Developing a culture of interdisciplinary excellence (DICE)

Exploring Interdisciplinarity

Summary report of DICE at the James Hutton Institute

Katrin Prager, Sue Morris, Mags Currie and Kit Macleod

March 2015

The James Hutton Institute

Scotland UK



Exploring interdisciplinarity at the James Hutton Institute, March 2015

The Developing an Interdisciplinary Culture of Excellence (DICE) project was funded by the James Hutton
Institute and the research undertaken between 2012 and 2014.
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A team of researchers from across three of the Institute's science groups (Information and Computational
Sciences; Social, Economicand Geographical Sciences; and Environmental and Biochemical Sciences) formed
the research team:

e KitMacleod (lead) (kit.macleod@hutton.ac.uk), Information and Computational Sciences
e Mags Currie (margaret.currie@hutton.ac.uk), Social, Economicand Geographical Sciences
e Sue Morris (sue.morris@hutton.ac.uk), Social, Economicand Geographical Sciences

Katrin Prager(Katrin.prager@hutton.ac.uk), Social, Economicand Geographical Sciences
e BexHolmes', Environmental and Biochemical Sciences

Kerry Waylen (Social, Economicand Geographical Sciences) helped us design the DICE research. Altea
Lorenzo-Arribas, Biomathematics and Statistics Scotland (BioSS) helped us analyse survey responses. Colin
Campbell (Director of Excellence), Bob Ferrier (Director of Impact), and Laura Meagher (Hutton Board)
helped steerthe DICE project throughout the research period.
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Executive Summary

1.1 Rationale for the research

This report synthesises the main findings of the Developing an Interdisciplinary Culture of Excellence (DICE)
project. The projectaimed toimprove our understanding of currentlevels of interdisciplinary research (IDR)
withinthe James Hutton Institute and assess what was required to support aninterdisciplinary culture of
excellence.

The DICE project was funded through aJames Hutton Institute seedcorn grant between 2012 and 2014. The
project was carried out by a team of researchers from across three of the Institute's sciencegroups
(Information and Computational Sciences; Social, Economicand Geographical Sciences; and Environmental
and Biochemical Sciences). The researchers used different methods (interviews, staff survey, and
bibliometricanalysis) to explore interdisciplinarity at the Institute, with aliteraturereview informing the
empirical work and contextualising the findings.

1.2 Research methods

A literature review was ongoing throughout the DICE project, and aimed to develop aframework for
understanding how IDR can be practised on the basis of sound theoretical foundations for (i) disciplinary
integration, knowledge exchange, and research production, and (ii) identification of IDR, and its evaluation.

Between March and November 2013, semi-structured key informantinterviews were carried out with 15
senior Institute managers (allseven Theme Leaders, all five Science Group Leaders, and the three executive
directors of science) and with six external stakeholders with policy, operational and commerecial
backgrounds. They providedrichinsights into experiences with and understandings of interdisciplinarity, and
made suggestions about how to enhance IDR.

The survey of James Hutton Institute staff (November 2013) aimed to capture scientists’ understandings of
what IDR is; levels of IDR at the Institute; and staff views on barriers, challenges, skills, and supportive
conditions associated with IDR. This summary outlines our main findings.

1.3 Why practice interdisciplinary research?

An interdisciplinary approach is widely advocated by funders and end users of research as well as scientists,
particularly toinvestigate complex problems. Such problems often involve (i) uncertainties in scientific
knowledge, (ii) han activitiesand interactions, and (iii) the political, economicand cultural dimensions of
knowledge affecting research andits impact.

Yet customers wanttheirneedsto be taken seriously and results delivered accordingly. Companies look for
solutionsto their problems; policy makers and agencies are interested in policy-relevant research. Whether
thisisthrough disciplinary orinterdisciplinary researchis of lessimportance and interest to them (although
many stakeholders see benefits from IDR). The Scottish Government's RESAS Division, amajor funder of the
Institute, isan exception and explicitly demands an interdisciplinary approach.

Stakeholderinterviewees indicated that good research and communication in teams and within the Institute
as a whole should underpin all research. Many of the interviewees’ comments would apply to any good
research project, team work and management, regardless of how many disciplinesit spans. Forthem, the
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guality of project management and communication determines the quality of the result; the quality of
internal and external communication determines the outcomes (e.g. knowledge exchange, policy impact).

SeniorInstitute staff agreed thatan interdisciplinary approach has many benefits, in particularfortackling
big questions orcomplex research issues such as the environment. IDR enriches understandings and can
reveal gapsin knowledge about aproblem. I[twas alsoseentofitin well withthe ethos of the James Hutton
Institute. However, they noted thatinterdisciplinary approaches may not be able to adequately address
some in-depth questions.

1.4 Whatisinterdisciplinary research?

While the term ‘interdisciplinary research’ is commonly used to distinguish this approach from disciplinary,
multidisciplinary, and transdisciplinary research, itis also sometimes used to referto the lattertwo and to
team-based research more generally. Within the literature, integration of disciplinary knowledge and
methodsis a key characteristicused to identify and assess the extent of interdisciplinarity in research, and to
distinguish IDRfrom these otherapproachesto research. Integration is measured by the extent of blending
of disciplinary knowledge and research methods, and the conceptual and institutional distance between
collaborating disciplines.

Amongour interviewees, there was ageneral understanding of interdisciplinarity as referring to working
across disciplines towards acommon goal, and usually torespond toa ‘bigger picture question’. However,
for manyinterviewees that meantworking between social and natural sciences; forsome it may have been
multidisciplinarity and for others transdisciplinarity. Several interviewees said that they saw no particular
difference in meaning between these terms.

Institute staff survey responses showed a diverse understanding of interdisciplinarity. The majority (59%)
understood interdisciplinary research as integrating different disciplines to work towards a jointly set
objective, ratherthan workingindependently underathematicumbrella, and not (necessarily) involving
non-academicparticipants. Yet 21% understood IDR to include non-academic participants, and for 16% of
respondents, research was interdisciplinary if different disciplines work towards a number of goals under
one thematicumbrella. Thesedifferent understandings influence the assessment of how much of their
research individuals would labelas interdisciplinary.

Survey findings showed no clear patterns of association between demographicand Institute-related
variables (age, gender, science group affiliation and length of time worked at the Institute) and variables
such as how respondents understand interdisciplinarity, levels of experience of IDR, whetherthey combined
social and natural science approaches, and what proportion of theirworkis IDR. There was also no evident
relationship between gender orage and attitudesto IDR.

1.5 How do we recognise interdisciplinary research?

Interviews with external stakeholders did not reveal much information about whatkind of indicators they
consideruseful torecogniseinterdisciplinarity. They saw IDR as having “both scientificand user benefit” and
“providing solutions to actual problems ratherthan parts of them.” Hutton Executive interviewees agreed
that there was no perfectindicatortotell if IDRwas happening, butstill believed that non-perfectindicators
were betterthan nothing. Senior managers suggested that different disciplines working togetheris a basic
indicator of whetheraprojector piece of researchisinterdisciplinary. In considering interdisciplinarity, they
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distinguished disciplines notonly broadly, ie across natural/social sciences, but also more narrowly, e.g.
across disciplines such as chemistry-psychology, economics-soil science, biology-informatics, or disciplines
within plant pathology.

We foundthatno single indicatoridentifies IDR; instead, acombination of differentindicatorsis needed.
Based on our respondents’ views onindicators, IDR at the Institute can be recognised by:

e adiverse mix of disciplinesinvolved, leading to different perspectives being considered and
integrated;

e asharedunderstanding of the problem and jointly determined research questions;

e research questions addressing complexand ‘real world’ problems;

o effortinvestedindevelopingacommonlanguage acrossthe team;

e on-going, preferably personal, two-way communication;

e trustandgood working relationships;

e atendencyfortasksto take slightly longerthan anticipated;

e adiverserange of outputs (single disciplinary and interdisciplinary academic papers, synthesis
papers, non-academicoutputs and events), with numberand background of authors playinga minor
role as an indicator;

e beingfundedbyanIDR programme;and

e greateradvancesinknowledge, but possibly with less depth.

Many of these indicators relate to the process of carrying out IDR (ratherthan the output). Several indicators
are difficult to measure quantitatively and instead require a descriptive approach (e.g. to ‘measure’ whether
there isa shared understanding of the problem).

1.6 How can we do interdisciplinary research better?

Itiswidelyrecognisedinthe literature thatthe processesinvolvedin IDR are differentfrom, and additional
to, the processesinvolved indisciplinary research, ie research that does notinvolveintegrating ways of
thinking, knowledge, and research methods across disciplinary boundaries. Problems for IDR teamsinclude
resolving epistemological (beliefs about what knowledge is) and ontological (howto produce it) differences
between disciplines. IDRteam members need to spend more time to understand the problemto be
addressed, and the different perspectives within the team; discuss and agree aresearch design; and sustain
productive interactions during the project.

Some concerns were expressed about the difficulties that ontological and epistemological differences create
for workingtogether, and some suggested such differences may resultin members of the team beingless
likely to communicate with each other effectively, or beingless able to airtheirviews confidently. Survey
respondents also showed a considerable degree of awareness of the challenges and benefits of IDR, along
with awareness of the personal attitudes, skills, and wider conditions needed to support this type of
research.

Increasingly, the literaturerefers to social learning and effective knowledge exchange within teams as key to
producing knowledge through interdisciplinary collaboration. Much emphasisis placed oninterpersonal
skills—in particular of team leaders—as the basis of good interdisciplinary team work. Ourreview showed
high levels of convergence around the principle of integrated working, with attention given to ways of
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‘harnessing’ disciplinary difference and conflicts to provide newinsights unavailable from disciplinary
approachesto research.

1.7 What do supportive conditions for interdisciplinary research look like?

The literature stresses thatinstitutional supportis needed for IDR from funding bodies, and the organisation
where researchis carried out. Support entails recognition of the more resource-intensive nature of IDR
processes, and theirlack of fit with existing, disciplinary-based organisational structures and cultures. There
isincreasinginterestin how research organisations can encourage and facilitateinterdisciplinary workingin
the design of organisational environments.

A numberof themes emerged from our research about nurturinginterdisciplinarity through supportive
conditions:
e time—ittakeslongertodo IDR and thisneedsto be recognised;
e teambuildingand communication—team members need to be open-minded and receptive, and
effectiveformal and informal communication needs to be facilitated;
e research cultures and working environments need to be conducive;
e physical spaces—appropriate workplace design can enable interdisciplinary working;
e incentivesforstaff andtrainingand skills—IDR should be considered in career evaluations and early
careerresearchers needtodevelop theirown discipline; and
e researchfunding—is adriverof IDR.

1.8 How should we evaluate interdisciplinary research?

Throughoutthe literature itis widely acknowledged that evaluation of IDRis not yet well-established and
still requires development. However, itis generally accepted that evaluation after project completionis
insufficient, and that this should be ongoing during the research process. The literaturerefers to both
qualitative and quantitative approaches, and mentions indicators such as: an appropriate focus for the
research, with clearrationales fordisciplinary input; appropriate collaboration of disciplines; quality of team
interactions; evidence of IDR capacity building; quality of team leadership and research management;
institutional support; and evidence of integrated work.

Interviewees found the question of indicators for evaluating IDR difficult to answer. Their responses often
related to definitions and benefits of interdisciplinarity, as well as the skills, attitudes, and conditions that
enhance interdisciplinary working. These responses suggest that evaluating the process of IDRis equally
importantas evaluating the output from that process.

From a fundingbody perspective itis acknowledged that evaluating IDR proposalsisachallenge, in
particularsince a panel may consist of reviewers from one orjusta few disciplines which could not
adequatelyjudge (large)interdisciplinary projects.

