a similar outlook. (Student 024)

to them in terms of their contribution to insurance and eHealth. This was also reflected in a desire for
synergy and feeling part of something bigger:

A lot of people, people in our group are asking the important questions of this time and it’s all contributing to one
bigger picture. (Student 005)
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Discussion: implications for the design of interdisciplinary doctoral programmes

At the outset of this paper we explained that while the case has been made for interdisciplinarity,
how it might work in reality at a doctoral programme level is lacking an operational level of detail.
Theoretically, while we know that developing social capital is key for doctoral students (Pilbeam,
Lloyd-Jones, and Denyer 2013), we also know that the cognitive and relational elements (Gooderham
2007; Krishna and Uphoff 2002; Uphoff 2000) required for that to happen are that much more difficult
to develop and maintain within an interdisciplinary research environment (Bradbeer 1999; Braddock,
Fien, and Rickson 1994; Brewer 1999; Fry 2001). Based on the findings articulated previously, we
propose a framework for the design of interdisciplinary doctoral networks that facilitates students
to develop and leverage social capital, securing the cognitive, structural, and relational elements
necessary to facilitate this process (see Figure 2 below). As (Dembharter et al. 2017, 1) identified ‘an
interdisciplinary PhD is a great chance for students to pursue truly novel research, a range of
different career paths, and a stimulating intellectual life. However, these benefits are often
accompanied by additional academic and logistical challenges’. We suggest that designing a PhD
educational programme with this framework in mind could assist in alleviating some of the additional
challenges experienced by PhD students.

Our framework uses the lived experience of the 28 doctoral student interviewees to capture the
essence of how social capital is developed and employed within their interdisciplinary networks. In
the first instance ‘the flow of information’ (Lin 1999) is facilitated through the establishment of social
ties that enable individuals within the network to relate, but these ties need to be of a strength that
allows students to realise informational, resource and sponsorship benefits (Seibert, Kraimer, and
Liden 2001). Secondly the students must develop the ability to recognise those informational,
resource and sponsorship opportunities when they see them, and have the capacity to absorb
them along those strong ties to extract value from the network through their increasing interdisci-
plinary social credentials. Finally, students must be willing to engage with other disciplines - the
motivation to make and leverage these interdisciplinary ties cannot be taken for granted. All these
elements serve to reinforce identity and increase professional recognition. Indeed ‘growing evidence
suggests that network diversity is a key indicator of an individual’s stock of social capital’ (Magee
2008, 326).

The number and strength of ties (relating)

While individuals are more likely to send resources along strong ties (Granovetter 1973), weak
ties are ‘indispensable to individuals’ opportunities and to their integration into communities’
(Granovetter 1973, 1378) broadening reach, extending networks and accessing social resources
(Enns, Malinick, and Matthews 2008). Our doctoral students clearly articulated strong pro-
gramme-based community ties offering valuable personal and professional support, but also
felt empowered to develop additional weaker ties with other groups. Establishing both strong
and weak ties offered the opportunity to build and develop the resources available to them.
It has been identified that ‘ties positively affect future productivity, so that it could be expected
that the higher the number of colleagues, the higher the future productivity’ (Gonzalez-Brambila
2014, 1616). Closed networks tend to be more productive than open networks due to the fact
that researchers within the network are connected to the majority of other researchers within
the network (Gonzalez-Brambila 2014). Gonzalez-Brambila's (2014) work suggests that ‘what
matters in social capital is having many ties, being in a central position, having partners from
different areas of knowledge, and being part of a non-dense network’ (1622-1623). In many
cases developing strong ties within the PhD consortium and weaker ties with tangential networks
enabled the doctoral students to understand that they can be centrally important within strong
tie situations (i.e. their own PhD network) while also building an understand of how weaker ties
can also be important.
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Figure 2. A framework for maximising social capital development in an interdisciplinary fourth level programme.

