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1. Introduction: Overview of the Transition Pathways Project

Questions about the future of the energy systetihharUK have, in recent years
become deeply entangled with a number of previodisigrete intellectual,
commercial and policy domains. Not least, the gmece of what Hulme (2009)
refers to as ‘upper-case Climate Change’ to disistgthis discourse from the routine
dynamics of weather and climate systems, withifgdrative massively to reduce
global production of greenhouse gases within the 5@-60 years, has added a sense
of urgency and a different rationale to underpiturfe strategies for managing the
energy sector than has previously been the c&seh IPCC assessment report has
provided stronger justification for the need foti@ag; many governments in the
developed world have responded by seizing oppdrésrtio review, redirect and /or
renew their energy policies and provide a frameworKuture investment by the
private sector (see, for example, DTI1 2003, 200872 whilst seizing opportunities

to benefit from the rapid deployment of technoladjionovations to support the
growth of ‘clean energy’ systems.

In response to these drivers and a long periodlafively little investment, the
Research Councils Energy Programme was establist#i04, co-ordinated by the
Engineering and Physical Sciences Research CalztlR8RC). So far, some £24M
has been invested to:
e provide scientific evidence in support of energligo
« contribute to processes of adaptation to climatngk
e build capacity through partnerships with stakehadad energy-related
businesses
* increase the international profile of UK energyeash
» expand UK university energy related research capésee
www.epsrc.ac.uk/ResearchFunding/Programmes/Energy/

As part of the Energy initiative, in 2006 EPSROhsid an agreement with the power
and gas company E.On UK to support a funding pestiye worth £10M to further
research on future low carbon energy solutionss ifitiative provided an excellent
opportunity to promote the RCUK’s goal of suppagtmore interdisciplinary
research on energy questions. The first callrfterdisciplinary proposals under the
EPSRC/E.On fund was initiated through an EPSRQHaied ‘Sandpit, hosted by
E.On at its Ratcliffe-on-Soar power station in A@007. The multi-university,
multi-disciplinary consortium undertaking its 4-yga@ogramme analysing ‘Transition
Pathways to a Low Carbon Econorhgmerged through this process. The Transition
Pathways (TP) consortium aims to design and assestof socially, economically,
politically and technically plausible pathways tto# carbon energy economy. To do
this, the consortium draws together 24 researdhems 8 UK Universities (Imperial
College, Kings College London, Bath University, HedJniversity, the University of
East Anglia, Strathclyde University, Loughboroughivérsity and the University of
Surrey) with diverse disciplinary backgrounds aeskarch interests, including
electrical engineering, mechanical engineeringucal geography, energy
economics, and innovation theory.

! Project website ahttp://www.lowcarbonpathways.org.uliast accessed on 22.10.09)




The TP consortium is thus an example of researdhmrsvery different disciplines
bringing their expertises to bear on the diffiagelues associated with energy futures
specifically, but it is also an empirical exampfea@rowing trend across academia
more generally (e.g. Nowotret al 2001, Barryet al 2008), that mono-disciplinary
approaches are unsuitable for addressing complesked problems’ (Turnpenngt

al 2009; Rittel and Webber 1973) that cross conveatidivides between academic
disciplines and between academia and society. Alangly, a range of new
interdisciplinary research strategies are beingysent, and it is worth establishing
some common definitions before proceeding. Conweatly, multidisciplinary
approaches involve several disciplines working géitie each other on a common
problem, but each using their standard disciplifeagnings and approaches. In
contrastjnterdisciplinaryapproaches involve some attempt to integrate miggise
the different perspectives and approaches thaiptiises bring to the same problem.
Finally, transdisciplinaryapproaches attempt to cross disciplinary boundam@sns
and procedures in order to address real-world prob) overcome the divide between
‘expert’ and ‘lay’ knowledges, and/or reduce thstaince between research and policy
or other societal decision makers (Bagtyal 2008, 27; see also Pegtisal 2008;
Wicksonet al 2006; Lawrence and Desprées 2004; Thompson Kledd 20owe and
Phillipson 2006; Horlick-Jones and Sime 2004). ¢wihg Pettst al (2008) and
Barryet al (2008), and to avoid confusion, we suggest thegeimultiple definitions
point towards a spectrum of interdisciplinarityttepans from the simple
coordination of disciplines at one end, and mowasatds a more radical approach
with the potential to fundamentally re-imagine dioes at the other. Accordingly,
we adopt the term ‘interdisciplinarity’ throughdotrefer to this broad spectrum, but
draw on these distinct definitions where they appe#pful.

Given this general move towards interdisciplinageaarch, and specifically within

the area of energy, this report takes the TP prejga case study and seeks to explore
the nature and challenges of undertaking intenglisary research experienced on the
project. In the original research proposal (seg¢eptavebsite), the Consortium
expressed its desire to be reflexive in its methaddgorking. This Report, based on
empirical research conducted between January aiyd22o, provides a detailed
analysis of progress over the first 18-months effiloject. Based on multiple social
scientific methods (semi-structured interviews tipgrant observation, Q
methodology and social network analysis), we expbturrent working practices on
the TP project to identify areas of convergencedindrgence between researchers
from different disciplines about how interdisci@ny energy research should be
conducted. Our aim is not to criticise but, as psau in the original submission, to
conduct gormative evaluatiomf progress so far in order to stimulate discussio
among the TP consortium, and to provide a basituftier work later in the life of

the project to assess whether experiences of int&ptinary working have led to any
changes in individual academics’ knowledge, valaégudes and practices.
Accordingly, the conclusions to this report are piegsented as final outcomes, but as
questions to the consortium that deserve furthtentbn.

The next section of this report highlights soméhef key issues in the literature on
interdisciplinary research. Subsequently, sectiomtr®duces the TP project as a case
study in more detail, concentrating on its formatibrough aSandpit process. In
addition, section 3 introduces the multiple metiods used for this report in more
detail. Sections 4, 5, and 6 then present the érapdata. Section 4 focuses on



consortium members understandings of interdiscpiiy and the challenges it poses.
Section 5 considers the conceptual basis of thpréject, highlighting the different
ways in which consortium members understand thmegéransition’ and ‘pathway’.
Section 6 then explores the current social and ingrtelationships within the TP
consortium by using exploratory social network gsisl to represent project
interactions to date, and also considering theouarivays in which consortium
members conceptualised interdisciplinary workinglmnproject. Finally, section 7
concludes the report with a series of questiontegaonsortium that we feel merit
further discussion.

2. The Challenges of Interdisciplinary ResearchKey issues from the literature
As noted above, calls for interdisciplinary colladtion have grown substantially in
recent years (e.g. Pettsal 2008; Barryet al 2008; Strathern 2004; Lowe and
Phillipson 2006). For some, this growth is indieatof a qualitative shift in the nature
of relationships between science and society. Rremtiy, Nowotnyet al (2001)
suggest this has involved a move away from what tiadd ‘Mode-1 science’ and
towards ‘Mode-2 knowledge production’. Where Modscience is seen to involve
autonomous disciplinary research producing knowdeaihin the confines of the
academy, Mode 2 knowledge production, they suggesilves transdisciplinary
research produced across many sites, by many (@amdad non-academic)
stakeholders and demands new means of assessrdaqiaity control that displace
a culture of autonomy in favour a culture of acdability (Nowotnyet al 2001).
Following these ideas, numerous commentaries teflected on the relative merits
and challenges interdisciplinary working leadingrgat al suggest:

“The present situation can be understood as a@mudiization: the question
of whether a given knowledge practice is too distgpy, or interdisciplinary,
or not disciplinary enough has become an issuearabject of enquiry for
governments, funding agencies and researchers ¢éhezas (Barryet al
2008, 21)

Within this problematization, arguments suggest Wialst disciplinary research
preserves scientific autonomy, it may be unhelfdgukeeking innovative solutions to
complex problems that are characterised by higél$eaf uncertainty, and may be
unaccountable to the many stakeholders beyondcdmeany that are implicated in
these problems. In contrast, others argue thatdisplinary collaboration to address
pressing policy problems represents a dangerossoarof the autonomy of science,
particularly given that disciplines have endureecisely because they serve many
valuable functionscf. Pettset al 2008).

Based on extensive empirical research (report&deazkanlys 2006), Barmst al

(2008) provide an excellent critical review of thekebates by suggesting that
interdisciplinary research is driven by three disti‘logics’. The first is &ogic of
accountability’ This is the basic premise that by addressingwedd problems and
involving stakeholders beyond the academy, intenglimary work is more
accountable to society than disciplinary work tieahains within the confines of
academic ivory towers. The second ifogic of innovation, suggesting that
combining distinct disciplinary approaches to pesbs$ will lead to improved and
more innovative solutions. In this respect intesiiBnarity is also seen as a means of



channelling academic research towards the neettie ddhowledge economgf(
Lowe and Phillipson 2006). Whilst these two logilceninate, Barryet al also discern
a third‘logic of ontology’(cf. Lawrence and Després 2004), wherein interdis@pjin
research is seen not only in these instrumentaistéaut is also ‘intended to effect
qualitative transformations, experimenting with astiablishing new forms of
practice...that may destabilize, existing discipliaes practices’ (Barrgt al 2008,
30).

Cutting across these three logics of interdiscaoity, based on 10 case studies of
interdisciplinary initiatives and institutions, Bgret al (2008) identify three distinct
‘modes’ according to which, they suggest, discgincollaboration tends to occur.
The first,integrative-synthesisode, sees interdisciplinarity as occurring throtlilgé
integration of two or more ‘antecedent disciplingestelatively symmetrical form’
(Barryet al 2008, 28). This mode, they argue, dominates cqmbeany discourse on
interdisciplinarity, presenting it as a consenguatess of integrating insights from
multiple disciplines in order to solve a commonigeon. Nonetheless, Bargt al
observe that it ultimately leaves the antecedesdiplines unchallenged and
unchaged. The secomsljbordination-servicenode sees one or more ‘service
discipline(s)...making up for or filling in for an abnce or lack in the other, (master)
discipline(s).’ (bid., 29). They suggest that this is a common way irtkvthe
relationship between engineering or natural scieiaplines and the social sciences
is conceived. For example, once the ‘correct’ radtscience or engineering definition
of the research problem has been accepted, th&l so@nces are seen as a means of
engaging with ‘social factors’ for instance by he{pto promote public engagement
or acceptance of proposed solutions (see Shove T888nset al 2006). Again, in

this mode the antecedent disciplines are left intabe third,agonistic-antagonistic
mode sees ‘interdisciplinary research...neither sgmnéhesis nor in terms of a
disciplinary division of labour, but as driven by agonistic or antagonistic relation to
existing forms of disciplinary knowledge and preeti(Barryet al2008, 29). This
appears to be the least common mode, althoughni¢hat Barryet al seem most
favourably disposed towards, not least becausieeobmtological disputes and
developments it seems most likely to promote whiate the potential to
fundamentally change the nature of the antecedsaiptines involved.

Delving inside these broad conceptual distinctiatisers have looked at the
‘boundary problems’ (Horlick-Jones and Sime 200&pived in interdisciplinary
projects. These ‘border troubles’ (Pedtsal 2008) include both practical and
conceptual challenges. Practical challenges indlsgless surrounding
communication between disciplines and establisaiogmmon language (e.g.
Bracken and Oughton 2006), the division of labctween disciplines (particularly
between social and natural/engineering scienceg.-Barryet al 2008) and problems
relating to the institutional *hard-wiring’ of mordisciplinary approaches e.g. in peer
review procedures and the Research Assessmenti§&xéeay. Lowe and Phillipson
2006).