Although endpoint evaluation remains more common, the literatureindicates that evaluation should be part
of the research design, and involve IDR teams from the outset. Focusing on ongoing evaluation by research
teamsthemselves allows forsocial/collective learning and process adjustment.
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1.9 Conclusions and recommendations

To understand and assess IDR at the James Hutton Institute requires clarity about our conceptions of this
approach at institutional, science group, Hutton theme, project, and individual levels. We infer from our
findingsthatthere is not yet sufficient clarity aboutinterdisciplinarity to identify levels of IDR robustly. We
used a working definition in the survey which yielded results that can be used as a baseline, butin absolute
termsthese results can be contested. The Hutton institutional structure already promotes and supports IDR
insome ways (e.g. research themes, interdisciplinary teams), and perhaps more than many otherresearch
organisations. More effortatall levelsis needed to enhance both the Institute values and a working culture
that is conducive to IDR; we provided an extensive list of suggested actions which can be taken forward by
individual staff, research teams, and Institute management.

We recommend thatthe Institute agrees on and commits to an operational definition of interdisciplinarity
that makes sense to staff, customers and stakeholders. This definition should acknowledge broad and
narrow interdisciplinarity, ideally naming exampledisciplinary collaborations that are counted as
interdisciplinary, and agreeing onindicators to measure IDR, evenif these indicators are only second best
(such as cross-disciplinary authorship). We recommend repeating the survey atregularintervals to monitor
trendsininterdisciplinary working.

Conclusions, inthe form of recommendations forthe Institute, were condensed from the DICE team at the
end of the project. These were grouped into four areas:

e thetimerequiredtoplananddo IDR;

e opportunitiesfordiscussion (formal and informal) and sharing experience/ knowledge;

e supportfor IDR fromthe Institute’s management structure and processes, including training; and
e awarenessthatIDR depends onexcellent project design, leadership and management.

Communicationislinked toand importantforall of the fourareas.
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2 Researchobjectives and methods

Thisreport summarises the main findings of the Developing an Interdisciplinary Culture of Excellence (DICE)
project. The projectaimed toimprove our understanding of currentlevels of interdisciplinary research (IDR)
withinthe James Hutton Institute and assess what was required to support aninterdisciplinary culture of
excellence. DICEwas funded through aJames Hutton Institute seedcorn grant between 2012 and 2014.

Our primary aims were to improve our understanding of current levels of interdisciplinary research (IDR)
withinthe, and assess whatisrequired to supportan interdisciplinary culture of excellence.

The specificobjectives of the DICE project were to:
1. synthesize lessonslearned fromleadinginternational institutions, organisations, and initiatives on

interdisciplinarity, from academicliterature, grey literature, experts, and initiatives to promote
interdisciplinary research and synthesis.

2. explore existing understandings, attitudes, and perceived views of practices and challenges relating
to interdisciplinarity, and identify opportunities for greater levels of interdisciplinary working at the
James Hutton Institute.

3. disseminateourfindings within and beyond the Institute.

To achieve these we used both quantitative and qualitative social science methods (semi-structured
interviews, onlinesurvey), and carried out a literature review and a bibliometricanalysis (Table 1).
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Table 1: Objectives and methods used inthe DICE project

Objectives

Methods

1. Synthesize lessons

To synthesize lessons learned from leading
international institutions, organisations and
initiatives on interdisciplinarity, from
academicliterature, grey literature, experts,
and initiatives

Review and synthesis of current theory and
practice on interdisciplinarity relating to
socio-ecological systems

Informal discussions/interviews with experts

2. Explore interdisciplinarity

Explore understandings, attitudes, views of
practices and challenges relating to
interdisciplinarity, bothinternaland
external tothe Institute

Identify opportunities for greater levels of
interdisciplinary working at the Institute
Investigate the demand forinterdisciplinary
research, inaddition tothe supply

Semi-structured interviews with Hutton
Science Group and Theme Leaders, Chief
Executive, and Directors of Science
Semi-structured interviews with
representatives of key external stakeholder
groups (policy, commercial, agency)

Online questionnaire distributed to Institute
research staff

Assess the current level of interdisciplinary
working at the Institute

Explore the interdisciplinary nature of JHI
research outputs

Online questionnaire distributed to Institute
research staff

Bibliometricanalysis of the authorship of
Institute peerreviewed papers publishedin
2008-2012 as an indicator of current
extent/nature of interdisciplinarity within
theinstitute

3. Disseminate findings

Share results with Institute staff internally
to build awareness of andinterestin
interdisciplinarity

Establishaweb basedintranetsite
Facilitated sessions and presentations with
staff on both Institute sites
Regulararticlesinthe staff newsletter
Informal communication

Disseminate findings to external research
and non-research communities to
demonstrate agrowing capacity/profile in
understandingand enabling
interdisciplinary research of socio-ecological
systems

Share best practice and advance thinking
(iefurther develop acommunity of practice)
on carryingout interdisciplinary research of
socio-ecological systems.

Discuss differencese.g.in
understandings/attitudes found in different
groups (scientists, policy makers, research
funders and users)

Peer-reviewed publications, conference
presentations

International workshop

Sharing findings with key Scottish
Government (RESAS) staff

11
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2.1 Dataand materials

The DICE data collection phase started in November 2012. The different strands of data collection partially
overlapped (Table 2). The Hutton chief executive and science directors were interviewed after the science
group and theme leaderinterviews were complete (without sharing thisinformation with the executive
before theirinterviews), and the survey questionnaire was developed inthe light of interview findings
conducted at the end of the data collection phase. . The literature reviewwas ongoing forthe duration of
the project. The bibliometricanalysis of Institute peer reviewed publications between 2008 and 2012 was
carried out between late 2012 and early 2013.

Table 2: Empirical data collected inthe DICE project

Data source Time frame Details

Survey—external Jul 2012 e Pre-DICEsurvey of delegates at the Eurosoil
conferenceinBari, Italy
e 56 responses;responserate could notbe

determined
Bibliometricanalysis Nov 2012-Mar e Sci2Tool usedto produce co-author
2013 networks/ subject area (topical)analysis of

Institute outputs between 2008-2012 based
on Web of Science database

Interviews—internal Mar-May 2013 e AllScience Group (5) and Theme leaders(7)
e Institute Chief Executive and Directors of
Sep-Nov 2013 Science (3); 12 senior managers
Interviews—external Jan-Aug 2013 e 6 interviews with keyinformants from BBSRC,
SNH, SEPA, SG RESASz, SESYNC
Survey of Institute staff Nov 2013 e 81 responses, of which 76 complete (response
rate 20%)

The results of a bibliometricanalysis of Institute peer-reviewed publications between 2008 and 2012, the
analysis of a survey carried outamong non-instituterelated scientists at asoil science conference, and the
suggestions forenhancinginterdisciplinary research at the Institute that we derived from the projectare not
includedinthisreport butare available to Institute staff and senior management fromthe internal project
website (http://dice.hutton.ac.uk/). The suggestions are compiled in table formatidentifying foreach
practical suggestion for supportinginterdisciplinarity:

i) the expected benefits, why should this be done;
ii) the expected costimplications orany drawbacks;

? Scottish Government's Rural and Environment Scienceand Analytical Services Division. RESAS is fundinga portfolio of
Strategic Research from 2011-16 that aims to build a platform of knowledge that strengthens policy and contributes to
the delivery of national outcomes. Two people were interviewed from RESAS as they represent a large proportion of
the Institute’s funding.
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iii) the level at which the suggestion would need to be implemented (individual, team, institute-wide by
senior management); and
iv) the source of the suggestion.

2.2 Literaturereview

The review was undertakentoinformthe DICE analysis of IDR at the James Hutton Institute. We builtonour
summary of material oninterdisciplinary research studied by the Institute’s Interdisciplinary Reading Group
(IRG) during 2011 (Morrisetal., 2012). Forthe DICE review, we focused on literatureconcerningthe
practice rather than theory or definitions of interdisciplinary research, because the latter were predominant
inthe IRG material. Keyareasforfollow upwere (i) how to do interdisciplinary/team based research that
has a sound theoretical basis, and (ii) methods for evaluating interdisciplinary research.

We reviewed literature that (i) aims to help researchers take an integrative approach toresearch, including
teamscience (ii) offersinsightsinto how knowledgeis produced from this approach and (iii) discusses how
the processesand outcomes of interdisciplinary research are evaluated. The review was guided by a
conceptual framework (see Annex5) and based on sources identified from arapid search by all DICE team
members forrelevant material oninterdisciplinarity, defined as mainly literature concerning socio-ecological
research, and team-based working. DICE steering group members also contributed advice and references
for the review. Afterdiscussion of preliminary findings, we agreed to focus on (i) how to integrate
knowledge and ways of thinking across disciplinary boundaries and (ii) how to recognise and confront
differencesinseekingcommon ground. We became aware during the review period that there isa wider
range of relevant material with furtherinsightinto understanding interdisciplinarity in socio-ecological
research. Areassuch as system-based approaches, improvement science, and sustainability science were
not includedinthe review but could usefully be included in any further work.

2.3 Interviews with key informants

Between March and November 2013, semi-structured interviews were carried out with 12 senior Hutton
managers (seven Theme Leaders, five Science Group Leaders), the Chief Executive and the two Directors of
Science, and six carefully selected external stakeholders with policy, operationaland commercial
backgrounds. They provided rich insights into experiences with and understandings of interdisciplinarity.
They were also a source for many suggestions that could be taken forward to enhance IDR.

Interviews with the 12 senior managers were conducted between March and May 2013; the three
interviews with the Executive were conducted between Septemberand November 2013; and the six
stakeholderinterviews were conducted between January and August 2013.

Allinterviews werebased around broad themes including advantages and disadvantages of interdisciplinary
research; supportive conditions to interdisciplinary working; definitions and understandings of
interdisciplinarity; and whatindicators could be used to tell wheninterdisciplinary research is happening,
and to assess its quality.

In addition, external interviewees were asked fortheirviews on and attitudes to current James Hutton
Institute ways of doing research. These interviews were intended to give the DICE team a flavour of
stakeholders’ opinions, ratherthan to explicitly coverthe views of all stakeholders. We wanted to explore
the demand forinterdisciplinary research, in addition to the supply.

13



Exploring interdisciplinarity at the James Hutton Institute, March 2015

2.4 Survey of James Hutton Institute staff

The survey of James Hutton Institute staff was carried outin November 2013, and aimed to capture (i) staff
members’ understandings of whatinterdisciplinary research (IDR) is, (ii) to what extent they were involved in
interdisciplinary research at thattime, (iii) views on whenitis useful, (iv)what barriers and challenges are
associated withinterdisciplinary (ID) working, and (v) what skills and supportive conditions are needed to
workin an interdisciplinary way.

In additionto demographicand general questions, the surveyincluded aquestion on attitudesto IDR(Q 7,
Annex 1), which provided statements for respondents to express levels of (dis)agreement with. Some of
these statements built on findings from interviews with senior managers at the Institute and elsewhere,
gathered through qualitative, face-to-face interviews. While the surveywas predominantly quantitative,
respondents were ableto provide qualitative ‘free text comments atthe end of the questionnaire. Some
comments received enrich and explain some of the quantitative evidence, and are reported throughout this
report,and summarisedinsection 10.4.

Data collection

The survey was designed by members of the DICEteam and a questionnaireimplemented in LimeSurvey, an
online surveytool. Two presentation and information sessions (onein Dundee, one in Aberdeen) were held
to raise awareness of the research carried out to date and our emerging findings, as wellas to launch the
survey. The survey was also promotedvia the Institute newsletter, and Science Group leaders were asked to
forward an email to all staff inviting them to take part. The survey was openfor4 weeksin November 2013.
The full questionnaire isin Annex 1.