Language and communication are crucial elements for building social ties. Students saw the
development of a common and mutually understood language as essential to tap into the links
within and outside their network. A note of caution should be added that due to the international
nature of the students involved in this programme, many were operating in their second or third
language, therefore, adding a potential secondary impediment to their ability to communicate
across boundaries. Being able to communicate and connect with individuals within this diverse inter-
disciplinary group was the bedrock upon which strong ties were established and the foundation for
leveraging social capital. Building the skills required to relate to colleagues within and across disci-
plines and sectors is a key component of contemporary doctoral education. In addition, developing
a shared understanding of the role played by each discipline within the network is a central tenet of
successful interdisciplinary work. Both involve developing mutual trust and understanding of the
differing professional perspectives within the network. However, it is evident that additional time
and commitment are required to develop common language and understanding, and this may in
fact have slowed the pace at which individuals could access resources within their network.
However, we can only speculate at this stage that the additional time invested in developing and
growing both strong and weak ties will reap rewards in terms of the social capital that the doctoral
students will yield in their future careers as a result of their participation.

The ability to recognise and stream value along those ties (extracting value)

The premise of social capital is that investment in social relations will deliver expected returns (Lin
1999). This investment extends beyond simply forging a relationship. It also requires the investor
to know how, when and what to ask for in terms of the available resources within that relationship.
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The interdisciplinary PhD network offers students an opportunity to practice this art in a safe and sup-
ported environment before having to put it into practice in the real world. A business student begins
to understand firstly, the nature of the value that a computer scientist, doctor, or engineer can add;
secondly the language and approach that is best calculated to cause their interdisciplinary colleague
to release those resources along the social tie; and thirdly, when such resources might be of most
value, and might be most easily drawn down. Having learned these skills and having had the oppor-
tunity to practice them we anticipate they will have the ability to build stronger ties in their interdis-
ciplinary future — be that in practice or the academy. This know-how, regarding access to resources
will allow students to capitalise on their connectedness in the future — enhancing their research pro-
ductivity, improving quality, and increasing the novelty and innovation of their research projects. This
must be balanced, however, with a disciplinary experience and embeddedness that facilitates similar
relationships, know-how and practical experience within their discipline. Ultimately they are likely to
be more reliant on their disciplinary home turf (particularly if they remain in academia), reflecting the
structural, epistemological, practical/professional, and sociological constraints discussed in the early
sections of this paper (Bradbeer 1999; Braddock, Fien, and Rickson 1994; Brewer 1999; Fry 2001). Thus,
intra-disciplinary ties, access to resources and, in short, intra-disciplinary social capital are also vital.
Interdisciplinary PhD programmes must, therefore, invest both time and effort in supporting their stu-
dents in learning how to develop and maintain a foot in both inter- and intra-disciplinary social
camps. This includes provision of the skills, experience and role models necessary to negotiate the
new conceptual spaces that they wish to step into while overcoming the structural barriers (Martimia-
nakis and Muzzin 2015).

Our research shows that expectation plays a role in students’ ability to extract value from the inter-
disciplinary experience. Although the direction of causation is uncertain, there is a definite correlation
between those whose expectations are met or exceeded, and those who feel that they have
benefited from the interdisciplinary experience. Expectation fulfilment is linked to student satisfac-
tion with the level of support available and their realisation of the potential for collaboration to
resolve ‘actual’ problems (Brewer 1999). Where the reality is a disappointment vis-a-vis student
expectations it is correlated with the unstructured nature of secondment and the lack of early oppor-
tunities to meet other students, supervisors, and secondment hosts. This suggests a need to manage
student expectations and inform them as to the challenges and benefits of an interdisciplinary
approach to PhD education. At the same time, clarity is required regarding the structure of the avail-
able supports, and early opportunities should be provided for inter disciplinary, inter sectoral, and
inter national meetings to allow for the constant and integrative level of communication necessary
for interdisciplinarity (Hattery 1986).

One of the benefits of an interdisciplinary approach has been identified as the creation of ‘a kind of
meta-knowledge’ (Karlgvist 1999, 379). Seeing the value of this meta-knowledge in the PhD context
can be difficult, where narrow but deep expertise is an end goal. It is interesting that our students
refer to the benefit of accessing different perspectives more often than they mention access to
extra-disciplinary knowledge. While both are important benefits of the interdisciplinary PhD pro-
gramme, the resource most valued through the ties developed is an ability to see a challenge
through a different set of eyes. This speaks to the ‘new lines of flight, new directions, new inspirations,
new energy or new possibilities’ referred to by Martimianakis and Muzzin (2015). Our experience
suggests that programme design should incorporate not only straight knowledge exchange activi-
ties, but also this ability to appreciate and exploit various perspectives to truly benefit from the
social capital developed in an interdisciplinary programme.