More challenging, however, are the conceptual tiesitelating to, for example, the
delicate negotiations of academic identity involwedovel interdisciplinary
exchanges (e.g. Lingarat al2007), questions over the applied or conceptualrea
of interdisciplinary research, and perhaps mosontgmtly issues relating to the
epistemological structure and culture of distinstiplines. Here, Petest al (2008)



highlight the issue of problem framing, arguingtttvahat is designated a ‘problem’
can itself constitute a critical difference betweksciplinary cultures, and can cause
real communication problems.” (Peéiisal 2008, 598). This issue would appear to be
particularly acute when collaborations are betwieengnate disciplines (e.g. across
research domains such as the natural, enginearthgaxial sciences) that do not
necessarily share assumptions about ontology (esis) and epistemology (what
we can know). For example, in the context of eneeggarch, Shove (1998)
highlights the ‘conceptual chasms’ between appresevhich distinguish between
‘the social’ and ‘the technical’ and which seelutalerstand how one affects the other
(often how the social can be made to accept theieal), and approaches which
instead seek to understand socio-technical corgtgurs in which no straightforward
distinctions can be drawn between social and teahdiomains. Petist al suggest

that “if frames are imposed rather than negotiated,will lead at best to mis-
understanding, and at worse to antagonism fromdiises that are marginalised as a
result” (Pettset al 2008, 598). Accordingly, they imply that problerarhes should be
carefully and reflexively negotiated on a projegesific basis to encourage
meaningful exchange between equal disciplinaryneast

This brief review of some of the key issues retatim interdisciplinary research
serves not only to provide some conceptual backgtdo these issues, but also to
highlight that debates about interdisciplinaritwé@deen firmly driven from within

the social sciences. By contrast, such issues appeave received little sustained
attention from the natural and engineering sciemd@ash, arguably, possess stronger
and more established disciplinary cultures. As siiahould appear both necessary
and timely to consider how engineers and naturahsists perceive these issues,
particularly if they are increasingly being expekcte engage in collaborative projects.
At the same time, whilst many studies have reftkcte the challenges of conducting
interdisciplinary research, most of these accoappearex post factoAction

research which reflects on these issnestu, asking how interdisciplinary exchanges
unfold in practice, how these challenges are imétgol and addressed by researchers,
and which seeks to develop pragmatic solutionbeed issues would thus appear to
be useful. In this respect, the TP project sergemnadeal case study as it represents
an attempt at interdisciplinary collaboration inviab researchers from a wide-range
of institutions, disciplinary backgrounds and cartages. The next section will
therefore introduce the TP project as a case studych greater detail, focussing
particularly on its formation throughSandpitprocess. It will also highlight the
multiple methods used to investigate interdiscgatinworking on the project.

3. The Transitions Project

Given the institutional dominance of academic gices, reinforced by successive
rounds of Research Assessment, interdisciplindiglmaration in research projects is
unlikely to occur spontaneously. As such, over#ésé decade, the Research Councils
UK (RCUK) has embarked on a process of incentigisicademics to work across
traditional disciplinary boundaries, as well as eamcing the interests of stakeholders
more passionately than hitherto. Mechanisms raraye $etting aside funding
specifically for outreach and knowledge exchangextensive consultation on the
design of research calls that require strong ewéef interdisciplinary intent.
Notable examples include the multi-site, multi-gaéioary Tyndall Centre for
Climate Change established in 2008vv.tyndall.ac.ul;, the UK-Energy Research




Centre (UKERC www.ukerc.ac.uk, and the Rural Economy and Land Use (RELU)
programme which has broken new ground in developingesses to promote
effective interdisciplinary research and practiwev(v.relu.ac.ukand see Lowe and
Phillipson 2006).

Research Councils are developing a range of stestég encourage more
interdisciplinarity. Perhaps as befits the Engimeeand Physical Sciences Research
Council, EPSRC has developed a social engineegpgpach through its ‘IDEAS
Factory’ and ‘Sandpits’. Sandpits are residentiabtings with up to 30 participants
who are facilitated through a number of consenandlcompetitive activities, small
group work, visits, role play and brainstormingiates, designed “to drive lateral
thinking and radical approaches to addressingquaati research challenges”
(www.epsrc.ac.uk/ResearchFunding/Opportunities/Neking/IDEASFactory/Whatl
sASandpit.htih Attendance at Sandpitis by invitation only, based on one-page
expressions of interest submitted to EPSRC whoutyir consultation between its
officers, the Director of the Sandpit, and thertise design the disciplinary mix of the
meeting. One aim is to bring individual academazgether who would not, under
normal circumstances, be likely to meet and stdead. Residentifandpis usually
last for 5 days. The E.On / EPSE@ndpitlasted for just two and a half days which
meant that the steps in encouraging the developaienhovation were tightly
constrained. Team formation was especially pregsgigen proposals had to be
developed and then presented to a ‘Dragons DereldrE.On, representatives of
other power sector interests and EPSRC officevarigpermission to develop a full
proposal within this truncated period.

The TP consortium emerged from the Sandpit, witireers, economists and social
scientists finding common cause in understandiegigmamics of transition
pathways to a low carbon economy, with an ele¢yricicus. Leading members of
the Consortium with expertise on the engineeringeets of developments in
electricity supply, distribution and use, had &kreecord of research collaborations
through programmes such as EPSRC SUPERGEN 3 Ruaiveork Technologies
and Highly Distributed Power Systems; Platform G@mDistributed Generation;
PLUS project; DTI Centre for Distributed Generateomd Sustainable Electrical
Energy; DTI Dynamic Demand, and research with itgu#cluding E.On UK. The
economists and social scientists brought diffeesypiertise to the Consortium,
including analysis and modelling of past and profipe energy system transitions,
innovation and social/behavioural change, and ardeof successful interdisciplinary
teamwork and of engagement in four UKERC themestfans.

Everyone attending the Sandpit contributed togreed Mission Statemenff ¢
undertake socially and scientifically engaged reskanto innovative technologies,
policies and practices leading towards a low carlemergy systemSpecifically, the
TP consortium proposed to undertake historicalfgrimed and forward-looking
analysis of energy system transitions, bringingtbgr quantitative and qualitative
research methods in a novel and exciting collamra® hree research challenges
were articulated:
1. To learn from past transitions to help explore fatansitions and what might
enable or avoid them;
2. To design and evaluate transition pathways towaltésnative socio-technical
energy systems and infrastructures for a low cafbture; and



3. To understand and where appropriate model the amgungles, influences and
opportunities of large and small ‘actors’ in thendgnics of energy transitions.

After a very high level proposal was put to the g@gnas Den panel, approval was
given for preparation of a full research bid, iredt competition with one other
consortium to emerge at the Sandpit, for fundingtivap to £2M. Subsequently, the
TP consortium bid was assembled over three mohtbsgh discussion among the
Pls and Co-Is, a scoping workshop, bi-lateral nmggstiand teleconferences and
feedback from E.On-UK representatives.

In summary, the proposal finally approved througtSRC’s normal peer-review
process, was to adopt Transitions Theory (disculsséukr in Section 5 below) as the
conceptual basis on which to develop the next stepsving to a low carbon energy
system in the UK. The goal is to build on work biEERC for DTI, using the
MARKAL model, and on that undertaken by the Supergeturenet project (by
members of this consortium) which explored plauslbast-cost scenarios for
achieving the UK’s 60% reduction target by 2050d¢welop and explore the
dynamics of more detailed transition pathways tolwalternative future energy
systems, and to assess their technical and seaisibility and acceptability. This
requires detailed technical analysis of potenti@nges in electricity supply and
demand systems and parallel social analysis atutisnal and behavioural changes,
focusing on the changing roles of both large actach as multinational energy
supply and distribution companies, national goveants, major investors, and small
actors such as households, innovators and entejmen

The TP consortium thus committedselect, develop and analyse a set of potential
transition pathways for the UK energy system tova ¢tarbon future, and undertake
integrated assessments of the technical and ecaenfeasibility and social and
environmental potential and acceptability of thpa¢ghwaysRather than seeking to
bring these assessments together in one over-grahuiti-criteria assessment, the
aim is to assemble assessments through the de¢hileidation and interrogation of
the transition pathways. This approach combinestiigy-telling approach used in
exploratory scenarios, such as those developednél, Sith detailed critical
technical and social assessments of what wouledpgned to bring them about. The
detailed objective will be to identify and interedg the dynamics of transition
pathways to a low carbon economy (i.e. transititias achieve at least a 60%
emissions reduction by 2050), by:

» Developing a conceptual and analytical frameworkefgploring energy
transition pathways, based on quantitative anditgtiak methods,
encompassing engineering, economic, environmgmaty and behavioural
sciences.

* Applying and testing this framework by identifyiagd exploring a limited set
of transition pathways to a UK low carbon energstesn focussing on the
role of electricity supply and demand;

e Undertaking detailed technical and social analgtibe feasibility and
acceptability of these pathways, applying quarniatmodelling and analysis
of electricity systems and infrastructures, anditpteve assessment of the
roles of industrial and consumer actors.



e Bringing these together in a whole systems arglgsnploying a ‘toolkit’ of
techniques to explore and evaluate specific impboa of the selected
pathways to a highly electric, low carbon economy.

In its successful proposal, the Consortium propaksezk paralleThemedo develop
this work. Theme 1 addresses transitions, scenandsistorical analysis; Theme 2
undertakes technical and social analysis of supiglg; demand-side and
infrastructure networks; and Theme 3 applies wkgktems assessment and
integration. The contract was awarded to the TRsGdium, led by Profs Geoff
Hammond (Bath University) and Peter Pearson (Inp&ollege), in summer 2007.
Table 1 provides details of the full membershiph&f Consortium in January 2009
with all Post-Docs and PhD students in post, aleitly their disciplinary training and
background.

3.1 Methodologies

This report sits within theme 3 of the TP projeccomponent of which seeks to
promote interdisciplinary collaboration between samium members through a range
of formal and informal mechanisms. To achieve thisngside facilitating workshops
with key stakeholders from E.On, the UEA team taasied out research to reflect
more explicitly on practices and processes of thseiplinary working within the
consortium. The research has several aims. Prynardeeks to conduct a formative
evaluation of interdisciplinary working on the TRject as it unfolds in order to
promote informed reflection and learning amongstdbnsortium regarding how
interdisciplinarity might be better achieved as ghioject develops and on other
future projects. In addition, and as noted abaathear than reflecting on challenges
post factaas has occurred with most work in this area, tAgfoject serves as a
valuable case study of tipeocessefmvolved in interdisciplinary workings it
unfolds.In this respect a key aim of this project is togate some practical lessons
for how the process of interdisciplinarity might ingproved. These, it is hoped, will
be useful not only for the TP project but alsodaxide range of audiences involved
in funding, managing, and conducting interdisciptinresearch projects.

To help achieve these aims a broadly qualitativeedimethod approach was adopted
as a means of stimulating discussion and learmmgngst TP consortium members at
the same time as gathering their perspectiveseii Bhproject and interdisciplinarity.
Specifically, this involved 3 formal methods: sestridctured interviews, Q
methodology, and social network analysis. In additparticipant observation of key
meetings, interactions and outputs from the prdjastalso informed the analysis.

Semi-structured interviewsere conducted with 23 (out of 24) of the consionti
members between March and June 2009. These askedewees to discuss their
disciplinary background, how they became involvethie TP project and what their
current role on, involvement in and understandifhtie project is, their
understandings of interdisciplinarity in generatl@my previous experience they have
had of interdisciplinary working and finally, holwey perceive interdisciplinary
working as it is occurring within the TP consortiuimterviews lasted from 45 to 120
minutes and were transcribed verbatim. Groundearyhenalysis (e.g. Charmaz

2006; Strauss 1987) was then performed on thedrigts (by Hargreaves) to identify
key themes that emerged across all interviewees.
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Name University Department Position | Disciplinary Training /
on TP Background
project
Prof Peter Pearson | Imperial, Mechanical Pl Economics / History /
London Engineering Innovation Theory
Prof Goran Strbac Imperial, Electrical Co-l Electrical Engineering
London Engineering
Dr Aidan Rhodes Imperial, Electrical RA Chemistry
London Engineering
Mr Marko Aunedi Imperial, Electrical PhD Electrical Engineering
London Engineering
Prof Geoff Bath Mechanical Pl Mechanical Engineering /
Hammond Engineering Environmental
Engineering /
Management Studies
Dr Craig Jones Bath Mechanical RA Mechanical Engineering
Engineering
Prof David Infield Strathclyde Electrical Co-l Theoretical Physics /
Engineering Electrical Engineering
Dr Graham Ault Strathclyde Electrical Co-l Electrical Engineering
Engineering
Dr Stuart Galloway | Strathclyde Electrical Co-l Mathematics
Engineering
Dr Arturo Alarcon- Strathclyde Electrical RA Electrical Engineering
Rodriguez Engineering
Ms Elizabeth Strathclyde Electrical PhD Physics
Robertson Engineering
Mr Malcolm Strathclyde Electrical PhD Electrical Engineering
Barnacle Engineering
Mr Sikai Huang Strathclyde Electrical PhD Electrical Engineering
Engineering
Dr Murray Thomson | Loughborough | Electrical Co-l Electrical Engineering
Engineering
Dr Simon Watson Loughborough | Electrical Co-l Physics / Electrical
Engineering Engineering
Dr Neil Strachan Kings, London | Geography Co-l Energy Economics
Mr Nick Hughes Kings, London | Geography RA Energy Economics /
Music
Prof Matthew Leach | Surrey Engineering Co-l Engineering /
Multidisciplinary
Technology Appraisal
Dr Mohammed Surrey Engineering RA Mechanical Engineering /
Hassan-Sayed Chemical Engineering
Prof Jacquelin East Anglia Environmental Co-l Cultural Geography
Burgess Sciences
Dr Tom Hargreaves | East Anglia Environmental RA Cultural Geography
Sciences
Dr Tim Foxon Leeds Earth and Co-l Innovation Theory /
Environment Theoretical Physics
Mr Ronan Bolton Leeds Earth and PhD Mechanical Engineering /

Environment

Environmental
Sustainability

Table 1: Membership of the Transition Pathways Cosortium, January 2009
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A Q methodologgxercise was conducted with 21 of the consortiurmbegs to
explore both their understandings of interdisciglity generally, and their personal
experiences of it. Q methodology is a well estalgitspsychological technique
designed to formally identify and distinguish bedénehe different perspectives on
any given complex topic — in this case interdisogulity (for more information on,

and some applications of, Q methodology see fomgka Brown 1993, 1996;
Stainton Rogers and Stainton Rogers 1990; BarryPaiadps 1999; Edest al 2005;
Webleret al 2007; Watts and Stenner 2007). Q methodology tgetay, first,

creating a representative sample of the concoers\(thing that gets said) about a
particular complex issue. This is then convertéd aseries of short statements each
representing a different perspective on the issupiestion. Participants are then
asked to sort these statements according to speoifiing instructions to demonstrate
those statements that best describe their own \aegthose that least describe them.
A range of statistical procedures can then be tsadalyse these quantitative data.
This typically involves some kind of factor analysuch as principal components.
This analysis then reveals the key factors thdaesoclustered around representing
the commonly held perspectives on the particukrasn question.