Data analysis

Data were analysed using Microsoft Excel 2011 and R 3.0.1. Descriptive statistics have beenincludedinthe
analysisas well as Fisher’s exact tests to study association between variables. The statistical significance
level was setat0.05. Due to low response frequencies, and for ease of interpretation, for each of the 19
itemsin Question 7we have merged the categories ‘Strongly agree/ Agree’ and ‘Strongly disagree/
Disagree’. The middle category of ‘Neitheragree nor disagree’ (NAND) remains unchanged. Some 40% of
respondents made free text commentsinthe commentbox atthe end of the questionnaire. These
qualitative comments were grouped according to topics and summarised. Some direct quotes are used
throughoutthisreportto furtherill inate selected quantitative evidence. Details of our methodology for
analysing broad and narrow interdisciplinarity isin Annex 3.

Limitations

The evidence that this survey generated represents asnapshotintime. The low responserate and the
unbalanced share of respondents per group mean that survey results should not be treated as
representative of Institute staff orits IDRwork. There may have been a bias due to self-selection of
respondents, iethe sample includes those peoplewho feel more strongly (positively or negatively) about
interdisciplinary research and wanted to express their opinion. In addition, scientists move onintheirwork,
make new connections, orchange the focus of their work. The fluid nature of research makes itdifficultto
draw conclusions aboutlevels of interdisciplinary research among staff orin the Institute. Figuresin this
reportcan only give estimates. If such surveys are repeated overtime, we may be able to make statements
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abouttrends more confidently. Efforttoincrease the response rate would increase the representativeness
and confidence with which statements can be made.

The three main concerns expressed by survey respondents and our mitigation actionsin those respects:

e Possible bias towards IDR (favouring IDR): We acknowledge that this might have beenthe case in
the questionnaire statements but ass e that its effect on participants’ responses was minor, given
that in presentations to staff and other communication the DICE team emphasised that different
ways of undertaking research are valid and appropriate for different research questions.

e Lack of anonymity of respondents: The survey analyses did notinclude identifying respondents, and
raw data were notaccessible toanyone outside the DICE team. The way results are reported ensures
anonymity of survey participants.

e Terms such as interdisciplinary, transdisciplinary and multidisciplinary are used interchangeably
and without definition: One objective of the survey was to gather evidence about how respondents
understand interdisciplinarity. The statements referred to interdisciplinarity except where
involvement of non-academics was concerned. Thisreport on the survey results doc ents the DICE
team’s understanding of the various termsinreference to Tress et al. (2004) (see annex 2) and
comparesresponses to this definition.
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3 Why practice interdisciplinary research?

Interdisciplinary researchis often associated with complexity of the problems to be investigated. Such
problems ofteninvolve uncertaintiesin scientificknowledge; h an activities and interactions; and the
political, economicand cultural dimensions of knowledge affecting research and itsimpact. Socio-ecological
systems are complexinthese respects, therefore itis notsurprisingthatinterdisciplinary approaches are
often called forinthis area of research.

3.1 Literature review results
Aboelelaetal. (2007) argue that interestininterdisciplinary research stems from:
e advancementof science knowledge inawide range of disciplines and the need tolinkthese to fully
answer critical questions/facilitate application in aspecificarea.
e science community interestin developing new knowledge viaresearch combining skills/perspectives
of multipledisciplines.
e increasinginterestin holistic perspectives, and high statusinterdisciplines (eg biochemistry, social
psychology, informatics) .

Nissani (1997:201) lists 10 reasons why interdisciplinary researchisimportant:

1. ‘Creativity oftenrequiresinterdisciplinary knowledge.
Immigrants often make important contributions to their new field.
Disciplinarians often commit errors which can be best detected by people familiar with two or
more disciplines.
Some worthwhiletopics of research fall inthe interstices amongthe traditional disciplines.
Many intellectual, social, and practical problems require interdisciplinary approaches.
Interdisciplinary knowledge and research serve to remind us of the unity-of-knowledge ideal.
Interdisciplinarians enjoy greater flexibility in their research.

® N o v os

More so than narrow disdplinarians, interdisciplinarians often treat themselves to the

intellectual equivalent of travelingin new lands.

9. Interdisciplinarians may help breach communication gaps in the modern academy, thereby
helping to mobilize its enormous intellectual resources in the cause of greater sodal rationality
and justice.

10. By bridging fragmented disciplines, interdisciplinarians might play a role in the defense of

academicfreedom.’

3.2 Interview results

An interdisciplinary approach was viewed as having many advantages or benefits by senior managers.
Primarily it wasviewed as beingimportantinanswering ‘big questions’, forexampleabout the environment
and society. Such an approach is able to tackle more complex problems. The approach was viewed as more
inclusionary; it wastes less effort than single projects; and lets a problem be better understood froma
number of perspectives, which, along the process of jointly defining the research could question the validity
and assumptions of other disciplines; it enriches understandings and enables researchers to see gaps that
might not otherwise be seen. It might help researchers see more effectively how theirresearchfitsinto the
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wider picture and make theirresearch seem more valid. Despite disadvantages relating to publishing, some
interviewees feltthat there was more potential to publishininterdisciplinary journals, and that such journals
may have more impact or widerreadership. [t was also suggested that although interdisciplinary projects
might cost more, they may be more cost effective; and there was a perception that despite higher costs,
mostfunders were encouraginginterdisciplinary research. Aninterdisciplinary approach was also seen tofit
well with the ethos of the James Hutton Institute —the predominant research questions that we seek to
answer are of a complex, bigger picture nature that requires aninterdisciplinary approach.

The Hutton Executive recognised aneed forinterdisciplinary research fortwo reasons. Firstly, to address real
world problems, and they maintained that thisis “a strong signature of the work we do” e.g. water,
biodiversity. Secondly, there is a strategicreason because interdisciplinarity is seento be requiredin orderto
keepthe Institute competitive and to attract funding (all three Executiveinterviewees identified this as an
importantcriterion forfunders). In addition, they want to promote excellenceand make a name forthe
Institute, as well as promote policy-driven science. Generally, interdisciplinary research was seen as the
directionthatscience is now taking, and thisis linked to making greaterimpact.

External interviewees saw thatan interdisciplinary approach was required for any research undertakenin
theirorganisation. Most of them also stressed the relationships and cooperation that are necessary to build
and maintain with stakeholders, users, or the people affected by evidence-based policy and often referred to
this as ‘transdisciplinarity’. Forexample, “it's anecessary part of our work and we simply can’tignore ... we
can’t afford not to be interdisciplinary. Most of what we do will notwork unless we are.”

External interviewees reflected on their own organisational structure, and to what extent they have moved
towardsinterdisciplinarity, butacknowledge that despite the attemptto break down the disciplinary
structure (ecology, chemistry, hydrology)they haven’t succeeded. They feltthat thisis because of need for
the basic core work to be delivered also. In one case, the organisation’s “whole ethos now is towards that
kind of...interdisciplinarityso that we can sortall these sorts of problems”, and thisis based on the
recognition of the complexity of harms to the environment.

A holisticand solution-focussed approachis alsorequired to meetacommercial company’s demands.
“People from companies they come with aproblem, now they're notinterested if the solutionis chemistry,
orifits agronomy, orif its ecological sciences, they couldn’t care less! (...) they don’teventalkindisciplines,
they’re justtalkingin solutions and quite often the solutions sort of fall across the boundaries of sort of
traditional academicdisciplines. Butfromtheirpoint of view it doesn’t matter, they just want to know who
can helpthemgive the rightanswer.” Similarly, policy makers do not wantto get a research response froma
natural science institute or perspectiveand another one from an economicscience perspective. They need a
complete picture on which they can base policy or practice.

External interviewees raised several points about the benefits of interdisciplinary research:

¢ Solving complex, wicked and/ or real world problems (as opposed to problemsinthe academic
world). Interdisciplinarity is necessary to solve wicked problems, ie “complex problems that probably
don’thave a simple solution (...) Orthat may not have a solution, there may be arange of solutions.”

o “todeliverbenefitand most benefit comesfrom understandingand addressing complex problems.’

17



Exploring interdisciplinarity at the James Hutton Institute, March 2015

e Making achange. “I justfeltthat withoutjoining up youwould neveractually getany effective
change, you’d understand yourlittle bit very well but you wouldn’t make any difference to society.”

e Creative application of tools and transfer of methods. Beingable “to creatively and appropriately
use the vast range of toolsand methods that are available forresearch”, and “there are advantages
interms of transfer of methods and methods of enquiry as well, thinking about you know how they
do research and how societyisinfluencing the way they do research.”

o Efficiencyand resilience. “Notonly doesithelp youto be more efficientin resolvingthe issueat
hand, but itcreatesa sortof resilience in the organisation because you are passing that...you’re
sharing that knowledge between lots of other people otherwise we have foundin the pastthat the
knowledge isonly...possessed by one ortwo people.”

e Combining perspectives and skills. “It brings a range of perspectives, arange of skillsand
experience, arange of different training which effectively puts more ideasinto solving the problem.”

o “to further the understanding of the environment and environmental issues (...) [and]
understanding sustainability.”

Interdisciplinarity isalso seen as anecessity because “inalarge number of conservation-based science areas
| think you’re working at your peril these days if you don’t think about how you use stakeholdersinthe
process (...) involvingall partiesin the process.” Stakeholders are also referred to as users and consumers.
Anotherintervieweeagreed and said that “transdisciplinarityis something that as an organisation like ours-
we regulate people and we’ve got ... so we ought to have ... we have pretty good relationships with some
stakeholders, businesses and soon.”

Interviewees from the policy domain “always need interdisciplinary work because it doesn’t matter how
small the detailed scientificworkis, if it's going toimpact on society it will require achange in policy (...)
we’re alwaysinterested in policy focused research and that has to have social and economicdimensions as
well as natural science and all the disciplines.”

3.3 Staff survey results

Five statementsfromthe survey have been grouped to reflect attitudes to interdisciplinary research and
respondents’ perceptions of what kind of problems is usefully addressed using ID approaches. The
statements (4, 7, 10, 13, 19) have only beenshortened slightly. Full statements can be found in Annex 1,
Question 7.

These statements asked for extents of (dis)agreement about the depth of IDR, its validity and value, the
character of IDR outputs,

Of the responsesforeach of the questions, 59.2% disagreed with the fact that ID has less depth, 44.7%
believed thatitincreasesthe validity of results, and 81.6% think thatit has the potential to produce more
multifaceted and diverse outputs. This shows recognition of the merits of ID research.

The majority of respondents (72.4%) agreed that any complex problem facing society today requires
interdisciplinary research; therewas less agreement about whether or not such an approach isalso
necessary forless complex environmental problems. 46.1% of respondents disagreed or disagreed strongly
with the latter, whichindicates that even forless complex problems, most respondents agreed that
interdisciplinarity is needed.

18



Exploring interdisciplinarity at the James Hutton Institute, March 2015

M strongly agree/agree M NAND W strongly disagree/disagree

80
70
60
50
Count 40
30
20
10

ID research Through ID  ID research has Any complex ID research is
usually hasless research, we the potential to problem facing not necessary to
scientific depth can increase the produce more societytoday  address less

validity of multifaceted requires ID complex
results and diverse research environmental
outputs than problems
disciplinary
research

Figure 1: Responses to statements reflecting attitudes to interdisciplinary research and the type of
problemsit can address (n=76)
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4 What isinterdisciplinary research?

4.1 Literature review results
Material studied by the Institute’s Interdisciplinary Reading Group (IRG) (Morris et al., 2012) indicated that
thereisno widely agreed definition of interdisciplinary research, and that the termis sometimes used
synonymously with either ‘transdisciplinary’ or ‘multi-disciplinary research. Repko (2012:22-25) surveyed
current uses of the terminterdisciplinarity and notes thatitis used to describe work that:

e integrates knowledgeand ways of thinking across disciplinary boundaries;

e recognizesand confronts differencesin seekingcommon ground;

e resultsfroma process used to study complex problems;and

e produces knowledge differently from disciplinary-based research.