The drive to make and use interdisciplinary ties (motivating)

There is a conundrum evident within both the literature and the student accounts as to the personal
motivations that will carry a student through their PhD programme in an interdisciplinary context. As
previously discussed, current structures within higher education institutions are unidisciplinary, with
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students expected to be many things to many different people and institutions - ‘individual disciplin-
ary representatives, committed team players, in addition to hardworking employees, meeting the
requirements from the external funds and from the research management’ (Lindvig 2018). The
student must therefore draw their personal motivation from these multiple strands in order to main-
tain engagement with the programme. They must be proud of their own disciplinary roots, thrive in a
team-based environment, gain personal satisfaction from hard work and be comfortable with the
requirements of both external funders and internal management. The happiest of our interviewees
were secure in the belief that this experience would pay off for them individually in terms of more or
indeed better career options. They believed that the social capital they were building within the
network would establish them within their career and provide long-term access benefits into the
future.

Societal motivators came across more strongly than personal motivators in this research,
perhaps indicating that a particular type of motivation is either more likely or more productive
in an interdisciplinary environment. The desire to have an influence in the real world and
change peoples’ lives for the better through changing practice, changing lives, or commercialisa-
tion can perhaps help students to overcome or deal with the dual uncertainties of early stage
research (doctoral studies) and interdisciplinarity. The strength of societal motivators could, of
course, also be related to the fact that health is the subject of the research. Key to making an
impact on real lives and the real world was the realisation of value. Value is both a key to,
and one result of, the development and exploitation of social capital. A question arises as to
whether participation in the programme drove need to make a difference, or this need pre-
existed and in fact drove programme choice That said, our data shows that engagement in
this interdisciplinary PhD network strongly motivates students to look beyond their own discipline
for assistance in making such an impact.

The emphasis placed by students on the level of uncertainty experienced reflects perhaps a
layering of uncertainty upon uncertainty. The doctoral experience is already fraught with inherent
uncertainty that can be ameliorated, as Pilbeam and colleagues (2013) pointed out, by sharing
the experience with others. Interdisciplinarity may, however, hinder this sharing of experience.
It adds to the existing personal challenges involved in forging respect and trust-laden relation-
ship (Brewer 1999) and complicates both teaching and learning as methods vary from discipline
to discipline (Bradbeer 1999). Language used in one discipline may be understood differently or
not at all in another. Our findings reinforce the need for students to tackle such uncertainty
head-on by taking the management of their career into their own hands (Martimianakis and
Muzzin 2015). They must, however, be equipped and facilitated to do so through the develop-
ment of uncertainty minimising strategies including an increased emphasis on team building in a
managed, rather than an organic, process. Programme designers and managers should devote
time to the construction of a programme scaffold that enables and empowers the team to
work together.

While the summer schools organised as part of this training networks focus on student learning
we suggest that interdisciplinary and intersectoral education should also be provided for supervisors,
the vast majority of whom have been educated in disciplinary silos. Workshops, problem-based learn-
ing session and field work visits would all enable supervisors to build their own networks, develop a
shared language with intersectoral colleagues enhancing their own social capital, while creating a
better understanding for themselves of the learning students will gain during their PhD studies. In
relation to the intersectoral secondments we also suggest that by scaffolding the secondment experi-
ence (e.g. identifying learning objectives, short and long-term goals, reflecting on planned and
unplanned learning) students and supervisors would gain greater value.

Including students and/or recent graduates in the development and design of the education pro-
grammes going forward would allow more structured input from students. Indeed, more control for
students may well remove and/or address some of the uncertainties identified thus motivating
student learning to a greater degree.
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Notes

1. Under the Marie Curie-Sklowdowska Initial Training Networks funding programme, see https://ec.europa.eu/
research/mariecurieactions/

2. www.chessitn.eu

3. www.catchitn.eu

4. www.teamitn.eu
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