For the TP project specifically, the Q exercise Eygd a concourse of 40 statements
taken from a Rural Economy and Land Use (RELU —Ls&ee and Phillipson 2006)
project concerned with ‘Understanding EnvironmeHRtabwledge Controversies’
(http://knowledge-controversies.ouce.ox.ac.uk/pidjethis concourse was
identified through a review of policy documents diterature relating to
interdisciplinarity, and through interviews withykexperts on interdisciplinarity and
the leaders of the RELU programme (Andrew Donaldpers. comn), and the
statements were deemed sufficiently generic tregt dould be readily applicable to
the TP project. TP consortium members were theadagksort these 40 statements
from -5 (least describe) to +5 (best describe) ating to two different sorting
instructions: first, to represent what they considebe the general view of
interdisciplinarity (in policy documents, acadertiierature etc.) and second, to
represent their own experience of interdisciplityaio date. Once the data were
collected, principal components analysis with vamotation was conducted to
identify the key factors. These statistical resulése then analysed in conjunction
with the interview transcripts to produce the facescriptions (see section 4.2 and
appendix 1).

Finally, an exploratorgocial network analysigas conducted with 20 of the
consortium members. Here, during the semi-strudtiumerviews, interviewees were
presented with cards that showed the name, institaind (where available) a photo
of all the consortium members. Interviewees weea thsked to describe the
involvement of each other consortium member onlAgroject and their own
relationship with them. Finally, they were askedteate their ‘ego network’
(Hanneman and Riddle 2005) of the TP project wimeblved placing themselves
(ego) in the middle and arranging the other caatters) around them to describe in
what ways and how closely they relate to othergséhego networks were then
photographed and the photos and relevant sectidhg mterview transcripts were
converted into network data (edgelistl.dl formaw) analysed using NetDraw Graph
Visualization Software (Borgatti 2002 — see sectdt) to produce network graphs
that depict the current relationships between cainso members.
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The next section will draw on the interview and @thodology data to reflect on how
consortium members understand interdisciplinaritgeneral. Section 5 will then
draw on the interviews and participant observattooonsider how different
consortium members understand the TP project. llgjrsadction 6 explore the social
network analysis and interview data to identifyreat challenges and tensions
regarding interdisciplinary working on the TP puijeith a view to promoting
informed discussion and improving collaborative kiog.

4. Understanding Interdisciplinarity

In order to understand how interdisciplinary workimight be promoted on the TP
project, it is first necessary to have a detailedasstanding of how TP consortium
members understand interdisciplinarity and whay gee as its purpose. To achieve
this, during interviews consortium members wereedgk explain what they
understood by interdisciplinarity, and to consitlex challenges it may involve. In
addition the Q method exercises explored understgadnd experiences of
interdisciplinarity more formally.

4.1 Interviews

The definitions of interdisciplinarity gatheredthre interviews were strikingly
similar. Typically, interviewees emphasised thagidisciplinarity involved a team of
researchers coming from different disciplinary lrokinds working together to
address a common problem. The following quotatsoitiustrative of this:

“Interdisciplinarity is the idea of people from fdifent disciplines getting
together and using their relative strengths in otdeolve a common problem
in a different way.(Interviewee 07, p12 - Engineér)

In addition, interviewees emphasised that intergis@rity was valuable because it
offered a broader perspective that could help geaarew understandings of
problems where mono-disciplinary approaches hachezhtheir limit. Beyond this
common basis, however, there was an almost totaelbetween the engineers and
social scientists/economists on the project witfards precisely what
interdisciplinarity offers, what level of interagti and integration is required to
achieve it, and what challenges it poses.

Generally, for those from engineering departmemterdisciplinarity’s key benefit
was that it enabled research to see the ‘biggéung’c This view implies that mono-
disciplinary research is somehow blind to the wésdgond its boundaries and
therefore that more disciplines are required toagetler and more rounded picture of
a particular problem. Following this view, one inMiewee suggested that different
disciplines were like different pieces of a jigsawereas another succinctly
characterised this view as about seeing the wHejhant:

“When you get several different people looking meéephant, or from very
close up, you don't get the rounded picture. Yousgenebody who is holding

2 Although the interviews were transcribed verbafion,the sake of clarity all quotations used have
been cleaned to remove repetitions, hesitationslsidns for example. In addition, quotations have
been labelled ‘engineer’ or ‘social scientist/ecoigt’ to denote the broad disciplinary backgroufd o
the interviewee.
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leg and saying ‘this is how it is’. Whereas once get everyone around it,

you eventually get the full picture that ‘this is @lephant’.”(Interviewee 14,
pl3 - Engineer)

Commonly, those who expressed this view saw theckallenges and difficulties of
interdisciplinary working as being about establigha common language and that,
partly as a result, it took longer to do than malmeiplinary research.

“The main challenge I think is the common langubggier. If you get an
engineer and a social scientist, they're not gtorfglly understand what each
other is on about. | think that is the main barréard | think that's why it takes
longer.” (Interviewee 05, p16 - Engineer)

In general, this view appears closer to multidikegrity than interdisciplinarity as
outlined in section 1. It implies that disciplingiffer simply in the perspective they
offer onto a common ‘real world’. Hence, one disicip sees the elephant’s leg,
where another sees its trunk. The challenge ofdigeiplinary working thus appears
to be getting the right mix of disciplines workitagether in order to see the whole
elephant, and simply spending sufficient time teuza they all understand one
another. What the pieces of a jigsaw metaphor sgpgeclearly, however, is that
these disciplines have clear boundaries and whist need to work together, this
view does not imply, necessarily, that they neelletanixed or integrated in order to
get an accurate picture.

In contrast, those from social science/economic&dgraunds tended to be less
optimistic about the challenges involved in intsaiplinary working. Here,
disciplines approach such ‘common problems’ in amentally different ways. For
example, whilst different disciplines might bothdggroaching the common problem
of climate change, they do not simply tackle déferparts of it, but construct and
interpret it differently as a technological, palal or cultural problem. The challenge
here is not simply to gather together enough dis&p, but to negotiate a route
between and, where possible, integrate their @iffeproblem framings:

“Faced with a hydro-electric dam the economist,ghesicist, the ecologist,
the political scientist all start with a differesgt of questions and would
analyse the problem with a different set of too{fnterviewee 23, p4 — Social
Scientist/Economist)

Within this view, the key benefit of interdiscipéinty was found in the way it
challenged specific disciplinary assumptions alvgudt a problem was, and how it
should be understood and approached. Specificathge who expressed this view
suggested that interdisciplinarity was characterizglearning at the level of the
individual, as s/he was forced to step out of lesttomfort zone by “reading things
and talking in languages that they’re not famwidth” (Interviewee 12, p16 — Social
Scientist/Economist). Further still, this view saterdisciplinary research as an
unpredictable process marked by unanticipated esnepyoperties of interactions
between collaborators:

“One of the things that characterizes interdisoguy work for me is the
emergent properties, the things that come out fedtrfield that you weren't
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anticipating, because of the kinds of folk who aking together and the
things that they bring to the tabl€lhterviewee 20, p21 — Social
Scientist/Economist)

Here, the challenge of conducting interdisciplinagrk did involve establishing a
common vocabulary, but this was only the first staddition, interdisciplinary
collaboration involved overcoming individuals’ e@tional backgrounds, worldviews
and personalities. Although held predominantly ey $ocial scientists/economists,
this view was most clearly articulated by one @& é@mgineers:

“It's probably to do with how you’re educated thghwout your life. If you're
an engineer, you probably instinctively try and myagh the problem in
analytical, systematic ways. You would like to seenbers, you would like to
have some calculations. While | guess if you're@ea scientist you would
have a completely different approach, well | cavén imagine so I'm not
even going to guess. So | think there’s a diffepgmlosophy in how they
actually approach the problem.” (Interviewee 08l pEngineer)

Following on from this, there was a much greateyréele of doubt amongst the social
scientist/economists with regards to whether oruseful interdisciplinary working
was achievable in the context of a single reseprgject involving so many
researchers from such different backgrounds. Skeasgaed, for example, that it
could not be forced but must be allowed to occun(i) organically.

This view thus appears closer to thatmérdisciplinarity. Here, the challenge of
interdisciplinary working is about integration asyhthesis between different problem
framings, however this may or may not be achievdbhlsummary, the interviews
point towards a conceptual divide between enginaedssocial scientists/economists
regarding what is involved in interdisciplinary easch, how it should be sought, and
how achievable it might be. Where engineers appearsuggest the major challenge
was learning to talk to one another and understaneiach others contributions, social
scientists/economists suggested that the problamsignificantly deeper than this
and related to how different disciplines concepsgshnd frame specific problems
raising the possibility that some disciplinary difénces may be insurmountable.

4.2 Q Methodology

Whilst the interviews reveal a distinction betwdsen the engineers and social
scientists/economists on the TP project talk abuetdisciplinarity, the Q
methodology results highlight some more subtlermisbns, but also large areas of
common ground between consortium members thatiatiyyado not map neatly onto
disciplinary divides.

In all, two Q sorts were conducted by consortiunmiers. The first asked them to
arrange the 40 statements (see appendix 1 faraf lise statements) according to the
‘general view’ of interdisciplinarity that they se®at is as it is discussed in academic
literature and in policy documents. The second é$kem to arrange the statements
according to their ‘personal experience’ of inteogplinarity which, for some, would
have comprised only their experiences on the Tiegrto date. This section will
discuss the key findings and distinctions betwéendifferent factors each sort
produced.
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4.2.1 Sort 1: The General View of Interdisciplinarity

Using a scree test, 3 distinct factors were idigrtifor sort 1 which explained 54% of
the overall variance. Based on the analysis, ehtiese factors has been given an
appropriate label:

» Factor 1: Horizon Expanders (explains 12% of theéavae)
» Factor 2: Strict Disciplinarians (explains 21% loé tvariance)
» Factor 3: Interdisciplinary Appliers (explains 2B¥the variance).

A positive correlation of 0.45 between factors #l 8rsuggests there is some overlap
between these views. In addition, a negative catical of -0.44 between factors 1
and 2 suggests they may in fact be partial rethestiof one another. Given that the
first sort asked sorters to describe the ‘genaeal/\vof interdisciplinarity that they
see, it is important to remember that the reshig sorts produce do not represent
their personally held views, but instead illustrateat they perceive this ‘general
view’ to be. This was stressed in interviews. Intigalar, those who loaded
significantly on the ‘strict disciplinarians factaften emphasised that they were
playing a particular role when completing the saith one describing this role as
that of ‘the pantomime villain.” Detailed descrintis of each of the factors are
included as appendix 1.

Those who loaded strongly on factor Herizon Expanders suggested that the
general discourse surrounding interdisciplinarydsat to be a means of promoting
innovation by challenging the ingrained assumptioingpecific disciplines and thus
broadening individual researchers’ horizons. Thitdr suggested that general views
of interdisciplinarity were supportive of it, anadieed that interdisciplinarity may
even be seen as a measure of successful sciencenBgst, those who loaded highly
on factor 2 -Strict Disciplinarians— suggested a general view of interdisciplinarity
that was far from supportive, but instead promated reinforced mono-disciplinary
approaches. Here, disciplines were seen as atitiegcedge of research and should
therefore be defended. Interdisciplinary approaetere described as posing a threat
to this mono-disciplinary culture and offeringlitin the way of added

accountability, innovation or broadening understagsiin any case. Finally, those
who loaded strongly on factor 3rterdisciplinary Appliers- again suggested that a
generally positive view of interdisciplinarity etesl. On this factor, however, this
positivity did not stem from interdisciplinarity gmoting innovation or expanding
horizons (as on factor 1), but instead from theevapplied nature of interdisciplinary
research. Here, interdisciplinarity was seen asisla for real world problems which
do not respect disciplinary boundaries. Accordingtys real world focus of
interdisciplinarity helps to move research closethie needs and concerns of citizens
and consumers, and closer to application in painy practice.