There are differentapproachestoidentifying IDR, although a core dimension is the integration of different
disciplinary theory and methodinresearch design and processes. Integrative research, as defined by Winder
(2003), coversbothinterdisciplinary and transdisciplinary research projects. Klein (2008:119) distinguishes
inter- and transdisciplinarity in several ways, but notes that ‘integrationis widely considered the crux of
interdisciplinarity’ andis also seen as the ‘critical point’ in evaluating transdisciplinary work.

The literature reviewed suggests that understandings of IDR range widely, from team working on research
conceived and carried out using a single discipline, to research that aims to develop ‘anew discoursethat
critically combines key elements of several disciplinary discourses yet accords with the investigator’'s own
sense of self’ (Haynes, 2002). So longas there is no agreed conception of interdisciplinary research, and no
common terminology, a potentialway forward may be to devise indicators that reflect the key components
of IDR identified in the literature.

For example, the congruence around the idea of IDR as integrative research suggests interdisciplinarity can
usefully be indicated along a spectrum of research approaches that differ by the extent of integration of
disciplinary theory and method in designingand carrying out the research. Extent of integration may also be
indicated by the institutional and conceptual distance between disciplinesinvolvedinthe research, i.e.
whetherdisciplines from across broad academicdomains are included, and how farthe research brings
togetherdisciplines with very different epistemological and methodological approaches.

Lyall et al. (2011) distinguish two approaches to interdisciplinary research that may help indicate IDRon such
a spectrum by including the extents of academic-orientation and problem-focus of the research purpose.
Both approachesaimto advance knowledge by integratinginsights and methods from different disciplines;
howeverthe formerisassociated with discipline-based research to advance knowledge, through addressing
collaboratively academicproblems that cannot be solved by one discipline’s methods alone. The latteris
lessrelianton advancing academicknowledge andis associated with the aimto bring togetherresearchers
with relevantdisciplinary backgroundsto address contemporary issues that straddle disciplinary boundaries
(2011:15-18).

Newing (2010) discussesinterdisciplinarity in the context of training people in environmental conservation,
with a focus on ‘broad interdisciplinarity (inthis case, natural/social science). Her paperreviews how
interdisciplinarity has been defined in the literature and sets out key approaches to a definition:
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1. Withina hierarchy of integration: conceiving of aspectrum with lessintegration associated with
research involving parallel use of methods from different disciplines, bringing their own perspectives
to bearon a research question; and more integration associated with blending of disciplinary theory
and method to construct a common framework fordisciplinary efforts, and the inclusion of non-
academicsinthe research team.

2. Bytype of interaction; from temporary collaboration on aspecific problem; temporary/permanent
adoption of a specific method/concept from one disciplineto another; progressive convergence of
both subject/method of the different disciplines involved; to the emergence of anew interdiscipline.

3. By the extentof conceptual and institutional distance between disciplines, ie from broad
(natural/social science)to narrow (natural/natural science).

4. By the purpose of the interdisciplinary approach, distinguishing between conceptual (knowledge
synthesis) and instrumental (addressing cross-cutting problems).

Derrick et al. (2011) identify interdisciplinary research as ‘synthesis of data, concepts, and methods to
extendthe scale, scope, and range of an explanation’. Butthey also stress that this approachis not only
aboutcollaboration; this approach toresearchis ‘innovative, creative, and potentially transformative’
(2011:36).

Barker (2007:6) notes that Nicolescu (1997°) sees interdisciplinarity as being fundamentally about
transferring methods from one discipline to another. He distinguishes between:

o Application: eg methods of nuclear physics transferred to medicineto develop new treatments for
cancer.

o Epistemology: egtransferring methods of formal logicto general law to analyse epistemology of
law.

e Newdisciplines: egthe creation of chaos theory through transferring mathematical methods to
physics, resultingin mathematical physics thatis applied to meteorological phenomena or stock
market processes.

Haynes (2002: xiv) argues thatinterdisciplinary studies are based on a conception of truth that is ‘situated,
perspectival, and discursive’, and isinformed by (and informs) the investigator’s own sense of ‘self-
authorship’. Thisis not to say thatinterdisciplinarity entails acceptance of arelativist position, in which all
knowledge claims are always equal; itass es ratherthat disciplines and their practitioners, activities, and
concepts are already ‘socially constituted’. Aninterdisciplinary investigator attempts to developanew
discourse that critically combines key elements of several disciplinary discourses yet accords with the
investigator’s own sense of self.

* Nicol escu, B. (1997) The Transdisciplinary Evolution of the University Condition for Sustainable Development, Talk at
the International Congress " Universities' Responsabilities to Society ", International Association of Universities,
Chulalongkorn University, Bangkok, Thailand, November 12-14, 1997, http://ciret-
transdisciplinarity.org/bulletin/b12c8.php
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4.2 Interview results

Amongsenior managers, there was ageneral understanding of interdisciplinarity referring to working across
disciplines towards acommon goal and usually toanswera ‘bigger picture question’, however for many
interviewees that meantworking between social and natural sciences, forsome it may have been
multidisciplinarity and for others transdisciplinarity. Despite starting the interviews with adiscussion about
definitions of interdisciplinarity, interviewees tended to revert back to the term they were most familiar with
and whatit meantduringthe restof the interview. In some cases, there were slight differences in definitions
used by Dundee and Aberdeen based leaders. There appearto be quite different definitions between the
group and theme leaders, and there is alack of consensus about whatthey mean by IDR and evento tell
how it is happening. This suggests thatif itis a concept the James Hutton Institute wants to promote, there
needsto be greaterconsensus aboutwhatit actuallyis. Itis also possible that junior staff may be less sure of
whatitis. A few of the leaders discussed interdisciplinarity as being transdisciplinarity which raises the
guestion of whetherthe Institute might actually be aiming fortransdisciplinarity. Thisisimportant because
encouraging transdisciplinarity means aiming forinteractions and connections to non-academics as well as
with otherdisciplines.

The Institute Executive understood interdisciplinarity similarly to some of the senior managers as “literally
aboutworking between disciplines, drawing the skills, knowledge from different disciplines to achieve a
specific objective that cannot be achieved without...on its own with those disciplines”, and a blend between
social, economicand environmental perspectives. However, theirthinking moved beyond that of the senior
managersinterms of “working within the boundaries of science” (i.e. making the distinction between
interdisciplinarity and transdisciplinarity). One interviewee also suggested thatit was a more integrated
approach, framing questions fromthe start, and generally involving broad questions that require adiverse
disciplinaryinput. Disciplines stillneed to be acknowledged: “a truly interdisciplinary projectis based around
disciplinary groups working togetherto frame a question.” There was also an implicit assumption that
interdisciplinary researchisamore innovative approach which could “create new ways of thinking”.

There was a recognition amongthe Executivethat “What we need is a discourse if not a definition”, with the
suggestion that “the principles are moreimportantthan the definition.” The main concern was that staff
needtounderstandthatinterdisciplinary workingis different to disciplinary work, and thatit would be
problematicif staff thoughtthey were workinginterdisciplinarily when indeed they are not.

Among external stakeholders, there was a range of understandings. One interviewee compared
transdisciplinarity with adaptive management processes, another described interdisciplinarity as “a form of
consolidation of the scientific community” while yet another said “We kind of loosely are calling that public
engagement, and we’ve got a quite big push on for the kind of citizen science and public engagement side of
things because we feel it's potentially transformational in hooking to that.” Interdisciplinarity has almost
become a ‘catch all’ phrase: “at some level it’s all interdisciplinary at the moment so | see it as a spectrum
that goes from really quite simple things that you need to be able to come to grips with to whole full blown
approaches to large scale problems.” It should be noted that the same interviewee clarified that he
“wouldn’t describe it necessarily in terms of a structure put together to address a particular goal [but] |
wouldseeitas an environmentin which people work.”
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When discussing interdisciplinary research, extemal interviewees referred to collaborative research, drawing
on networks; knowledge exchange between researchers ‘right from the beginning’; and jointly ‘shaping the
research goal’. This shows how closely their perception of interdisciplinary research is linked to
communication and cooperation. One interviewee compared interdisciplinarity to “project benchmarking”
and shifting resources. He referred to an example authority from the Netherlands, and was admiring that
“80% of their resources are actually on problem solving projects (...). Only about 20% of evidence gathering
and they've analysed their achievements in that, and they reckon that they've improved hugely their rate of
achievement in their business goals.” This is a curious link because both James Hutton Institute leaders and
the literature recognisethat there are higher costs associated with interdisciplinary research.

An interesting distinction was made by one interviewee. He believes that transdisciplinary research does not
need to be interdisciplinary because “Quite often [in] ecology alone you’re doing that because you may be
looking forinformation from farmers, orlandowners or crofters, as to how they manage the land.”

Examples provided by interviewees for disciplinary combinations that would be classed asinterdisciplinary
workinginclude:

e biochemistry and biochemical engineering;

e theinterface betweenscience and engineering;

e plantscientists and animal scientists;

e ecologyandchemistry, including the operational staff, along with stakeholders, businesses,
polluters, the public.

4.3 Staff survey results

More than half of the survey respondents (59%) agreed with Tress et al.’s (2004) definition of
interdisciplinarity (Annex 2), i.e. theirunderstanding of interdisciplinary researchis closest to “research that
integrates different disciplines, working towards ajointly set goal”. 21% understand interdisciplinary
research to include non-academicparticipants, which Tress et al. label as transdisciplinarity. For 16% of
respondents, researchisinterdisciplinary if different disciplines work towards anumber of goalsunderone
thematicumbrella, which Tress et al. classify as multi-disciplinarity. No association was found between how
respondents understood interdisciplinarity and which science group they belongto. See Figure 2below.
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Figure 2: Which of the following statements comes closest to your understanding of interdisciplinary
research? (n=76)

There was no difference between maleand female respondents; both mainly selected Tress et al.’s
interdisciplinary definition as coming closest to theirown understanding of IDR (50% of the men and 68.6%
of the women). Using Fisher’s exact test (p-value=0.25), an association between the two variables could not
be established.

We found similar patterns for respondents who have always worked in academia, and those who have not
always workedinacademia(Table 3). When analysing the relationship between always workingin academia
and working oninterdisciplinary projects, no association could be established (p=0.3, Fisher’s exact test).

Table 3: Understanding of interdisciplinary research according to academia experience (n=76)

Interdisciplinary Transdisciplinary Multidisciplinary Blank
Alwaysin 22 (66.7%) 5 (15.2%) 4 (12.1%) 2 (6.1%)
academia
Notalwaysin 23 (53.5%) 11 (25.6%) 8 (18.6%) 1(2.3%)
academia

Of the 19 statementsin the Likert scale recording attitudes towards, challenges of, and supportive
conditions forinterdisciplinary research, two statements (2and 9) have been grouped to understand
respondents’ understanding of interdisciplinarity. 63.2% of respondents disagreed or strongly disagreed with
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the statementthat multi- and inter-disciplinaritymean the same thing. Surprisingly, only 3of the 12
respondents who identified interdisciplinarity with Tress” definition of multidisciplinarity strongly agreed or
agreed with this statement. Opinions were less extreme about the need to the involve non-academics for
research to be transdisciplinary; with 44.7% of the respondents agreeing or strongly agreeing and 30.3% of
the respondents disagreeing or strongly disagreeing (see Figure 3foractual counts). This statement does not
fully map onto the definition given fortransdisciplinarity in Tress et al., since it stresses non-academic
involvementin the research from the beginning.
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Figure 3: Agreementwith two statements on the definition of interdisciplinarity (n=76)

We found evidence of an association (p=0.001) between how people defined IDRand whetherthey agreed
with the statement “Non-academics need to be involved from the beginning to make research
transdisciplinary”.

Although the majority of respondents agreed with acommon definition of interdisciplinarity, there was a
large proportion with different understandings of what might be labelled as interdisciplinary research. This
diversityin understanding was also apparentin the literature, as well asin ourinterviews with senior staff
and external stakeholders.
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5 How do we recognise interdisciplinary research?

The following section summarises the research results from a particular perspective, trying to pin down how
we could tell that interdisciplinary research is happening. Interviewees found the question of indicators for
evaluatinginterdisciplinary research difficult to answer. Theiranswers often related to definitions and
benefits of interdisciplinarity, as well as the skills, attitudes and conditions that enhance interdisciplinary
working. The close links between these themesis not surprising since, forexample, a condition that
enhances interdisciplinarity can at the same time be an indicatorforits occurrence or evaluation, and how
interdisciplinarity is understood will determine what would be considered in measuringits attributes.

Several survey respondents made free text comments on theirunderstanding of interdisciplinarity. These
commentsillustrate the diversity of definitions of interdisciplinarity. Comments such as “all research to some
extentisinterdisciplinary in nature”; “collaboration between sub-disciplines may reasonably be labelled as
beinginterdisciplinary”; and “the distinction between disciplinary and ID research is a false dichotomy”
illustrate thata more nuanced definitionis necessary for understanding the nature and level of
interdisciplinarity at the Institute. One respondent said that “having stakeholdersinvolved in the
interdisciplinary researchis also useful (...) they willbe able to provide a useful, unique insight”. This
respondentreferred tointerdisciplinary research asincluding non-academicstakeholders, ratherthan using

the term transdisciplinary research.

In general, external interviewees were positive about the extent of interdisciplinary work at the Institute,
albeit without having any hard and fast evidence. One interviewee said about the Institute “I’ve always
considered it [interdisciplinary research] to be one of your great strengths, | guess you’ll go onto move even
furtherthat way” and that it ‘compares favourably’ with similar research institutes. Others, however, are
unable to judge whetherthere should be more interdisciplinary research: “I honestly don’tknow if thereis
enough”and “l can’t really comment on whetheryou should be even more that way.”

5.1 Indicators of interdisciplinarity

Interviews with external interviewees did not reveal much information on what kind of indicators they
consideruseful to show evidence of orto measure interdisciplinarity. They considered interdisciplinary
research to have “both scientificand user benefit” and “providing solutions to actual problems ratherthan
parts of them.” From a funding body perspective itis acknowledged that evaluating interdisciplinary
research proposalsis a challenge: “How do you convince asingle disciplineref panel.” Ingeneral terms, the
biggerthe problem and the project “the more likely we’re(going) to needinput from avariety of different
disciplines.”

Some intervieweesfound it easierto describe whatthey would not label asinterdisciplinary. Forexample, if
“the only thingthat links them [different disciplines and work packages] isacommon goal to solve the
project or even worse to getthe money ...doesn’treally consistto me of an interdisciplinary working
environment.” Whatis not interdisciplinary is when some disciplines are “not the main part of the project
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butit’swhenyou’re halfway through the project...’oh it would be really useful if we could do this’ and they
sort of get added on at a late date, ratherthan beingintegrated from the projectatthe beginning.”

The co-authorship of scientific publicationsis seen as a useful indicator by some, in particular when defining
‘different’ disciplines as ‘natural science’ and ‘social science’. There was some concern thatif that proportion
of the Institute’s output decreases itindicates areduced level of interdisciplinarity. “[Last year] the
proportion has actually gone down ... now you know you asked me what (...) our aspiration was | suppose
and | can’t reallyanswer. Imean| don’tknow whetherlexpectittobe 10%, 30%, 50% ... and we certainly
haven’tseta target because | thinkthat would be inappropriate.” This interviewee reported that 6% of all of
the approximately 700 peerreviewed Hutton articles published in 2012 were co-authored by scientists from
at least 2 differentdisciplines.

All three Executiveinterviewees agreed that there was no such thingas a perfectindicatorto tell if
interdisciplinary research was happening. Potential indicators mentioned:

e How manydisciplinesthere were onaprojectreport, academicarticle or otheroutput.

e Attendance atseminars of researchers from different disciplinary backgrounds.

e logicframe—maybe specificindicators which would indicate whether the big question was likelyto
be successfully answered.

e Numberofinterdisciplinary/multidisciplinary PhDs and project proposals.

e Amountoftime spentdiscussing research problems/ideas.

e Timespentworkinginanotherdisciplinary area.

They also noted that something was betterthan nothing, although recognised that there was potential for
non-perfectindicators to be subjectto manipulation.

5.2 Broad and narrow interdisciplinarity

Two of the Executivesinterviewed discussed the idea of a spectrum of disciplinarity, where clusters of
disciplines would be represented as ‘domains’ e.g. natural sciences, medical sciences, and social sciences.
Althoughinterdisciplinarity is about working between disciplines, all Executiveinterviewees suggested that
they would like staff to work more between domains and that this way of working needed to be promoted.
“It’s just covering a bigger distance in terms of the distance that people have to travel in terms of their
thinking and flexibility. | suppose you could...give thatas a badge of honour, the more discipline distance you
can travel...go across, the more interdisciplinary that’s one way of looking at it | think. But it really depends
on whether it’s answering the question thatyou actually want to answer.”

In addition to asking staff directly about the extent of theirinvolvementininterdisciplinary research, we
asked themto identify disciplinesinvolvedin arecentinterdisciplinary project that they had beeninvolved
in. The survey also collected information on the disciplinary background, academic qualifications and current
areas of expertise of respondents. Responses were analysed according to how ‘different’ the disciplines are,
yieldinginsightsinto broad and narrow types of interdisciplinarity (see Annex 4for our methodology). The
distinction of broad and narrow interdisciplinarity has been made previously (e.g. Klein 2008), however the
categorisation used may be contested. One respondent, forexample, was not able to identify the disciplines
involved because they wereseen as “undefinable, because it's inter- not multidisciplinary”.
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When the disciplinesinvolvedin aproject spanned the natural and social sciences we classified thisas a
broad interdisciplinary project.* The majority (60%, n=60) of projects identified complied with this
definition. However, we argue that this definitionis too limited. Additionaldomains orindividual disciplines
were statedin the surveyresponses, illustrating that a definition of interdisciplinarity needs to considera
widersuite of disciplines and not be confined to cross-disciplinary cooperation between social and natural
scientists. Examples from the surveyincluded philosophy, archaeology, occupational therapy, and health. If
we considera projectinvolvinginformation and computational sciences and/or natural/social science to also
fall withinthe category of broad interdisciplinarity, the percentage of broad interdisciplinary projects stated
by respondentsincreasesto 78.3% (n=60). Table 4 provides some examples of disciplines and their
categorisation accordingto broad and narrow interdisciplinarity.

Table 4: Example disciplines from the survey and suggested classification

Narrow interdisciplinarity Broad interdisciplinarity
e Chemistry - biology e Economics —electrical engineering
e  Molecular microbiology - plant pathology e  Agricultural sciences —environmental
e Environmental psychology-social psychology sociology
e Sociology—anthropology e Han geography — physical geography
e Engineering — biology e Agronomy - genetics
e Biochemistry—plantpathology e  Statistics —plantpathology
e Environmental psychology—environmental e Biology—bioinformatics
economics
e Hydrology— soil science
e Economics - sociology

We can apply a similar classification to ascientist’s background and expertise. If the individual has degrees or
expertisein e.g. natural and/orsocial sciences and information and computational sciences, we can classify
them as havinga broad interdisciplinary background and expertise. Only 21.7% (n=60) of respondents have
qualifications and expertisethatfall into the category of broad interdisciplinarity.

We alsoinvestigated the change inindividual’s careers by comparing their disciplinary background with the
interdisciplinary project they mentioned (Table 5):

- Of 60 responses (where peopleanswered both the question on theirdisciplinary background and the
questiononarecentinterdisciplinary project), 35 had trainingand/or expertise that we classified as
narrow interdisciplinarity, and who then gave an example of arecent ID project which we classified
as broad ID.

- Atotal of 24 responsesshowed no change as to the type of ID between training/ expertise and the
recent project. Half (12) had broad ID training/ expertise and gave an example of arecentID project
which we classified as broad ID.

- Onlyonerespondentreported training/ expertise in subjects that we classified as broad ID and then
gave an example of arecent D project which we classified as narrow ID.

* Note that number and diversity of disciplines involvedina projectis animportantmetric but does not mean thatit
was interdisciplinary.
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Table 5: Tracing individuals’ interdisciplinary ‘career’: from qualifications to current projects (n=60)

Number of | Percentage
Response responses
Had narrowtraining butmost recently worked ina broad ID project 35 58.3%
No change (12 remained broad, 12 remained narrow) 24 40.0%
Had broadtraining but most recently worked ina narrow ID project 1 1.7%
Total | 60 100%

Essentially, we can say that most respondents came to the Institute with disciplinary trainingand expertise
in multiple disciplines that we categorised as a narrow interdisciplinary background. A majority then moved
on to workininterdisciplinary projects, most of which can be classified as examples of broad
interdisciplinarity. This analysisis limited by the fact that respondents named just one self-selected example
of arecentinterdisciplinary project, which cannot be taken to representall interdisciplinary projects they
have worked on.

Furtherideas were to use case studies orstudy social interactions, althoughitis unclear what would then
indicate the level of interdisciplinarity. It was also discussed thatindicators do not necessarily need to be
guantitative, qualitative can also be useful. There was scepticism of the usefulness of using “social scientist
on a project” as an indicator.

For indicators to be truly useful at the Institute level, they need to be able to show how principles that
highlight we are moving towards interdisciplinarity are working.

5.3 Recognising interdisciplinarity
Taking the essence of respondents views on indicators, interdisciplinary research can be recognised by:

e thediverse mix of disciplinesinvolved which leads to different perspectives being considered and
integrated

e asharedunderstanding of the problem andjointly determined research questions

e research questionsaddressing complexand ‘real world’ problems

o effortinvestedinto developingacommon language

e on-going, preferably personal, two-way communication

e trust and good workingrelationships

e atendencyfortasksto take slightly longerthan anticipated

e adiverse range of outputs (single discipline and interdisciplinary academic papers, synthesis papers,
non-academicoutputs and events), with number and background of authors playingaminorrole as an
indicator

e beingfundedbyaninterdisciplinary research programme

e greateradvancesinknowledge but possibly with less depth

In conclusion, itis difficult to measure how much interdisciplinary work happens and to assess the current
level of interdisciplinarity at the James Hutton Institute. When asked to judge the share of interdisciplinary
research, interviewees commonly judged by the proportion of people inagroup or theme whowere
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workingon at least one interdisciplinary project. This ranged from 50% - 100%. The lower proportions were

given byleaders based atthe Dundee site. It was felt that people could be encouraged to be more
interdisciplinary, but that the vast majority of people working here already were involved in IDR and that
research staff who came to work here did so because of the interdisciplinary nature of the Institute.

Several metricsthat could be used to measure this but caution needs to be taken with overlap and fuzzy
boundaries:

e By stafftime (whatshare of theirtime do people spend working oninterdisciplinary projectsorinan
interdisciplinary way),

e By numberof staff (ina Science Group or affiliated with a Hutton Theme) that worked on
interdisciplinary projectsinthe past or are currently working on such projects,

e By project(requiresthe classification of projects as disciplinary orinterdisciplinary. Note that there
are projects at differentlevels: someone’s task could be a projectinits own right, which feeds into
another project),

e By funding (how muchfundingistiedtointerdisciplinary projects).
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6 How can we do interdisciplinary research better?