In summary, sort 1 presents a much more subtlengad how consortium members
relate to and understand interdisciplinarity thepriovided by the interview
transcripts alone. There is no clear disciplinawdd among these factors with both
engineers and social scientists/economists loatnoggly on all three factors.
Crucially, therefore, this points towards areasamhmon ground which were
obscured in the interviews. Importantly, howevkis tommon ground appears to
centre on positive values towards interdisciplityamimong consortium members,
based around its real world focus and its abibtgxpand understandings of
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problems, whereas the interviews suggest therebrmapme conceptual differences
in understanding. Further, the results of the seésamt, based on personal
experiences of interdisciplinarity, appear to remeé this view.

4.2.2 Sort 2. Personal Experiences of I nterdisciplinarity

The second Q sort asked consortium members togarthae statements so as to
describe their own experience of interdisciplinariising a scree test, 2 distinct
factors were identified for sort 2 which explairedo of the overall variance. Based
on the analysis, each of these factors has beem giv appropriate label:

» Factor 1: Applied Solution Seekers (explains 28%hefvariance)
» Factor 2: Problem Explorers (explains 19% of theavece)

It is essential to note, however, that the twodesshare a positive correlation of
0.54. They are therefore seen to overlap quitetanbally. Indeed, there appears to
be relatively little difference in terms of primapgliefs (+5, +4 and -5, -4
statements), although there are some notable elifées in secondary beliefs (+3, +2
and -3, -2 statements). These differences also seafign reasonably well with the
distinction, found in sort 1, between interdisaliity as a way of expanding
horizons or as a way of applying research. Thewahg section summarises the key
elements of these factors, whilst detailed desongtof both of the factors are
included as appendix 1.

Based on their previous experiences, those whaeabtbattongly on factor 1 Applied
Solution Seekers appeared to suggest that interdisciplinary rebea a form of
applied research. Here, it is seen as a meansah§j solutions to real world
problems and, accordingly, as a way to bring retedoser to the needs and
concerns of society, and to application in poliog @ractice. In contrast, those who
loaded strongly on factor 2RProblem Explorers- seemed to suggest, based on their
prior experience, that interdisciplinarity was pairiy a means of improving research
because it serves to challenge ingrained discigliassumptions and provides new
perspectives and methodologies to employ. Notdbiy,sort also emphasised some
of the practical challenges involved in interdidicigry research, emphasising (as the
interviews also had) that finding a common languagel working across different
philosophies and personalities can be key issues.

In summary, both factors on sort 2 appear to bemgdly positive towards
interdisciplinary research. Factor 1 emphasisdseatefit for applied research, and
factor 2 emphasises its role in expanding undedgtgs of problems. As with sort 1,
there was no clear disciplinary divide between ¢hobo loaded strongly on these
factors, with both engineers and social scien@staiomists stressing, on the basis of
their prior experience, that interdisciplinary rasd can help in finding applied
solutions to real world problems, or that it catpha expanding and exploring
different problem framings. Vitally, both of thefsetors are generally favourable
towards interdisciplinary research stressing itsefies much more prominently than
the challenges involved or any disadvantages. Asaseffering detailed
understandings of how consortium members think taod relate to
interdisciplinarity, this sort therefore suggesiattdespite the challenges involved,
consortium members generally feel that interdiscgyly research is worth striving
for.
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4.3 Understanding I nterdisciplinarity: Summary

This section has explored understandings of irgeiglinarity among consortium
members using interview and Q methodology datallijtwhere interviews reveal
an apparent distinction in the ways the engineedssacial scientists/economists on
the consortium talk about interdisciplinary reséa@ method reveals more subtle
differences and commonalities between social Ssisfeconomists and engineers in
terms of how they think about interdisciplinaryeasch when interpreting and
arranging pre-prepared statements about interdiisarty. This reveals the
significant benefit of adopting a mixed-method aygwh in order to tease out subtle
differences. In this instance, it would appear thiiist engineers and social
scientists/economists currently use different disses to speak about
interdisciplinary working, they may in fact sharem® common ground than interview
transcripts alone reveal.

Relating these observations to the theoreticaklitee on interdisciplinarity discussed
in section 2, the Q methodology study reveals ssigraficant common ground
among consortium members over the logic of accdnilitteand the logic of
innovation €¢f. Barryet al2008) involved in interdisciplinary research. Tapears

to generate generally positive attitudes towarterdisciplinary collaboration among
consortium members and a desire to take part ioviaive collaborative research
such as the TP project. The interviews, howevergaksome significant distinctions
among consortium members that appear to centreeoimiportance placed on a logic
of ontology. In the interview transcripts, thosenfra broad engineering background
tended to emphasise the practical challenges irdalv collaborative working across
disciplines stressing, for example, that it takegyer to do and involves various
language difficulties. In contrast, the social stigs/economists on the project,
tended to stress the more conceptual, ontologiwdlenges involved in working
across disciplines, particularly incognate discigd, that adopt fundamentally
different framings of problems.

To some extent, this might be a product of the $argbproach to funding. Such an
approach, as outlined in section 3, seems ablettpapple together who are generally
positive and favourable towards interdisciplinangl @ollaborative working, indeed
this is one of its stated aims. By going througthsan intense process so quickly,
however, it appears as if there may be insufficiené to negotiate some of the more
conceptual and ontological challenges that incagimaérdisciplinary working poses.
By contrast, more conventional funding mechanisrag allow more time for these
issues to be explored, although, of course, thelnsigciplinary collaborations and
project ideas that Sandpits generate may neverlayeonceived. Given the rise in
demands for interdisciplinary approaches, thissgyaificant issue and suggests that a
great deal more thought, reflection and learning berequired regarding what
interdisciplinary collaboration entails and hovmight be achieved, before claims are
made and proposals are written that seek to sdkisBe demands. An approach to
funding that finds a balance between these advestagd disadvantages of Sandpit
and more conventional funding mechanisms wouldcefioee appear to be a logical
next step to promoting successful interdisciplinemitaboration.

With regards to the TP project more specificalljpaithese divides within the

consortium suggest is a need to think carefullyualive conceptual basis of the
project, about what the different disciplines inxead offer to each other, and about
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how they can work together on this basis. Somenpialey key elements of these
discussions are discussed in subsequent sectipasifi§ally, what this analysis
raises is a need to consider the extent to whittusrasm for and willingness to work
in interdisciplinary ways is sufficient to overcoroemplex and persistent conceptual
challenges.

More positively, however, it would appear that edsts of this conceptual discussion
may have begun to occur through the process ofumimd) the research for this
study. Amongst those interviewees who had compligteid Q sorts prior to the
interview occurring, it was noted on several oamasiduring interviews that they
would speak about interdisciplinarity either uslagguage drawn directly from the
statements, or by using the Q statements to steuttieir responses to more general
questions about interdisciplinarity. This suggéiséd understandings, on the one
hand, that understandings and discourses of is@pdinarity are not yet well-
established amongst some researchers, whetherengior social
scientists/economists, and interviewees are stidldishing a vocabulary with which
to speak about these issues. Here, the Q methodappyoach seems particularly
valuable, not in order to put words into particifgumouths, but in order to allow
them to express their views more clearly and sukiitythe other hand, this suggests
that through the interview discussions and the ¢hoduology approach, TP
consortium members were actively reflecting on @adning about what
interdisciplinarity is and how to go about doingTihis suggests that explicit
reflection on these issues is valuable not merglgrainteresting aside, but as a core
element in understanding how TP consortium memiedgrstand the aims and
process of the TP project, how they relate to aragteer, and in deciding how
interdisciplinary collaboration should occur.

Following on from this more general discussionrérdisciplinarity, the next section
begins to develop these issues by grounding thdheikey concepts and terms
around which the TP project is based.

5. Understanding Transition Pathways

The term ‘transition’ is being used with increasfreuency within the academic
literature (e.g. Geels 2005, UKERC 2009), policgwoents (e.g. HM Government
2009) and even in civil society movements suchhasmerging Transitions Towns
network Qttp://www.transitiontowns.or/ Within the academic literature however,
the term transition has a quite specific meanirggtdaround Geels’ Multi-Level
Perspective. Here, and as summarised in box ligmeefl, transitions are radical
shifts in socio-technical regimes that are browgitut through interactions between
the different levels of technological niches, setgohnical regimes and landscapes.
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Box 1. Research on Transitions in Socio-TechnicalyStems
(Sourcewww.lowcarbonpathways.org.yk

Figure 1 is informed by an ongoing research prognanontransitions in socio-technical system

S

which has generated significant international ditben(Elzenet al, 2004; Geels, 2005). This research

combines technical, social and historical analgéiand insights into past and current transitiarsing
an analytical framework based on interactions betwthree ‘levels’:technological niches, socig
technical regimesand landscapegKemp, 1994; Geels, 2002). Thendscaperepresents the broad
political, social and cultural values and instituns that form the deep structural relationshipsad
society and only change slowly. Tkecio-technical regimeeflects the prevailing set of routines
practices used by actors, which that create andorgie a particular technological system, includ

“engineering practices; production process tectgiek) product characteristics, skills and procesl:rre

[...] all of them embedded in institutions and infrastuoes” (Rip and Kemp, 1998). Whereas
existing regime generates incremental innovatiadjcal innovations are generatedniches which
are spaces that are at least partially insulatedh fmormal’ market selection in the regime, f
example, specialised sectors or market locatiorchds provide places for learning processes torog
and space to build up the social networks that edppnovations, such as supply chains and u
producer relationships. Transition pathways afiseugh the dynamic interaction of technological g
social factors at these different levels.

This analytical framework has influenced Dutch pglion promoting energy system transitig
(Ministry of Economic Affairs, 2004), and stimuldtdistorical case studies, including applicatiomg
the Dutch electricity system (Verbong and Geel9)720Further conceptual work has develope
more detailed typology of transition pathways (Gemhd Schot, 2007), in response to critiques
insights in the academic literature (Sméh al, 2005). An initial theoretical analysis of pastda
possible future decarbonisation pathways for the (SKackley and Green, 2007) shows the pote
for the application of the transitions approachh® UK and argued for more detailed work to be dg
In order to address the three research challehigge€obnsortium proposes to carry out such work.
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As box 1 illustrates, the TP project proposal, afl as the early outputs from the TP
project (e.g. Foxoet al2009; Nyeet al, forthcoming), adopted the basic ideas and
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terminology of transitions as its conceptual fraragw A growing critique of these
transitions concepts, particularly as they havenbewplied in Dutch energy policy,
however, suggests that one of the key strengtlizest ideas — that they are capable
of unifying multiple perspectives into a coheranmansitions’ framework — also
represents one of their biggest weaknesses inht@anterpretive flexibility of the

term transition can mask over critical differenoéterpretation (e.g. Smith and
Kern 2009). Given this critique, it seems prudengtplore how different consortium
members differ in their interpretations of trarwig, and how they understand their
work in relation to it.

The other critical term within the TP project imthway’. As Hughes (2009) shows,
there is a well-established scenario building tradiwithin UK energy research and
policy (e.g. RCEP 2000, Eldee$ al2006; Strachart al2007; Hughegt al 2009),
and indeed there is a great deal of scenario-lmgjldkpertise and experience within
the TP consortium. Critically, and as noted earliee TP project proposal suggests
thatpathways

“build on these scenarios to develop and explagedimamics of more
detailed transition pathways towards alternatiarienergy systems and to
assess their technical and social feasibility arodptability. This requires
detailed technical analysis of potential changesewctricity supply and
demand systems and parallel social analysis afutisnal and behavioural
changes....This approach combines the ‘story-tellapproach used in
exploratory scenarioswith detailed critical technical and social asse=sis
of what would be required to bring them about.”
(www.lowcarbonpathways.org.yk

As such, and as Hughes (2009) demonstrates, pasiseay to develop well-
established technological and economic scenarilnlibgitechniques by actively
exploring the co-evolution of actors and technataginfrastructure in transition
processes. In short, pathways seek not only t@aesdf different futures are
technically and economically feasible, but also rsmeh futures might plausibly be
brought about by different social actors. Agaivegi the complexity of these ideas,
and the prior experience of some consortium memieyssems wise to consider how
the term pathway is understood and used withimT#@roject, and how different
project members relate their work to it. The follog/two sub-sections will therefore
focus on how consortium members used the termssitian’ and ‘pathway’ in the
interviews.