Thereisa plethoraofideasabouthowto putIDR into practice; we organised the material reviewed by level
of focus, ie on whetherit was on individual researchers (micro), teams (meso), research institutes and
universities (research providers), orresearch funders and end users (macro). Because of these varying
perspectives, itis hard to draw broad conclusions abouthow to do IDR better. What is easieristo identify
the conditions that supportIDR at each level, and these are discussedin section 7.

Much of the literature emphasises individual personality traits as equally important for IDR as disciplinary
expertise, highlighting open-mindedness, tolerance of difference, and ability to workina team as essential,
with leaders of IDRteams needing a broad range of skills, particularly the ability to harness conflict within
the team constructively. Research providersandfunders are generally seen as key in enabling IDR, by
recognising the additional investment needed for IDR success, particularly the need fortime to develop the
integrative approach.

Thereiscongruenceinthe literature aroundincreasing IDR effectiveness by clarifying whatis expected from
this approach to researchinga problematicsituation (at all levels); properly resourcing the transactional
costs of IDR (funders and research providers); and understanding that IDRis essentially ateam learning
process (teams and individuals).

6.1 Research funding

Funding mechanisms wereseen by senior managers as the main way in whichinterdisciplinary work at the
James Hutton Institute is driven. It was also viewed as a carrot approach for encouraginginterdisciplinarity —
particularly through Institute seedcorn funding. Horizon 2020 and other EU and Research Council funding
were viewed as beingimportantinterdisciplinarity drivers. Thoughts on RESAS were more mixed —some felt
it encouragedinterdisciplinarity, forexample by pushing groups together, whilst others felt thatit was not
supportinginterdisciplinary research enough. There was a consensus, however, that the Institute should
utilise the Scottish Government funded programmeto a greaterextentin the nextround to drive
interdisciplinarity.

In theirrole asresearch funders, several external interviewees acknowledged the importantinfluence that
funding structure and provision can have. In orderto increase the likelihood of receiving the evidence they
need which they ass e needsto come froma number of disciplines, one interviewee said “We then saw that
putting funding streamsin place to enable that was goingto help obviously.” Anotherone findsthat “tobe a
good research council we have to keep the bar a little bitahead of what most scientists are comfortable
with. In other words you have to offer opportunities as part of the package which stretchesthe peoplewho
are likely to be atthe cutting edge of doing new thingsin new ways.”

RESAS assess that opportunities forinterdisciplinary research are ‘pretty good’. The reasoning behind thatis
that the RESAS strategicprogram covers a wide range of subjects and involves many different researchers
fromdifferentdisciplines. “There is lots of room to manoeuvre within the various tenders to bringin more
interdisciplinary work which we would welcome.” In contrast, anotherinterviewee judges that
interdisciplinary research has not been writteninto the current round of Scottish Government fundingtothe
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extentitcould have been. He believes there is benefitin thisif “it’s sort of hardwired into the system
whereas atthe momentitisto a certain extentbut notas much as it probably could.”

Budgetary restrictions canimpact on the extenttowhichinterdisciplinary researchis carried out. Viewswere
expressedthatresources canonly be allocated to one orthe otherkind of research. “We’ve only got limited
resources, it’safinite pot! (...) we needtobe abletodo issay ‘okay we are goingto put resourcesinto
projecttype work’ which means stopping doing some stuff that we do now, which is quite difficult. But
some thingsthatwe do nowin a silo based operation (...) we might have to reduce thatin orderto be able to
resource project benchmarking.”

6.2 Individual traits associated positively with successful interdisciplinary research
(Micro /individual level)

Lyall and Meagher(2007:1) indicate that personality can be more important than disciplinary background,
and setout a list of useful characteristics (p35) including:

e Flexibility,adaptability, creativity

e Interestinotherdisciplines, willingness tolearn fromthem

e Openminded attitude towards ideas from other disciplines and experiences

e Good communication and listening skills

e Abilityto bridge the gap between theory and practice

e Team workingskills

Aslin and Blackstock (2010:125), reporting on findings frominterviews and aworkshop on using
transdisciplinary approaches to the study of ‘wicked problems’”, also stress the importance of personal skills
and attributes for successful use of thisapproach. Theyfound that people who are ‘nottooset in their
ways’, who are willingto listen to other points of view, and who are able to resolve conflict were seen as
useful members of transdisciplinary research teams.

Davies and Devlin (2007:5) note that it is difficult foracademics to embody such open-minded approaches to
research, given thatdifferentdisciplines have theirown ‘mental models, cognitive maps or frameworks, or
“paradigms”, and that once students have beeninductedinto adisciplineitis hard for themto ‘see things
any otherway’. As a starting point, they recommend compiling checklists or glossaries of key terms foreach
disciplineinvolvedin aninterdisciplinary project, yet recognise that these are no substitute fordeeper
understanding of the disciplines of team members (2007:7).

Lyall et al. (2011:29) note that interdisciplinary researchers need a high level of tolerance forambiguity, as
well asthe patience to spend time exploring the problem athand. Repko (2012:58-63) lists some 15 traits
and skillscommon tointerdisciplinary researchers. Aswell asthose already noted, he mentions enterprise;
love of learning; reflection; appreciation of diversity; and humility. Naiman (1999:292) found that although
the literature shows generalagreementthat ‘successfulinterdisciplinary research demands good science as
much as it demands personalvalues related to patience, trust, responsibility, and honesty’, thisis matched by
agreementthat putting these attributesinto practice is very difficult.

> Problems that arefunda mentally complex, broad and systemic (Aslinand Blackstock,2010:118).
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Inclusion of researchers with strong disciplinary backgroundsis also widely agreed to be important when
buildinginterdisciplinary teams. Morse etal. (2007) presentthree main conclusions from their experience of
runningan interdisciplinary program underthe NSF IGERT®:
e Inputfromdisciplinesiscrucial tointerdisciplinary work, and researchers need to be able to link
theirdisciplines tothe team effort;
e Clarityaboutdegrees of integrationin each interdisciplinary research projectis needed- the level of
integration should be based on problem definition and pragmatism; and
e Proactive planningand ongoingreflection are needed to ensure required levels of team integration
are in place.

Pennington (2008:7) in herapproach to interdisciplinary research as a learning problem identifies three
processesthatare importantforindividuals- cognition (the way we process information), creativity(the
cognition thatgenerates originalinformation thatis appropriate in the context), and motivation (‘the
initiation, direction, intensity and persistence of h an behaviour’). Each of these processesinteracts with one
anotherand also with social processes and the normative environment (iethe values held) and are therefore
difficult mechanisms to understand.

Cunliffe (2007:19) recommends taking a ‘virtue approach’ tointerdisciplinary teaching and learning. He
argues (2007:23) that the urgentcurrentsocial, economic, ecological and cultural problems cannot be solved
by single disciplines, nor by any interdisciplinary approach to education because the keyissueis ‘whatto do
with all our “know how” and “know that”’. Hisresponse isthatwe must ‘generate the necessary ethics for
responsibly knowing’ and argues therefore that wisdom, and its corollary generative wisdom (citing Solomon
et al., 2005’), needs to be understood ‘as normative foran interdisciplinary approach to educational
practice’.

A virtue approach entails giving priority to ‘cultivating character traits’ for promoting ‘wise orresponsible’
ethical actions and judgments; beliefs and knowledge; and creative practices. Cunliffe (2007:23) argues that
‘virtue thought’ ‘has the capacity to be the hub to the interdisciplinary spokes of the educational wheel’
becauseitisbasedon ‘ practical wisdom’ that ‘emergesfrom deep structured character traits aimed at
discerningethical, epistemicand creative actions and beliefs'.

He refers (2007:20) to MacIntyre’s® concept of a community of practice, a coherent social structure of
standards and expectations, where membership entails commitment to these standards ‘through practising
the virtues of justice, courage, and truthfulness’. The virtue approach tointerdisciplinary teachingand
learning recognizes that such communities of practice, with shared expectations, can be deliberately
cultivated, monitored and maintained to promote charactertraits for ethics, knowledge, and creativity.

National Science Foundation Integrative Graduate Education and Research Traineeship,
http ://www.nsf.gov/pubs/2011/nsf11533/nsf11533.htm Aims to produce graduate students ‘with the interdisciplinary
backgrounds, deep knowledge in chosen disciplines, and technical, professional and personal skills to become in their
own careers the leaders and creativeagents for change’ (NSF, 2006)

7 Solomon, J. L, Marshall,P.and Gardner, H. (2005) Crossing boundaries to generative wisdom. In R. J. Sternberg and J.
Jordan (eds) A handbook of wisdom: psychological perspectives. Cambridge: Cambridge University Press, pp. 272-296.
8 Macintyre, A. (1981) After virtue. London: Duckworth.
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Chettiparalamb (2007:29) refers to Anbar (1973°), who conceives of a “bridge scientist, an interdisciplinary
team memberwhose focus is on paradigmaticratherthan terminological conflict”. Anbaridentifies four
types of people who become bridge scientists, who have varying levels of ability:

e Professionals who are strongly groundedin a particulardisciplineand, having satisfaction in terms of
scientificcuriosity and recognition by their peers, have become adventurers (mostactive and
creative);

e Professionals who are strongly groundedin a particulardisciplineand might like to stay init, but who
feel forcedtogetinvolvedin otherdisciplines because theirown discipline is becoming obsoleteand
non-marketable (less enthusiastic);

e People whohadsome rathersuperficialtrainingin one ormore disciplines, who now find that they
can get work and consequent recognition as generalists (more suited to marketing rather than
projectgeneration or management); and

e People who have movedinto managerial, sales or other essentially bridge positions, but have not
been prepared to fulfil abridge role (and who may become “the most serious obstacles” in
interdisciplinary research).

As already indicated in some of the earlierinterviewee statements, communication and work in
interdisciplinary teamsis much easierif people are willing to getinvolved ininterdisciplinary research, which
“depends aloton the mindset of the people(...) and to a certain extentit’s down to personality.” Others
describeditasan “attitude and mind that is open to that kind of thing.” Interviewees acknowledged thata
mindsetis not easily changed. Often the specialists are very good in theirdiscipline but less willing to
broaden theirscope which might come at the expense of the time they have available to furthertheir
expertise. “We have some peoplelikethat, and it’s difficult to shift those into that [interdisciplinary] sort of
behaviour.” “Butyou do geta few people who are intheirown little silos thatit’s so small and narrow, they
mightbe very, very good at that but they’re very reluctantto step outside of itand meet people halfway!”

Interviewees felt that this kind of mindsetis more typical in older people. They also see that self-confidence
can playa roleinsomeone being willing to work interdisciplinarily which is compared to ‘stepping out of
one’scomfortzone’. Very youngresearchers would also lack that confidence soitisthe “group in the middle
who have been here a few years, they’ve built up some confidence, they’ve worked in arange of different
projects, yeahthey’re great [at doinginterdisciplinary research].” Scientists with “abroad outlook on life”
and “people who are politically aware withasmall ‘p’ (...) are more likely to be adjusted to
interdisciplinarity.” Anotherinterviewees said that people would need to be open and “have theirblinkers
off sometimes and perhaps [be] prepared to compromise.”

Attributesthatare conducive tointerdisciplinary working are described as follows: people “who are very
outward facing, very much into trying to think of solutions thatare out of the box if you like and very much
like totalk to other people and workinteamsand learn all the time, so learning, being really sensitive to
that, receivingthings, receivinginformation which is not necessarily in theirown very focused discipline.”