5.1 What is a pathway?

Despite frequent discussion in meetings and ocnakjokes in the interviews about
the distinction, semantic or otherwise, betweeatayway and a scenario, there was in
fact a high level of understanding and widespreadement about precisely what a
pathway entails. Interviewees noted that whereawes can tend to provide
shapshots and be based on inevitable end-pointsyags emphasise tipgocessof
achieving transitions and that “you wouldn’t ne@e#g go in a straight line from

here to there” (Interviewee 19, p11 - Engineerf tritical ‘branching points’ might
be encountered along the way which can cause bokhih and lock-out of different
options, and that such processes are driven bgetisions of key actors. Others also
added that pathways encouraged exploration ofitfexeht ‘side-swipes’ that may
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occur to the system to knock it off course. Thasgeustandings come very close to
those outlined by the Kings team on the basis @f #xtensive research into this area,
and their argument thgbodscenariogre transition pathways (Hughes 2009).

The only real area of difference between intervieswegarding precisely what a
pathway entails centred on whether or not pathwagre normative. Some
interviewees suggested that pathways sought togbitheé ‘best way’ to achieve a
low carbon energy system, and that the whole systgpraisal conducted under
theme three of the project would somehow ‘rank’difeerent options explored by
the consortium. A more widespread feeling, howewears that the pathways should
seek to identify a range of both technically andaity plausible ways of realising
significant cuts in C@ In this view, their value was not in identifyiagbest way’,
but in identifying the many and various consequsrfalifferent types of decisions
and actions for realising a low carbon system.

Another potentially significant area of differeraigout the pathways related to what
the finished pathways will look like and be abled&liver. Several interviewees
suggested that the pathways can only be considieisded once consensus and even
‘buy-in’ from all consortium members has been aghie Such a view was seen to
demand significant interaction between consortiuemroers with the pathways

acting as the key vehicle for the projects’ intscgplinary collaboration. Whilst none
directly contradicted this view, others raised @ames over how ‘robust’ the pathways
will be:

“My worry is that the transition pathways are atbi flowery. Now maybe
that enables us to think more laterally, and thatself will be good because
the outputs we get will be broader, and the thigkanll not be so restricted,
but we need to say that in that case. We don’t be@detend that they are
robust.”(Interviewee 13, p13 - Engineer)

This view raises further questions about the retethip between the process of
pathway creation in theme 1 of the project, andvlr@us modelling approaches that
will be applied to them in theme 2. In particulsome interviewees saw the pathways
as merely ‘inputs’ to pre-existing models which Jbserve to make them more
accurate, certain and robust; whereas others asstimaethe pathways were the key
‘value-added’ that the project as a whole aimedeiover and therefore that models
should be adapted to fit the pathways rather tharother way around. This issue is
discussed further in section 6.2 below. Cruciallgspite the apparent areas of
agreement noted above, there was relatively tleainty about what a finalised
pathway should look like, summarised neatly inféil®wing quotation:

“To be honest no one has ever told me what a ttangathway is.”
(Interviewee 06, p4 - Engineer)

This is an area that appears to demand furtheuskgan within the consortium.

5.2 What aretransitions?

There was less consensus, however, regarding wadsmeant by the term ‘transition’. In
particular there was a divide between those whevianiliar with Dutch transitions
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theory and those who were not. Whilst this did édygorrespond to division between the
social science/economists and the engineers, tsswt entirely the case as several of
the engineers on the project were familiar withsththeoretical concepts and in some
cases (as noted below) had made a significanttéffoelate them to their work.
Nonetheless, those who were familiar with the titeorss approach emphasised that this
was the “guiding force behind the project” (Intewiee 16, p21 — social
scientist/economist), and stressed, as is sethdbeiproject proposal, that an approach
broadly based on transitions theory was being ts@doduce the initial pathways. In
contrast, for those unfamiliar with this body ofkotransition referred simply to change:

“Transition means changing from the current situatto a better future for
sustaining energy.” (Interviewee 22, p5 - Engineer)

In general, however, there was a call for gredseitg on how the transitions approach is
(or is not) being used to underpin work on the Téjqzt.

This apparent lack of consensus over understandindge term ‘transition’ may, of
course, be unimportant. There is probably littlgam for some project members in
becoming familiar with this often abstract bodytleéory. Where the lack of consensus
does appear to matter, however, is in how consaorthembers understand relationships
between the social and the technical and whairtipses for how work on the TP project
should proceed.

Specifically, there was a divide between those wdreived of transitions as a result of
socialandtechnical change, and those who refused to septrede domains and were
instead concerned witpcio-technicathange (see Shove 1998). Whilst this may appear
to be a semantic distinction, it has vital implioas for interdisciplinary collaboration.
Separating the domains points logically towardsagamme of work in which detailed
social and technical analyses are conducted irllplbafore an attempt is made to
combine them once they are completed. The prodesstbining the two themes would
then centre on issues to do with how the sociahtrigfluence the technical and vice-
versa, and what might need to be done to shape thkgionships in desirable, low-
carbon directions. Following the distinctions maasection 1, this would appear to be a
multidisciplinary approach using, at best, an indéige-synthesis mode of
interdisciplinary working and, at worst, a suboation-service mode. It would, however,
be more achievable within the time available argbemthat interdisciplinary elements of
the TP project were based on strong disciplinampéiations.

In contrast, those who emphasised a socio-techapaibach emphasised the complex
and non-linear dynamics of co-evolution betweentttedomains. Here, it was seen as
an error to draw a clear distinction between the damains and instead, research should
focus on the inter-relationships between them réatien the domains in and of
themselves. This approach points towards a modat@&fdisciplinary working that
demands constant discussion and interaction bettheetifferent research teams on the
project and cautions against any retreat to mosojalinary ways of working. Again,
drawing on Barryet als (2008) distinctions, this would appear to berdardisciplinary
model that would demand, at worst, an integratiugfesis mode and, at best, an
antagonistic-agonistic mode of working. Here, hogreit was recognised that such an
intensely interactive approach may be impractical:
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“I'm not starry eyed, in the sense that | don'nthive’re going to have a beautiful
seamless kind of socio-technical thing out of thig, | do have real ambitions for
the potential for people to learn to work togeth@nterviewee 23, p26 — social
scientist/economist)

And as this interviewee went on, it presents thegdathat by failing to ground the
research within any specific disciplinary framewgatkposes a risk of a lowest common
denominator approach, or what was described agmthd soggy hole in the middle”
(Interviewee 23, p39 — social scientist/economist).

These issues thus appear fundamental to how résearthe TP project should proceed
and this is discussed further in section 6.3 belsswvell as these distinctions around the
concept of transitions, one other valuable integtien of the transitions literature, from
one of the engineers who had sought to relate thveirwork to it, was as a means of
conceptualising how the TP project itself mighté&avrole in bringing about the
transition pathways it produces. This interviewbsearved that whilst most of their
research focuses on specific, ‘niche’ technologtes TP project is seeking to have an
influence at the broader regime or landscape leyshaping policies and large
institutions:

“The other projects [l work on] would go in at thathnology level, so it
would be in at the niche level. Whereas, | guessptoject probably goes in
at landscape because it will probably inform anange actors’ views of what
the pressures are at landscape level. So fronpthat of view it's a much
more policy influence driven project than | thirdnse of our other projects
are.”(Interviewee 21, p21 - Engineer)

Whilst this suggests a more reflexive understandintpe TP project that asks how the
research is part of the systems it seeks to comupant, it also adds a potentially
valuable user-orientation to the project, sugggdtmat as well as considering how the
different disciplines involved should work togethére project must also bear in mind
how the different parts of the research will bedulsg different stakeholders such as E.On
and UK policy makers. This user-orientation woybgh@ar to be close to a more
transdisciplinary model of research, and althougloes not provide any simple answers
to how the disciplines involved should inter-re|atech a pragmatic output focus may be
one means to bridge some of the divides noted above

5.3 Summary

This section has considered how the conceptuas lohshe TP project is understood by
different consortium members. Whilst it observdsgh degree of agreement over the
term pathways, the term transition, and associdieoretical approaches, it also poses
some larger issues that would appear to demanefudiscussion within the consortium.

Whilst section 4 focussed on general understandhggerdisciplinarity within the
consortium, this section has shifted attention towahe conceptual basis of the TP
project. Drawing on exploratory social network as&é and the interview data, section 6
will focus more specifically still on the practicahallenges involved in interdisciplinary
collaboration as they have arisen on the TP pragedate.
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6. The Transition Pathways Project: Processes andefsions

Whilst the previous sections have focussed ondigeiplinarity in general, and the
conceptual basis of the TP project, this secti@uses in more detail on the practical
processes and tensions involved in interdiscipjiatlaboration as they have unfolded
on the TP project to date. First, section 6.1 didlcuss the results of an exploratory social
network analysis exercise to help interpret howTtReconsortium is collaborating at
present. Second, section 6.2 will focus on a kagite within the project, as revealed by
the social network analysis and in interviews, rdong the relationship the production of
pathways and the use of well-established techaicdleconomic models. Third, section
6.3 will offer an overview of the TP project as hole and consider the different inter-
relationships between the 3 project themes aswieey invoked in the interviews.

6.1 Social Networks on the Transition Pathways Project

Towards the end of each interview, all except five€ members of the TP
consortium were asked to sort a selection of cemdsaining the name, institution and
(where available) a photo of all other consortiuenmbers. Specifically, they were
asked to create an ‘ego network’ in which they pldemselves (ego) at the centre
and arrange other cards (alters) around them aogpta how closely they see
themselves as related. Participants were askeesiritie their relationship to each
other consortium member as they went through ttuisgss and were also asked
about their rationale for sorting the cards in gipalar way. Once completed, a
photograph was taken of the sorted cards (seeefigior an example)

Figure 2: Hargreaves’ Ego Network

Consortium members used many different approaatsadionales for sorting the
cards. Amongst others these included:

Collaboration on previous projects

How well they knew others members’ work

How they are currently working together on the T&jqct

How they envisage working together as the TP ptajegelops

% This exercise was not completed with Craig Jos8,(Neil Strachan (NS) or Goran Strbac (GS)
either because there was no time, or because ewimiv took place. It should therefore be borne in
mind that due to the absence of outdegree datanvi@ they consider themselves to be connected to)
in these cases, these nodes are likely to occupy peripheral positions than may actually be tleeca
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* Whether or not they are in the same theme of thprofect.
* What University people are from.
* What career stage (PhD, RA, Prof etc) they are at.

Typically, multiple rationales were used to prodeeeh diagram. For example,
people who had been collaborated with before weend to be close to the ego, as
would those who were in the same institution ot pathe same theme on the TP
project. Accordingly, the basis of the network earslightly from ego to ego, but in
general the sorters appeared happy that the fetalanks they produced represented
the organisation of the TP project as they sawtii@time of the interview. To
analyse the data, the photos along with the retesegtion of the interview transcripts
were used to assign each pair of participantsagioelship ranging from 0 (no link) to
2 (strong link). Relationships were graded 2 if éigp commented that they worked
closely with a particular alter either on the TBjpct or in general. Links were graded
1 if the ego had had some prior interaction withn dkter. Links were graded O if the
ego commented that they did not know the alteri@dndt see them as related on this
project, or if the relationship was not reciprocatee. wherex knewy, buty did not
knowx). These data were then converted into the ed@jeliformat for use with the
Netdraw 2.089 visualization programme (Borgatti 20Figure 3 was then created
using NetDraw’s ‘Spring Embedding’ layout functidrhis uses an ‘iterative fitting’
approach to creating networks, in which it staritha random layout of the nodes,
measures the badness of fit between them, andgssigely improves upon this in
order to put those nodes with the shortest geogeditlengths closest together. A
geodesic path is calculated by the number of gelatin the shortest possible route
from one actor to another, and is thus a measunewfinterconnected nodes within a
network are to one another. In short, the springeading function arranges nodes
according to their similarity. Thus, those with ganpatterns of connections are
closer together (Hanneman and Riddle 2005). For

ease of interpretation, figure 3 also uses NetDsamode repulsion’ and ‘equal edge
length’ functions in order that nodes were not gexitoo closely together.

26



AR

KSWY.

Figure 3: Graph of the Transition Pathways ProjectSocial Network

Notes:
Node Colour: Red = engineering background. Blueciad science/economics background

Node Shape: Circle = theme 1. Square = theme angie = theme 3. Diamond = more than one

theme.
Node Size: Proportional to ‘betweenness centralithis is a measure of the number of times a

node appears on the shortest path between two rldess and is used to identify crucial ‘brokers’
within social networks.

This network has an overall density of 0.35 (calted by dividing the number of actual
links between nodes, by the number of possibles)ink short, this suggests that there is
a relatively low level of interconnection betweamsortium members. Beyond this over-
arching observation, a number of specific featstaad out from the graph. First, it
shows a very clear distinction between the engsaed social scientists/economists on
the project. This division was also expressed @ers¢ occasions during interviews in
which consortium members regularly commented thigraction and exchange across
these broad disciplinary domains had been extretimeited:

“Interviewer: So putting yourself in the middle, wdo you see yourself as
most closely related to and who's furthest awayséhsorts of things?
Respondent: Yeah. | wouldn't be surprised if tHosther away are all the
social scientists.{Interviewee 02, p26 - Engineer)
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This absence of strong relationships across thead@mvas also evidenced through
confusion in the interviews about what role théeddnt disciplines were playing on
the TP project. Whilst there was some apparenteageat that those from an
engineering background were likely to be doing soletailed modelling of the
different pathways, there was less clarity aboaicty what this would entail and
how the models used would be related to the path\{sse section 6.2 below). In
contrast, there was very little agreement aboutdlesocial scientists/economists are
playing on the project with interviewees suggestingumber of different roles such
as assessing public acceptability of new technegginalysing the potential for
cultural and institutional change within energy gamies, understanding policy
development and implementation processes. Suclusionfwas often blamed on a
lack of clear roles being set out in the initiabject proposal, although this was also
welcomed by many as offering the flexibility neededinterdisciplinary working to
occur. Nonetheless, such confusion over the raofesrent disciplines are playing on
the project seems likely to hinder further intecghéinary collaboration.

Another prominent feature of figure 3 is the cldestinction between the different
themes on the project. Specifically, themes 1 l@gscand 2 (squares) are clearly
distinct. Here, theme 1 appears to be relatively ezmnected internally, whereas
theme 2 appears to be more scattered. In partj¢hizne appear to be at least two
institutional cliques (where all nodes know eadieo) apparent within theme 2. The
Strathclyde team (bottom left of the graph) isiin&dly well connected, and through
Graham Ault (GA), Stuart Galloway (SG) and Davitldid (DI) appears to have
clear routes into the rest of the consortium. Thpdrial team (Aidan Rhodes [AR],
Marko Aunedi [MA] and Goran Strbac [GS] — top rigiitthe graph) are also
internally well connected, but here there are felidss to the rest of the consortium,
suggesting this team may be isolated from theafetbte consortium. Theme 3,
however, remains the most scattered of all. Aghese divisions were borne out in
the interview discussions:

“If I was analysing this [ego network], I'd suggekat the problem is that the
project is in 2 parts. There's theme 2, and thenefls theme 1....1 can see
where it needs to interact. I'm worried | have aheai who these guys are.”
(Interviewee 03, p43-44 - Engineer)

This observation reinforces the apparent need termteraction between the project
teams, and for greater clarity over how each teaemgaged in the pathway
production process. The recently established Teah&laboration Working Group
would thus appear to be a positive step in thieg@rdirection.

A third prominent feature of figure 3, is the promnce of Tim Foxon (TF), Neil
Strachan (NS), Nick Hughes (NH), Matthew Leach (M&goff Hammond (GH),
Peter Pearson (PP) and Murray Thomson (MT) as kalkebs for linking the social
science/economics nodes with the engineering nddes.is a very positive
observation as it suggests that vital links actbesngineering and social
science/economics domains, and between the diffdtremes are already well-
established. It also suggests that these indiviadudl play vitally important roles in
developing these links further and increasing #igvorks overall density.
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A fourth noticeable aspect of figure 3 is the pleeial role played by the PhDs and
RAs on the project in comparison to the Pls and<Cd+his is unsurprising especially
given that many of the RAs and PhDs had had limngdlvement with other
consortium members when the interviews were comrdudionetheless, within
interviews several of the Pls and Co-Is commerttatithe PhDs and RAs on the
project were likely to be vital if meaningful intisciplinary collaboration was to
occur at all:

“Ultimately the RAs and the PhD students are thgiremroom for the whole
project, because none of the academics have aeytdinvork on it properly”
(Interviewee 03, p32 - Engineer)

The recent proposal by the RAs and PhDs to undedadetailed characterisation of
the existing energy system can thus be seen asitavpstep towards closer
interdisciplinary working. On a cautionary notewswver, several more senior
consortium members commented that interdisciplipaan be a risky business for
younger researchers as it may lead to a lack éterft disciplinary specialisation

and publications. Whilst it is to be expected thatRAs and PhDs will take up more
central positions in the consortium as the progecttinues and develops, this suggests
that this process should be carefully planned apervised by more senior

consortium members.

Finally, based on the interview transcripts, twdHlar features of this social network
are conspicuous by their absence. First, therdaskaof any nodes from external
stakeholders such as E.On. Several intervieweesdas that having E.On as an
external partner was incredibly valuable due toitideistry expertise they possess and
the access to data sets they may be able to prdaigeneral, however, there was a
feeling among interviews that the consortium watsmaking the best use of E.On,
and therefore that closer collaboration would b&rdble. Second, several
interviewees commented on the apparent lack ofcdésli economists within the TP
project:

“l see no economists here. That's one area thaite qgmportant to the project
| think. If we are looking at transition pathwaytsen cost is an important
iIssue, and we have no economist to actually sitndamd do it."(Interviewee
22, p28 - Engineer)

This apparent lack of economists within the congortis another issue that calls for
further attention.

In summary, figure 3 offers several valuable int8ghto the current relationships and
interactions on the TP project. Most worryinglysitggests a relatively low level of
interconnection to date, and the divides betwesaiglinary domains and between
themes suggest that the project is currently wgrkilong mono-disciplinary lines and
even, in some cases, in apparent isolation froraratbnsortium activity. Figure 3 is
static, however, and recent developments amonB&AsPhDs group and the
Technical Elaboration Working Group suggest thaireianalyses may produce very
different networks. It may therefore be valuabledpeat this exercise at different
intervals in order to assess how interdisciplinaoyking practices have developed
and ensure that critical relationships are estagtisand worked upon if required.
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6.2 Models and Pathways

Within the interviews, the distinction between tleeinand theme 2 that figure 3
demonstrates appeared to focus on two key eleroéttie relationship between the
pathways produced in theme 1, and the technologitdleconomic models that
would be used to develop the pathways under therRgs2, in relation to how
numerical and robust the pathways needed to beder ¢o allow modelling to occur,
and how such numbers should be produced, and secardation to how models
contained various built-in assumptions that nedddzk considered in the process of
developing the pathways.

The initial outline pathways were seen as insugfitly numerical by many of the
modellers within theme 2 who required quite speats of numbers for their models
to function adequately:

“We need to receive fairly detailed ideas about mouch wind energy they
expect by 2020, how much nuclear energy they expe2020. Do they
expect high quantities of microdistribution? Doytlexpect high quantities of
large scale distribution? | know each pathway fedént, but we need to have
four or five scenarios with those ideas in thergveacan say ‘okay well we
can model that like that’, or ‘we can model thielthat’.” (Interviewee 07, p8
- Engineer)

In addition, there was some reluctance among tivithén theme 2 to get involved in
the production of the pathways, first because prergeived that a formal method,
based on the Dutch transitions theory, had beeptaddor their generation, and
second because producing such numbers withoutastarimal method would
represent mere ‘guesswork’:

“There is a formal method that has been adopteth&r generation, which is
good because one of the problems with writing tlses@arios is trying to
ground it in something. Otherwise you’re just siickyour finger in the air.”
(Interviewee 03, p20 - Engineer)

At the same time, members of theme 1 suggesteddfoepeople on theme 2 to
engage more directly in the production of the patysvand particularly adding
numbers to them because, based on their techixpattese, they had a better ‘feel’
for what these numbers were today and thus howrthiglgt evolve. This apparent
stand-off supports the call for greater ‘off-modellaboration’ in the production of
the pathways made by the Kings College team i Htatement on cross-disciplinary
working on the TP project.

Whilst the issue of ensuring the pathways are gefitly numerical to allow for
modelling to occur is pressing, others perceivetbee fundamental point to arise
from the fact that the models themselves contaitaicein-built assumptions about
how the energy system functions. There was someetorthat any models which are
used needed to be included in the pathway produgtiocess from the outset and
therefore act as a basis for structuring thinkiogss the whole project:

“Anytime you use a modelling tool, then other partshe project need to
work with that modelling tool. That forces otheiopé in the team to try and
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interact with this model which in some ways stroesutheir thinking.”
(Interviewee 12, p5 — Social Scientist/Economist)

Structuring the project according to specific mggdabwever, was recognised by
others as failing to challenge the specific assionptthat are built into the models,
and therefore as failing to get the most out ofitiberdisciplinary potential of the TP
project. Indeed, were the TP project to be basedral the models being used, this
would approximate a multidisciplinary approach aekd via a subordination-service
mode of working in which all parts of the projeffieetively serve the models.
Instead, there was a perceived need amongst soenei@wees to make the
assumptions around which the models were consttuotee explicit from the outset,
in order that they may be challenged and changeeéaéssary. In particular, this issue
arose with regards to how models characteriseg¢hanour of social actors:

“I think a classic difficulty arises because ondha things the modellers
would love to have is some way to put some numibettseir spreadsheets,
which characterise the behaviours or the attitudelse social actors. And
there certainly can be a hope that the social seieesearchers will produce
that number for you on a better basis than youdcbulplucking it out of the
air. [However], many of the social scientists, ihiy would push hard against
that, because they're trying to bring a richer usid@ding. So | suspect we
will hit some of those tensions further on downlihe.” (Interviewee 17, p20
- Engineer)

This example reveals that models invariably emlembcific disciplinary approaches,
which in turn raises very challenging questionsutthmw they can be used within
interdisciplinary projects. This suggests thatddition to a need for greater ‘off-
model collaboration’, there may also be a neegéone on-model, or perhaps in-
model, collaboration in which these assumptionsraade transparent and factored in
to interdisciplinary collaborations. Such a suggesplaces the initial onus of
responsibility onto the social scientists/econogwgithin the consortium to actively
seek to understand how the engineering modelsiumand how they account for
social actors. At the same time, however, it waltb call for the engineering
modellers both to take the time to explain the neteey use, and to be prepared to
critique and be flexible about the assumptions ereybased upon. In short, it would
demand both patience and mutual understandingeaerd with these in abundance it
would not necessarily be guaranteed to produceessfid outcomes. On the basis of
this, and the discussion in section 5.1, howevevpuld appear that interdisciplinary
collaboration is most vital, and perhaps holds npos$¢ntial, in precisely the areas
where mono-disciplinary approaches tend to holdysavel, as such, normally go
unchallenged.

6.3 Models of interdisciplinary working

The relationship between the transition pathwaybkwamious energy system models is
in many ways just a part of a larger issue raisdtie interviews about how the
different themes within the project should worketiger. Within the interviews

several different conceptions of how the projecisti function were invoked, with

the same interviewee often invoking more than oné@e course of the same
discussion.
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Most participants suggested that an ‘iterative’rapph would form the ideal way for
the project to work:

“The way | thought it would work best is if thereasviterations [between the
themes]. You try something, and then it comes bai#,it goes around.”
(Interviewee 16, p7 — Social Scientist/Economist)

In this iterative approach, the development ofgathways is led by theme 1 but in
constant dialogue and collaboration with theme &wvis seen to assess the pathways
for their technical and social feasibility, andaithd more detail to them which in turn
enables those in theme 1 to constantly improve tharall plausibility. This is all

seen to occur within the context of theme 3 whgchngaged throughout this process,
and once the pathways are agreed upon is thetcabdmduct whole systems
appraisal of them. Even here, however, the whadéesys appraisal process may
generate a need for further iterations. This apgresssummarized diagrammatically

in figure 4 below.

As mentioned, this iterative approach was seedesd by most consortium members,
however it was also seen as being extremely timswaing, particularly given the
consortium’s geographical spread, and as demankatgll consortium members
remain flexible throughout the process in ordet thay can adapt their approaches,
models and research according to how the pathwayslap.

Figure4: An Iterative Approach

The second most commonly invoked approach sawitfezeht themes collaborating
sequentially. Whilst the iterative approach hadbeesented as an ideal that may or
may not be happening, this approach was often edakdirectly as an example of
how things were currently operating on the projelgre, and as summarized in figure
5, theme 1 is seen to produce the pathways be&oréitng them over to theme 2
which is able to model, refine and add detail enthbefore finally theme 3 appraises
them according to certain properties:
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Theme 1: Theme 2:

Produce finished Evaluate them Somehow integrates

SETEVE in various ways

Figure 5. A Sequential Approach

“We’'re waiting for theme one to sort out the patgg/avhich they want us to
model | think.” (Interviewee 07, p8 - Engineer)

“I think that in theme 3 we’re at the end of it. Biiink we collect the results
of everybody else’s work, and | don’t see us dlyeebrking very, very
closely with the other themegrhterviewee 09, p36 - Engineer)

Whilst this approach was commonly invoked, it wis® &riticized by several
interviewees. In particular, it was seen as avgi@giny meaningful interdisciplinary
collaboration and potentially enabling any assuarn®imade in theme 1 to go
relatively unchallenged by the other themes. Th@ach may be seen as
multidisciplinary at best, and mono-disciplinaryairst.