° Anba r, M. (1973) The “Bridge Scientist” and his Role, Research/Development. July,30-34.
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Anotheraspect raised was that of personality profiles. “Scientists tend to have aptitudes which suitthemto
beingscientistsinthe first place. They likedetail, they like order and structure, they tend to be quite
introverted (...) [and] that sits uneasily with creativity, risk, big picture considerationsandsoon{...) insome
waysthereisa lotof benefitin bringingthe less familiar kinds of personality types that come from the
artisticand the creative endandalso tend to be quite good at the managementend of itinto groups of
scientistsin orderto challenge the way they think.” Anotherinterviewee had studied the personalitytypes
of scientists, which sitalonga spectrum of cosmopolitan—local orientation and a basic— applied orientation.

People who are good at interdisciplinary research “tend to be good communicators, and they wantto do
interdisciplinary research, they see avalue in otherdisciplines.” Senior managers expressed thatto be
effectiveinateamand an interdisciplinary environment, people needed to be open-minded and receptive,
should value and be interested in other disciplines,and have good interpersonal skills. Both senior managers
and the Executive mentioned that peopleona teamneedtolike, orat leastrespectand listento each other.
Despite these characteristics being associated with increased interdisciplinarity, senior managers suggested
that there are still places for more specialised, highly-focused individuals in interdisciplinary teams who may
not have some of the positively identified personality attributes. There was a perception that people can be
persuadedtoworkininterdisciplinary teams if they can see the benefits forthemselves.

6.3 Importance of team working and strategies for success
(Meso: group/team level)

Fundamentally, the literature claims that team working requires:

e Inputfromdisciplines, and researcherability to link their disciplines to the team effort

e (Clarityaboutdegrees of integrationin each interdisciplinary research project, with the level of
integration based on problem definition and pragmatism

e Proactive planningand ongoingreflectionto ensure required levels of teamintegrationare in place

e Good leadership, withleaders having three key skill sets (i) cognitive (including clear vision of the
project’s aims and objectives); (ii) structural (eg gaining support and facilitating linkages); and (iii)
processual (ensuring productive interactions) (Lyalletal., 2011).

Team working also depends on developingacommon language; effective knowledge exchange; and trust
among members.

Morse et al. (2007) highlight the importance of team workingininterdisciplinary research, and note that
there can be tension between breadth/depth of team members’ knowledge. They indicate thatitis
extremely useful to have team members with prior experience of this research approach. They recommend
that interdisciplinary research teams adopt a ‘focal theme’ as the overarchingumbrella forthe research.
Thisis also recommended by Davies and Devlin (2007:5) who see ‘ideadominance’ as a central feature for
interdisciplinary research, and argue thata ‘key idea needs to be mutually agreed upon as beingimportant
by all concerned’. Inadoptingsuch a keyidea, team members needto be able to distinguish dominantideas
fromweakerideasand betweenideas from specificdisciplines and ideas that are interdisciplinary in nature
(2007:6).
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An overarching orfocal theme foran interdisciplinary research designis animportant communication
device, which links the different research componentstothe teamvision (Morse et al. (2007:7). Identifying
the focal theme helps frame complexresearch by highlightingissues related to the problem, the analysis,
and the research audience, and assistinginincreasingintegration (Morse etal.., 2007:9). Derounian
(2007:26) describestheinherently interdisciplinary area of community developmentashavingan
overarchingtheme of ‘place’, and otherinterdisciplinary areas of academicstudy have also been developed
around key themes, egsocial policy and welfare, media studies and communication.

A currentexample of an overarchingtheme is the International Association of Hydrological Sciences (IAHS),
whichis usingthe theme of ‘PantaRhei—Everything Flows’ in dedicatingits research activities overthe next
decade (2013-2022) to interdisciplinary study of change in hydrology and society (Montanari etal., 2013:1).
In this approach, hydrological systems are the interface between the environmentand h an needs for water.
The aim isto develop animprovedinterpretation of the water cycle by connecting changing dynamics to
rapidly changing human systems. Thisapproachisseen asthe way to improve the ability to predict water
resources dynamics, and foster sustainable societal developmentin a changing environment.

Davies and Devlin (2007:5) argue that disciplinary language, orvocabularies, and theirrelationships to
epistemology also raise challenges forinterdisciplinarity, especially when the same words are used in
differentwaysin different disciplines. Morse et al. (2007) recognise thisasan issue forinterdisciplinary
researchteams, and emphasise thatthereisaneedforcommon language ininterdisciplinary teams,
because of different meanings forthe same words from different disciplines, and use of terms unknown to
otherdisciplines, as well asaneedto understand the different disciplinary paradigms/epistemological
stances that are involved.

Sanchez-Colberg (2007:42) arguesthat identifying key words shared across disciplines can be used as the
basisfor developingacommon ‘language’. In herexample of integrating dance and architecture, she
identifies such keywords as structure, dynamics, space, effort, weight, time, flow, density, volume,
projectionand design. All are familiarto architecture students, and for dance students are the building
blocks of Laban’s ™ theories of movement and space. In herexample, she shows that the challenge of
workinginterdisciplinarily is not based onissues of ‘language’, nor on the ‘conceptual’ body of knowledge,
but centred around ‘the nature of the body-as-tool’ with dance and architecture students having differing
experiences and views of the ‘body-knowledge-subject’.

Aslinand Blackstock (2010:126) alsofound that some areas of research, eg GIS and computer-based
modellingwere seen as ‘inherently integrative’, and able to incorporate other people’s agendas. Thisis
furtherexplored by Kragtetal. (2013:322), who note that modellers’ broad perspective on environmental
systems gives them an overarching perspectivethat makes them well-placed to lead and facilitate
integrative research processes. Burd (2007:15) places interdisciplinarity at ‘the heart of the subject domain
of Information and ComputerSciences (ICS)'. Students studying within the ICS discipline mustlearntowork
with experts from otherdisciplines and become skilled in learning new domains forapplication of ICS
expertise.

10 Laban, R. (1975). Laban’s Principles of Dance and Movement Notation. 2nd edition edited and annotated by R. Lange.
London: MacDonald and Evans. (Firstpublished 1956)
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Morse et al. (2007:10-12) provide aset of recommendations forinterdisciplinary team efforts:

e adoptinganaccountability strategy that provides clarity about deadlines, requirements and
responsibilities;

e implementingacommunication strategy that allows formal meetings to discuss progress/mutual
learning;

o thoughtful and strategicselection of team members that have the necessary qualities-
vision/dedication/problem-solving;

e clarity abouttemporal/spatialscales forall team members’ work;

e recognitionof and respect fortimings needed to complete aspects of the research, eg data gathering
seasons/breeding cycles that constrain timing of research;

e identification of focal theme(s) as overarching guide forthe work;

e allowingoftime todevelopthe approach tothe problem athand;

e interdisciplinary training thatistargetedtothe projectat hand, egseminars on both interdisciplinary
workingand disciplinesinvolved; and

e identifyingmentorstofocusonteam integrationissues to provide oversight of team workingand
help resolve any conflicts arising.

Naiman (1999:293) notesthe complexity of problems tackled by interdisciplinary research, concluding that
resolving theseissues needs aresearch teamthat isdrawn from a wide range of knowledge bases (including
people from beyond traditional academicsettings), and ideally has experience of working together. He
identifies features that are characteristic of interdisciplinary approaches and that need to be recognised and
addressed:

e timeneeded(12monthsor more) to familiariseteam members with each other’s
methods/terminology;

e time, effort, and costs neededto finalise project design are higherthan forsingle disciplinary work;

o differentlevels of commitmentamongteam membersandreliance on strongleadership of research;

e |ongerthanusual period neededforpublishing results;

e needtoincorporate social and political insightsinto research design;

o timelostfordevelopingteam members’ expertise in theirown discipline; and

e perception of interdisciplinary scientists as ‘less competent oraccomplished and interdisciplinary
research as ‘less exacting’.

Pennington (2008:9) stresses the social nature of interdisciplinary research, regardless of the scale of the
project. She arguesthat successful collaboration entails ‘orchestrating the environment andinteractions’ of
the team to ensure effective knowledge exchangeamongteam members thatresultininnovative
approachesto the problemathand. She acknowledgesthatgroup learning can be difficult,and echoes
otherauthors on the amounts of time and commitment needed. Knowledge exchangeamongteam
members needsto provide the senseof asubject ratherthan detailed understanding. Tounderpinteam
learning, Pennington translates Maslow’s hierarchy of needs** (motivational factors) to the factors that are
incurred by participationin collaboration (from lowest level (1) to highestlevel(5) need:s:

1 Maslow, A.H. (1943). A theory of h an motivation. Psychological Review, 50(4), 370-96.

37



Exploring interdisciplinarity at the James Hutton Institute, March 2015

Maslow’s factors Collaborative factors

1. Physiological needs (food, water, 1. Physical mechanisms (physical presence, links between

sex, sleep) participants)

2. Safety needs (security, protection, | 2. Group intactness and trust (connectedness of team members,

predictability) application of individual expertise, innovative assessment of
participant contributions)

3. Love needs (friendship, family, 3. Social relationships among team members (accommodating

belonging) differences, constructing shared meanings)

4, Self-esteem needs (confidence, 4. Sense of individual strengths and perspectives (valuing disciplinary

achievement, respect of selfand perspectives, allowing coherence to emerge, maintaining the field of

others) inquiry)

5. Self-actualization needs (fulfiiment | 5. Team actualization (shared vision, goal congruence, convergent

of potential, ultimate desires) thinking from each part of the work)

Trust amongteam membersiscommonly seen as afactor in successful teamworking, and is particularly
importantwhen people from different disciplines are collaborating. Aslinand Blackstock (2010:126) found
that trust and reciprocity are important forteam working, asis shared views of research ethics thatare
process-based. Theyalso found that participationina ‘real project’ was a key elementin the process of
learning about how to work transdisciplinarily, with effective project management ensuring that all team
membersfeel empowered. Pennington (2008) also notes thatinterdisciplinary researchers needto be able
to apply the information they learn from knowledge exchange during collaborations to engender new
conceptual links.

Lyall et al. (2011:3) note that while trustamongteam membersisimportantin any collaborative project, in
interdisciplinary researchitis ‘crucial’. Inbuildingtrust, they emphasise the need to deal with any conflict
arisinginteamdiscussions ratherthan gloss overthem. They stress that disagreement should be
acknowledged as an expectedissue, particularlyinthe early stages of project development. They suggest
that face-to-face interactions can help avoid ongoing conflict, and that ‘creating an open environment
characterised by mutual respect helps achieve trust (p59). Lyall (2008:4) suggeststhatitisimportantto
agree the project publication/authorship credit strategy atan early stage, and this also assists in creating
trust.

Developinginterdisciplinary teamsis very much an organic process. This process takes a lot more time
because people who are comingtogetherinateamneedto build up levels of trust, exchange knowledge and
increase understanding of each other’s’ disciplinary backgrounds andideas. It also links to the theme of
attendinginformal events, in orderforsuch relationships to develop and being able to meet otherpeople,
and time spenton this should be viewed as very importantand a priority in order for interdisciplinarity to
develop. The time aspect was also acknowledged by the Hutton Executive, in terms of staff needingtime to
overcome barriers of aninterdisciplinary approach, such as different disciplinary languages. Establishing a
different culture can take time, which the Executive believed could be facilitated through the Institute
values.

Communication playsanimportantrole ininterdisciplinary research, in particularin building effectiveteams
of (inter)disciplinary researchers. Externalinterviewees stressed that communication and exchangeis
particularly importantininterdisciplinary research because it brings together people with different working
cultures andtraining. Therefore building understandingand acommon language is needed foran
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interdisciplinary team to work successfully. Communication can be supported inanumber of ways. Two
external interviewees stressed the importantrole of the project manager, in particularin interdisciplinary
projects:

... the importance of the project manager, theimportance of a person whosejob it is to make sure
thateverybody knows what they’re supposedto do and that people’s understanding where it’s
lacking can be identified and addressed is aboutthe only way you can make these things work. (...)
[Itneeds] that kind of skill (...) understanding how to make groups of people function effectively
together.