A third, ‘staged’ approach was also mentioned incWinterdisciplinary

collaboration occurs at particular stages of tlgggut, in particular during the initial
production of the pathways, but once this is cotegl¢he different themes then work
in mono-disciplinary isolation:

“Everything stems from the pathways. Once you'vietigem right, then you
can go away and start detailed modelling with uaispecific aspectsl..
think the first half of this project is definiteigiterdisciplinary but | think
towards the end, it will become, it will become mddisciplinary].”
(Interviewee 05, p18 - Engineer)

Others suggested that this might also involve lleenes coming together again
towards the end of the project to integrate thekwiey have done:

“Interviewer: So in some sense the social s@entiave a role afterwards?
They come later on in the project?

Respondent: | would say so. That would be myfgeling. Maybe they could
have a role at the start, but there’s seems tdtlgerble in the middle.”
(Interviewee 07, p23 - Engineer)
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Stage 1: Produce initial 1, Stage 2: Model the |1 Stage 3:Evaluate the
pathways n pathways 1 pathways

Figure 6: A Staged Approach

This approach is summarized in figure 6, and agabe something of a
compromise between the iterative and sequentiakirtbdt enables a degree of
interdisciplinary collaboration in the productiohpathways and integration of
results, but also overcomes the practical challergénterdisciplinary research
through periods of mono-disciplinary working. Theylconcerns with this approach
however, are first that the opportunity for inteiplinary collaboration may already
have been missed, and second, that extended pefitatk of contact and interaction
may mean that there are few opportunities to clieakall partners are working
towards the same aim. This approach also retases|aential element meaning that
assumptions made in one theme may go unchallehgedghout the project, or at
least not be challenged until it is too late to malgnificant changes.

It is also worth noting that these quotations inpigt theme 2 is the least
interdisciplinary of all three themes on the prbjét contrast, the previous sub-
section illustrated that it is within theme 2, andussues of modelling the pathways,
that the distinct ontological and epistemologicdwamptions of the different
disciplinary approaches come into contact and tbe¥eequire the most careful
interdisciplinary discussions. If such a stagedh sequential, approach were allowed
to come to pass, therefore, the TP project woulctine risk of veering away from
interdisciplinary collaboration at precisely the ment where it is most needed and
could, potentially, offer most value.

A fourth and final ‘sliced’, or ‘gated’ approachegsfigure 7) was not directly
mentioned in any of the interviews but perhaps ke a further compromise, which
retains the positive aspects of the other modelsllso avoids some of their pitfalls.
In this model, the different themes are seen asatipg in parallel throughout the
duration of the project, but come together regularicollaborate through meetings
and sub-projects that produce joint outputs:
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“l think ideally we would have individual work paages that require people
to be talking to each other, daily, weekly or wateit might be...1 think that
should be firmly on the agenda, because othenhisel@anger is that we come
together every 3-6 months or so and then peopbangry and they do their
own bit.” (Interviewee 17, p25 - Engineer)

Whilst this approach is perhaps most accuratelgrdeesd as multidisciplinary,

regular meetings could ensure consortium membegstigun each others assumptions
and work towards the same aims. Furthermore, thrgu-projects, such as the RAs
and PhDs recent ‘Engine Room’ meetings and the flieahElaboration Working
Group, this model is seen to be striving towardset collaboration and even
interdisciplinary collaboration throughout. Ultinedit, this model accepts that
multidisciplinary working may be the only realisapproach, but is seen as
attempting to convert this into a deeper and maegrative form of

interdisciplinarity as the project develops.

\

N

»

Figure7: A Sliced or Gated Approach

All of these models have both strengths and weakimeterms of how practically
achievable they may be, and with regards to how épgroach interdisciplinary
working. Currently, whilst most interviewees sedtarative approach as ideal, the
social network analysis discussed in section & lyell as several of the comments in
the interviews, suggests that at present the grig@toser to a staged or even
sequential approach. The purpose of elaboratirgetiéferent approaches, however,
is to encourage the consortium to reflect expliath which approach is seen as most
desirable in order that interventions can be mauiesaiccessful interdisciplinary
collaboration can be achieved.
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7. Draft Conclusions

As noted at the outset, this report approache$ Bhproject as a case study of
interdisciplinary energy research. Specificallys tteport has sought to conduct a
formative evaluation of the TP project, exploringrent practices and processes of
interdisciplinary working in order to lay the basis further discussion and,
hopefully, to improve our interdisciplinary collatadion in the future. We would like
to thank everyone for co-operating so fully withaver the last few months in the
production of this report, and hope that it wilbpide food for thought at the
November Workshop. As the project is still in pregg and has evolved rapidly since
work on this report began, it would be inapprogritt present formal final
conclusions based on this work at this stage. dalstee present a series of draft
conclusions drawn from this analysis in the forngoéstions and we welcome
opportunities for further discussion.

Conclusions 1-5 are addressed to the TP Consoftiumternal consideration whilst
conclusions 6-7 are more outward facing.

1. In terms of social learning, there is evidencehiovs that taking part in this
‘interdisciplinarity project’ has been valuableiigself as it has enabled
members to develop a vocabulary and common waysadrstanding what
interdisciplinarity entails. Those individuals whompleted the Q sort ahead
of the interview, for example, would often use eta¢nts from the concourse
whereas others who undertook the Q sort aftenteeview sometimes
struggled to express personal opinions on inteiglisarity. For both groups,
providing a ‘formal’ reason to reflect on what fhié consortium is committed
to in terms of doing interdisciplinary research basn useful. Should further
opportunities for reflection be built into futureork?

2. The research is relevant to planning the next $tapBP project. The
evidence shows that it takes time for specialsiedrn more about each
others theoretical/conceptual, methodological angigcal research. We have
highlighted how, in the literature, discussionsghoterdisciplinary research
between the physical and social sciences, tendsrtsmna linear model of
knowledge production with social scientists at‘ta#-end’, undertaking the
translation and policy-facing work associated viatinging research into
practice. Physical scientists are urged to embsacil scientific concepts
[frameworks in co-production models of research.tBare is equally an onus
on social scientists to engage more seriously thighepistemological and
methodological bases of engineering research. Tai wktent is this level of
reciprocity desirable or possible? The initiatba#ng taken by the RAs and
PhDs through their ‘Engine Room’ meetings suggestsght be.

3. The interviews have highlighted in a rigorous aystematic way, some of the
on-going problems with Theme 2 which have alreagignbdiscussed at
previous Consortium meetings. Our analysis suggeatsTheme 2 should
become the most interdisciplinary aspect of thggotavhereas, at present, it
is normally treated as the least. Itis in Thenveh2re core concepts clash
and where, therefore, most interdisciplinary vaiaeld be added or lost. The
guestion for the November Workshop, and for thelp@stablished Technical
Elaboration Working group, is how best to do this.
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4. Several interviewees expressed uncertainty as &b thie final outputs of the
TP project will be, and specifically, regarding wifiam the final pathways
will take. Whilst a degree of flexibility in determng this was welcomed,
particularly in the early stages of the projectydts generally felt that firmer
guidelines regarding outputs should now be estaddisThis raises several
difficult questions: what will a finished pathwagdk like? To what extent,
and how, will they integrate technical, social, gjitative and qualitative
outputs?

5. A wide range of more practical recommendations wesationed in the
interviews, these included the following:

» there should be more project meetings (or perh&gpescalls), that
should be better structured;

» the whole consortium should make better use owike

» there should be more focus on joint projects sgcth@ RAs/PhDs
work and the technical elaboration working group;

« stronger leadership/vision of how the project stqubceed and what
its outputs will be would be helpful;

* consortium members should agree on what leveltefdrsciplinary
collaboration is realistic/achievable in this pitjd=or example, we
may have to accept multidisciplinarity in this gci, but this could lay
the ground for stronger interdisciplinarity in dué projects;

» the consortium as a whole should make better uge@f’'s
involvement in the project to develop its transitibeary aspects.

6. Looking outwards, we think there is evidence hersuggest that the EPSRC
Sandpit process needs additional support in ocddeliver its
interdisciplinary goals. In particular, the sp&éth which the consortium was
required to produce a full proposal meant thatmalver of important issues
were not able to be fully dealt with ahead of tteetsof the full project.
Getting to common understanding in interdisciplnaasearch takes time. It
requires seedcorn funding to support ‘proof-of-apitahead of
implementation of the full research programme. TReconsortium is having
to do this important work at the same time as uaéterg its research
programme.

7. Finally, we would agree with Strathern (2004) timrdisciplinarity has
become hyper-formalised in contemporary reseanahi s not always
carefully thought through, nor is there a well-bitdhhed vocabulary. The
understanding of interdisciplinarity is at diffetestages of development in the
social and engineering sciences. A major unresaluedtion is therefore,
how far does willingness to do interdisciplinarynwextend before real
conceptual limits are reached?
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Appendix 1: Detailed Factor Descriptions from the QMethodology Study

Q Sort 1: The general view of interdisciplinarity

No. | Statement Factor
1] 2| 3
1 Interdisciplinary research is a solution to real world problems 3| -1] 4
2 The real world is not divided up by academic disciplines 3| -1] 4
3 Interdisciplinarity is a measure of successful science 4|1 5] -2
4 The success or failure of interdisciplinary research depends on project 2|1 3| 0
structures, procedures and requirements of those funding the research
5 Interdisciplinarity is about working together to find things out 31 -1] 1
6 Interdisciplinary research takes longer to do 1] 4] -1
7 Interdisciplinarity is a problem to explore 2] 0| -5
8 Real interdisciplinarity is a pipe-dream 0| 4] 4
9 Interdisciplinary research opens up the framing of problems 2| 3| 2
10 | It's a way for politicians to control funding 4] 0| -5
11 | Interdisciplinary research is less cutting edge than pure disciplinary research 4] 5| 3
12 | Interdisciplinary science is more accountable to society 2 4] 1
13 | The problems of doing interdisciplinary research are about philosophies than o 0] O
disciplines
14 | The problems of doing interdisciplinary research are more about individual o 1| -3
personalities
15 | Interdisciplinarity is an end not a means 5] 3| -2
16 | Finding a common language is the biggest problem in interdisciplinary 1| 1| 2
working
17 | Interdisciplinary brings science closer to the needs and concerns of citizens 2| 2| 5
and consumers
18 | Disciplines are stifling 1] 3| 4
19 | Working with researchers from different disciplines is a way to improve my 1| 3| 1
own research
20 | ltis important to maintain the boundaries of disciplines -1] 5| -3
21 | Research is about constructing disciplines 3| 1| 4
22 | Some disciplines are better equipped than others for interdisciplinary 2|1 3| 0
collaboration
23 | The structure of project is more important than the disciplines involved 1] -1] O
24 | Disciplines determine individual's research priorities 1] 21 0
25 | Interdisciplinary research better serves the economy 2| 4| 3
26 | Problems are more important than disciplines 1] -2] 0
27 | Disciplines structure methodologies 1] 2| 1
28 | I don't care about disciplines 2| 4| -1
29 | Interdisciplinarity promotes innovation 5/ 5] 1
30 | Interdisciplinary research promotes application of research in policy and 0O -2 5
practice
31 | The boundaries between social science disciplines are fuzzier than those in 4 2 1
the natural sciences
32 | The promotion of interdisciplinarity is a threat to autonomous science S5 4| -2
33 | I don't privilege any particular way of framing a problem 3] -2 -2
34 | Working with other disciplines is about broadening my horizons 41 -1 2
35 | Some disciplines are rife with internal divisions anyway 0| 2] -1
36 | Different disciplines offer more than just different perspectives 41 1] 3
37 | Interdisciplinarity is about synthesis and integration 3] 0| 2
38 | Some disciplines have a naturally subordinate position when working with 1) 1 1
others
39 | Working with other disciplines helps challenge ingrained assumptions 5/ 0] 4
40 | Social sciences are more suited to a ‘delivery’ role 0| 0] -3

Table 2: Sort 1 Factor Arrays
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Table 2 summarises the 3 different factors prodingesbrt 1.

Sort 1 Factor 1: Horizon expanders

This factor explained 12% of the overall varian@erters who loaded highly on this
view appear to suggest that the general view efdiciplinarity is largely positive.

A key benefit is that it promotes innovation (295°), and it appears it is able to do
this because working with other disciplines hefpshallenge ingrained assumptions
(39 = +5) and in so doing opens up the framingrobjems (9 = +2). In general,
working with other disciplines is seen positivelyaameans of broadening horizons
(34 = +4), and this is helped by the fact thatetight disciplines offer more than just
different perspectives (36 = +4). Indeed, suchésdegree of benefit that
interdisciplinarity provides, it may even be sesraaneasure of successful science (3
= +4).

Whilst the primary benefit of interdisciplinarity its ability to challenge assumptions
and expand horizons, a secondary benefit is tleanifprovide a solution to real world
problems (1 = +3) which cannot be achieved by gdis@ary research alone because
the real world is not divided up by academic dibegs (2 = +3). Interdisciplinarity’s
real world focus, it seems, may also help to bsaignce closer to the needs and
concerns of citizens and consumers (17 = +2) abdtier able to serve the needs of
the economy (25 = +2), although in interviews theb® loaded highly on the sort
expressed some doubt over whether or not this pasfi to interdisciplinary
research or could also be achieved through mormptiisary approaches.

Sorters agreeing with this view saw interdisciplitygas a means rather than an end
(15 =-5), and were quick to emphasise that it gosethreat to autonomous science
(32 =-5), perhaps partly because is not a wapdtiticians to control funding (10 = -
4). Indeed, sorters within this view would appeastiggest that it can happily co-
exist with disciplinary research because althoughiplines do not determine
individuals’ research priorities (24 = -1), struetumethodologies (27 =-1) or
necessarily produce research that is more cuttigg €11 = -4), they remain
something that should be cared about (27 = -2) dwesearch should not be solely
devoted to their construction (21 = -3).

Sort 1 Factor 2: Strict disciplinarians

This factor explains 21% of the overall variancert&s who load highly on this

factor suggest that the general view of interdiseapity is in fact quite hostile

towards interdisciplinary research. Here, discgdirshould be cared about (28 = -4)
and it is vitally important to maintain their bowarges (20 = +5) because they are the
cutting edge of research (11 = +5). Interdiscipiilyas seen as a threat to such
autonomous science (32 = +4) and, in any cases takger to do (6 = +4) and in
many cases remains a pipe-dream (8 = +4). Indesdplines themselves are seen as
rife with internal divisions (35 = +2) thereforgeéndisciplinarity does not necessarily
add new or alternative perspectives.

* These detailed factor descriptions representtamat to reconstruct the ‘ideal type’ sorts that
emerged from the factor analysis. Accordingly, teggk closely to the language used within theesbrt
statements. Where a specific statement is reféordgts number and column position (from -5 to i5)
noted to ease interpretation.
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Whilst this view sees interdisciplinarity as an eather than a means (15 = +3), in
interviews those who loaded highly on this sosted that it should not be seen as
an end in itself. They were quick to point out tiresome cases it might be useful,
whereas in others a mono-disciplinary team is massful. As such, interdisciplinarity
Is seen as a potential product of disciplines wisichcture methodologies (27 = +2)
and determine individuals’ research priorities £242). The success or failure of
interdisciplinarity is thus crucially dependenttbe structures, procedures and
requirements of those funding the research (4 =an8)how they arrange disciplines
together into specific projects.

Disciplinary research is at the cutting edge oésce and, as such, interdisciplinarity
should certainly not be used as a measure of ssfatesience (3 = -5). It does not
necessarily promote innovation (29 = -5), it doesmecessarily better serve the
needs of the economy (25 = -4), it does not necgspaomote the application of
research in policy and practice (30 = -2), it i$ mecessarily more accountable to
society (12 = -4), and it does not necessarilygscience closer to the needs of
citizens and consumers (17 = -2). At the same twoeking with researchers from
other disciplines does not necessarily improvendividuals’ research (19 = -3), at
least in part because it neither opens up the frami problems (9 = -3) nor broadens
horizons (34 = -1) any more so than pure discipjimasearch.

Sort 1 Factor 3: Interdisciplinary appliers

This factor explained 21% of the total variancerd;i¢he general view of
interdisciplinarity is that it is applied researtthcan promote the application of
research in policy and practice (30 = +5), anddbgaience closer to the needs and
concerns of citizens and consumers (17 = +5). Aigiait is not a primary concern,
such application also means that interdisciplimasgarch can better serve the needs
of the economy (25 = +3). Such application does Im@ivever, necessarily make it
more accountable to society (12 = -1).

A key part of interdisciplinarity’s applied natueits real world focus. It is seen as a
solution to real world problems (1 = +4) which aa divided up by academic
disciplines (2 = +4). A key reason that it can helddress such real world problems
is that by drawing multiple disciplines togethéheélps open up the framing of
problems (9 = +2) and can broaden individuals’ zmms (34 = +2). The challenge of
interdisciplinarity is then to bring about syntteeand integration (37 = +2) across
these different disciplines. This demands collatiegavorking to help find things out
(5= +1) and such working with others from differelgciplines ma serve as a means
of improving an individuals’ own research (19 = j#dyen if finding a common
language can be a key challenge (16 = +2).

Despite its many benefits in terms of applying aesk to real world problems, this
view also cautions that interdisciplinarity is lesgting edge than pure disciplinary
research (11 = +3). Whilst research should notdeeitaconstructing disciplines (21 =
-4) or necessarily striving to maintain their boands (20 = -3), this view stresses
that disciplines are not stifling (18 = -4) and sluotherefore be retained in the
attempt to get cutting edge solutions to real wprlablems. Interdisciplinarity is
therefore not a threat to autonomous science (2 and is certainly not a way for
politicians to control funding (10 = -5). It is aelans rather than an end in itself (15 =
-2) but achieving it is far from a pipe-dream (843. It does not necessarily take
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longer than disciplinary research (6 = -1), but sloould time be wasted on exploring
it as a problem in itself (7 = -5). In short, irdesciplinarity is not the be all and end
all. It helps primarily as a means of applying mgtedge disciplinary research to help
find solutions to real world problems.

Sort 2: Personal experiences of interdisciplinarity
Table 3 summarises the 2 different factors prodingesbrt 2.

Sort 2 Factor 1: Applied solution seekers

This factor explained 28% of the overall varianoethis view consortium members’
prior experiences of interdisciplinarity lead thesrsuggest that it is about
application. It serves to find solutions to realrldgroblems (1 = +3) precisely
because the real world is not divided up by acadelsciplines (2 = +5). In turn, this
real world focus helps promote the applicationesferarch in policy and practice (30 =
+5) and also brings science closer to the needls@mcerns of citizens and
consumers (17 = +4). It should be noted, howewat, guch real world application
does not necessarily make interdisciplinary regearare accountable to society (12
= -1), and nor does it necessarily promote innovefP9 = +1) or better serve the
needs of the economy (25 = +1).

A key means by which interdisciplinarity appear®#oable to achieve its real world
application is because working with other discipirhelps to challenge ingrained
assumptions (39 = +3) which, in turn, helps indist$ to broaden their horizons (34
= +4) and opens up the framing of problems (9 = F¥Bjough this, interdisciplinarity
IS seen as a means of improving an individuals’ osgearch (19 = +3). At the same
time however, working with other disciplines and tieed for synthesis and
integration (37 = +2) also poses the biggest chg#do interdisciplinary research,
which is finding a common language (16 = +4). Tdi& means it takes longer to do
(6 = +1).

Importantly, interdisciplinarity is seen as a ps&e means rather than an end (15 = -
5) and as such is far from a pipe-dream (8 = -Apeliences within the consortium
also suggest that it poses no threat to autonoswasce (32 = -5) and is certainly
not a means for politicians to control funding &.64). It can therefore be seen as
happily co-existing alongside disciplinary reseatult it is important to recognise
that no research, whether inter or mono-discipyinainould be purely about
constructing disciplines (21 = -4) or maintainih@it boundaries (20 = -3). Here, the
applied nature of research appears paramount. giogdy, interdisciplinary research
can be just as cutting edge as disciplinary reegdrt = -2) but still should not be
taken as a measure of successful science (3 fn-®)is view, consortium members
experiences of interdisciplinarity suggest thapiisnary value is its ability to help
find solutions to real world problems, it is al&zognised, however, that it is not
always helpful and, in some cases, pure disciplinasearch is better able to offer
such solutions.
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No. | Statement Factor
1 2
1 Interdisciplinary research is a solution to real world problems 3 2
2 The real world is not divided up by academic disciplines 5 2
3 Interdisciplinarity is a measure of successful science 2| -5
4 The success or failure of interdisciplinary research depends on project 2| -1
structures, procedures and requirements of those funding the research
5 Interdisciplinarity is about working together to find things out 2 4
6 Interdisciplinary research takes longer to do 1 3
7 Interdisciplinarity is a problem to explore 2| -1
8 Real interdisciplinarity is a pipe-dream -4 0
9 Interdisciplinary research opens up the framing of problems 2 1
10 | It's a way for politicians to control funding -4 1
11 | Interdisciplinary research is less cutting edge than pure disciplinary research 2| -1
12 | Interdisciplinary science is more accountable to society -1 -4
13 | The problems of doing interdisciplinary research are about philosophies than 1 2
disciplines
14 | The problems of doing interdisciplinary research are more about individual -3 2
personalities
15 | Interdisciplinarity is an end not a means 5| -4
16 | Finding a common language is the biggest problem in interdisciplinary 4 5
working
17 | Interdisciplinary brings science closer to the needs and concerns of citizens 4| -2
and consumers
18 | Disciplines are stifling 0| -2
19 | Working with researchers from different disciplines is a way to improve my 3 5
own research
20 | ltis important to maintain the boundaries of disciplines 3] -1
21 | Research is about constructing disciplines 4 -4
22 | Some disciplines are better equipped than others for interdisciplinary 0 1
collaboration
23 | The structure of project is more important than the disciplines involved -1 1
24 | Disciplines determine individual's research priorities 0 0
25 | Interdisciplinary research better serves the economy 1] -2
26 | Problems are more important than disciplines 2 3
27 | Disciplines structure methodologies 0 3
28 | I don't care about disciplines 0| -3
29 | Interdisciplinarity promotes innovation 1 0
30 | Interdisciplinary research promotes application of research in policy and 5 0
practice
31 | The boundaries between social science disciplines are fuzzier than those in o -3
the natural sciences
32 | The promotion of interdisciplinarity is a threat to autonomous science 5] -1
33 | I don't privilege any particular way of framing a problem -1 -3
34 | Working with other disciplines is about broadening my horizons 4 1
35 | Some disciplines are rife with internal divisions anyway -1 0
36 | Different disciplines offer more than just different perspectives 1 4
37 | Interdisciplinarity is about synthesis and integration 2 0
38 | Some disciplines have a naturally subordinate position when working with 3| -2
others
39 | Working with other disciplines helps challenge ingrained assumptions 3 4
40 | Social sciences are more suited to a ‘delivery’ role -1] -5

Table 3: Sort 2 Factor Arrays
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Sort 2 Factor 2: Problem explorers

This factor explains 19% of the overall variancetHis view, prior experiences of
interdisciplinary work suggest that working witthet disciplines is a vital way to
improve ones own research (19 = +5). Differentigigees offer more than just
different perspectives (36 = +4), such as differapthodologies (27 = +2), and
accordingly, working with other disciplines helpsdhallenge ingrained assumptions
(39 = +4). The real world is not divided up by agauic disciplines (2 = +2), and
solving real world problems is more important thisciplines in any case (26 = +3; 1
=+2; 21 = -4). As such, a key benefit of intergiinary research comes from
working together to find things out (5 = +4).

Despite these benefits, working with others carsequroblems. Finding a common
language is a key issue (16 = +5) as are the diftgrersonalities (14 = +2) and
philosophies (13 = +2) that can be found in intseghlinary research projects. This
can mean that it takes longer to do (6 = +3). Iddé&®ose of this view have more
doubt than others about the extent to which insefdlinarity is about synthesis and
integration between disciplines (37 = 0) and alvdugther or not real
interdisciplinarity is in fact a pipe-dream (8 = 0)

Whilst interdisciplinarity serves to challenge asgtions and improve research,
consortium members’ experiences suggest that ildhwt be taken as a measure of
successful science (3 = -5). It is a means rattar &n end in itself (15 = -4) and it’s
important that different disciplines are treatedaty within this process. For
example, social science disciplines do not haveiénoundaries than the natural
sciences (31 = -3) and are not more suited toigetglrole (40 = -5). As such,
interdisciplinary research should not privilege gayticular framing of a problem (33
= -3), and whilst disciplines are important, aré¢ seen as stifling (18 = -2) and
should be cared about (28 = -3), research shouldenabout constructing disciplines
(21 = -4) or necessarily maintaining their bounesu20 = -1).

Importantly, whilst interdisciplinarity can help épen up the framing of problems (9
= +1), it does not necessarily promote innovat@® £ 0), better serve the needs of
the economy (25 = -2) or bring research closehéoneeds and concerns of citizens
and consumers (17 = -2). Indeed, there is a stighpicion in this view that
interdisciplinarity might be a means of giving piciians more control over funding
(10 = +1) which is perhaps why those within thiswiwere less certain whether or
not it posed a threat to autonomous science (33.= -
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