... to bring in project management almost as an additionaldiscipline in its own right so that you’ve
notgot a group of half a dozen scientists all coming from (...) their own discipline, having somebody
who sort of sits above them and brings them altogether and delivers a project (...) managers should
be appointed who want to manage, know howto manage, realise that they’re going to take a
reduction in scientific input, ... and they’re provided with suitable training.

A similarrole was described foran IDR facilitator “having an understanding of what the problemis and what
the potential solutions are and then assembling all the different bits uh...regardless of academic
boundaries.” Such afacilitatoris tasked with understandingindividual scientists’ backgrounds, “where
they’re coming from and what are the important things of theirdiscipline”, and then to “find some common
ground and common language to move forward (...) to break those barriers down.” ‘Facilitating could be
part of the job of a project manager. This notion was shared by senior managers, who saw good leaders as
importantfordrivingteams. Such a leaderneeded to be a‘bigideas person’, and a mentorwho could
nurture early careerresearchers.

Opportunities forinformal communication were viewed by senior managers as conducive to
interdisciplinarity, in terms of ‘getting peopletogether,” and building relationships. Itisimportant that
people getto know each otherand feel more comfortable around each other—so they are more likely to be
relaxed and openin more formal settings. However, it was stressed that meeting and mixing cannot be
forced. Although often more formal, seminars were also viewed asimportant. Presenting and participation
encourages early careerresearchers, makes people aware of each other’sresearch, and ‘gets people mixing
and talking’. A practical suggestion from an external interviewee was to hold weekly short seminars given by
an Institute scientist on theirwork, pitched at a general level with a 15-20 minute presentation, and
opportunities forshort questions, taking at maximum half an hour. “You’re not taking too much out of your
time and building sort of institutional awareness.”

6.4 Team leadership

The literature oninterdisciplinary research emphasises the role of the teamleaderas being particularly
importantinthistype of work. Lyall et al. (2011:72) provide alist of the qualities needed to be a good
interdisciplinary team leader.

In additionto the characteristics needed forinterdisciplinary researchers, they alsoinclude tact,
assertiveness, perseverance, proactivity, and ability to ensure openness as well as progress
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withthe work. Lyall et al. (2011:72) also note Gray’s™” three categories of responsibilities for
interdisciplinary team leaders- cognitive (including clear vision of the project’s aims and objectives);
structural (eggainingsupportand facilitating linkages); and processual (ensuring productive interactions).

Lyall et al. (2007:1) stressthe importance of both personal attributes and leadership forinterdisciplinary
researchers: ‘In many ways, personality can be amore significant factorthan discipline base’; noting that
‘Iw]e have, forexample, found that successful interdisciplinary teams are led by people who themselves
have a strong interdisciplinary background’ and exhibit the following traits: >

e Interestina wide range of subjects;

o Respectforotherdisciplines;

e Willingness to promote the success of otherdisciplines;
e Good interpersonal and team-building skills; and

e Proactiveinengaging with otherpartners.

While Lyall et al. (2007:2) recognise thesetraits are useful forall research, they see them as ‘absolutely
essential’ forinterdisciplinary research.

Newing (2010) notes that some of the biggest barriers tointerdisciplinary research are about achievingteam
agreementabout framing research questions, collecting and analysing data, and the validity, ambiguity, and
relevance of results. Toassistteam leadersinthese tasks, Pennington (2008) draws on social science
research on boundariesto advocate the inclusion of ‘boundary spanners’ inaninterdisciplinary research
team. Boundary spanners with networking ability, who are also entrepreneurs, innovators, cultural brokers,
trust builders and catalyticleaders, need to be viewed by the team as a legitimate member with recognized
skillsin negotiating between fields, even though theirrole in the research may be limited or peripheral.

Lyall (2008:3) providesadvice forinterdisciplinary research team leaders on effective group working
mechanisms, arguing that the most successful projects entail ‘alively process of interactionin orderto
explore commonalities and differences and establish relationships between disciplinary partners’. Planning
shouldinclude more time for conceptualizing the research problem and research scheduling than fora single
disciplinary collaboration. Team leaders should also schedule high levels of group working, recognising that
this needsto be facilitated, whichis particularlyimportantin the framing parts of the work.

Lyall (2008:3) suggests a short checklist for distributing team responsibilities:
e identifyandassign expertise appropriately (noteveryone hastobe involvedin all tasks);
e keepanopenmindaboutnew methods;
e considerhow tostructure analyses so that different types of findings, from different disciplines’
methods and data, can be integrated,;
e recognise thatteam responsibilities may go beyond standard/traditional areas of expertise; and
e identifythe role and contribution of research users/ otherstakeholdersin the team.

12 Gray, B (2008) Enhancing Transdisciplinary Research through Collaborative Leadership, American Journal of
Preventive Medicine, 35/2(Supplement 1, August), s124-32

* Bruce A, Lyall C,, Tait). and Williams, R.(2004) “Interdisciplinary Integration in the Fifth Framework Programme”,
Futures, 36/4, 457-470.
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She also sets out strategies to foster communication within the team:
e frequentface-to-face meetings/networking events;
e regularvideo-conferencingwhenteam members are located in differentinstitutions;
e jointfieldwork;
e social events;
e applyingrewards andincentives toteams ratherthanindividuals;
e consideringusingexisting techniques and computational tools forintegrating data; and
e writingtogetherto encourage integration across disciplines. (p3)

Sommer(2000:4) concludesthatfor interdisciplinary teamleaders, ‘the challenge is to retain the flexibility
and focus possibleinafield of studyin bringingtogether people from awide variety of backgrounds while
allowingindividual members to maintain identification with the disciplines and professions in which they
were trained’. Bammer (2013b) identifies ‘harnessing difference’ as the essence of collaboration, and a
teamleaderneedstobe able torecognise when differences can be harnesses to progress the research, or
managed if they are obstructingthe research. Bammer (2013b) identifies six types of differences that need
to be takenintoaccount: personality, mentalmodels, epistemologies, cultural norms, teamrole skills, and
emotionalintelligence.

For Bammer(2008), ‘the point of working with someone else is that they have different perspectives, skills,
resources or other attributes that contribute something relevant to addressing the research problem, either
in improving understanding about it or in implementing that understanding in decisions and action’. She
notes that little attention has been givento the practical issues of interdisciplinary research, and highlights
three activities critical to successful research collaboration (2008:1):

o effectively harnessing differences;
e settingdefensibleboundaries; and
e gaininglegitimate authorization.

Differences vary, and range from personal attributes, incentives required, conceptualisations of research,
and working style, to otherattributes all potentially creating unproductive conflict. Bammer (2008:2)
recognizesthat disagreements and competition can provide avital stimulus to creativity, and recommends
minimizing ratherthan eliminating the tensions and disputes that prevent people from working together
constructively. She recommends two strategies to harness difference: fostering reciprocity; and making
transparent the personality differences of the teamto build trust. Ina later paper, Bammer (2013b), notes
that methods exist for covering differences in personality; cultural norms; mental models; emotional
intelligence; teamrole skills; and epistemologies (but gives no references), and recommends dialogue
methods (McDonald et al., 2009"%).

Bammeralso notes that deciding which perspectivestoincludein interdisciplinary research projects can be
difficult because of external restraints (eg funding); lack of knowledge about disciplinary relevance; and, on
occasion, political pressure and powerimbalances between disciplines and practice areas, or between

individuals. She recommends (2008:3) using one of two strategies to set research boundaries, scoping, and

14 McDonald, D., Bammer, G., Deane P. (2009) Research Integration Using Dialogue Methods, ANU E-Press;
http://epress.anu.edu.au/dialogue_methods_citation
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critical system heuristics. Herown scoping questions (quoted from Bammer, 2006) help identify research
dimension and set priorities:

Dimension

What is known about the problem?
What can differentinterest groups and academicdisciplines contribute to addressing this problem?
What areas are contentious?
What are the bigpicture issues? In otherwords, what are the political, social and cultural aspects of
the problem?

Priorities
Why isthis problem onthe agendanow?
What supportand resources are likely to be available for tacklingthe problem?
What parts of the problem are already well covered and where are the areas of greatest need?
Where can the most strategicinterventions be made?

Bammer (2008:4) recommends Ulrich’s Critical System Heuristics (2005") as another helpful set of questions
that can be assist thinking about collaborative research boundaries:

Motivation forthe collaboration;

Sources of powerinthe collaboration;

Sources of knowledge forthe collaboration; and
Sources of legitimation for the collaboration.

Hw N e

In herapproach to interdisciplinary research as a learning problem, Pennington (2008) identifies three
processesthatare importantforindividuals- cognition (the way we process information), creativity (the
cognition that generates originalinformation thatis appropriate in the context), and motivation (‘the
initiation, direction, intensity and persistence of h an behaviour’). Each of these processesinteracts with one
another, and also with social processes and the normative environment (ie the values held) and are
therefore difficult mechanisms to understand. Pennington uses both Maslow’s famous 1943 hierarchy of
needs (see page 38, above) and constructivism as frameworks to provide betterunderstanding of these
individual processesin collaborative learning.

At the wider population level, the political, economic, and cultural contextinfluences support for
interdisciplinary research and the impactit can make on complex areas of science and policy. Derricketal.
(2011) note that where institutions are ‘financially strapped’ they tend to focus on core activities, so that
disciplinary research takes precedence. They also note that government support forinterdisciplinary
research fluctuates accordingto political and policy changes (2011:33).

6.5 Physical Spaces
In addition to mental spaces forinterdisciplinary work, physical spaces wereidentified asimportant by
interviewees. Most Hutton interviewees mentioned the role that suitable buildings and office layouts have in

> Ulrichw (2005). A brief introduction to critical systems heuristics (CSH). ECOSENSUS projectweb site, Open
University, Milton Keynes, UK, 14 October 2005.
http://kmi.open.ac.uk/projects/ecosensus/publications/ulrich_csh_intro.pdf
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encouraginginterdisciplinarity. The Aberdeen site was viewed as more conducive to interdisciplinary
working compared tothe Dundee site due to staffin Dundee being housed in many separate buildings. One
of the external interviewees had carried out a study with staff at the Dundee site previously, which found
that physical distance of staffis a barrierto interdisciplinary working. Study participants said the physical
layout of the Institute hindered good communication. The structure of the two sites reduces chances of
informal exchange happening. “Forexample some of my best conversations are with peoplel’ve just
happenedtobp intointhe canteen ... or goingaround the site and sort of nota planned meeting.”

Itisimportantto have informal spaces where people can gatherinformally to chat. The dual-site setup
makes it difficultto build relationships between staff from different groups and disciplines; the SEGS group
and staffin Dundee were given asan example. There weredifferentideas about getting different disciplines
to mix within buildings, butthe need to share ideas with people of the same discipline was also mentioned.
Being grouped togetherin groups was seento enhance career development and disciplinarityy, while a
mixed setup may promote interdisciplinarity. The Hutton Executive highlighted the physical infrastructure—
groups sharing a single coffee room, and informal places for people to meet—as important areas of
interaction.

One external interviewee voiced suggestions similarto those from Theme and Science Group Leader
interviews. Forexample, the issue of “too many people workingin portacabins who have noreal incentive to
leave their portacabin very often” should be addressed, and provisions made forinformal exchanges to
happen:break outrooms, corridors, “waterfountains atthe end of the corridor, coffee machines, whatever,
where people would naturally sort of b p into each otherand have the ability to first of all justto getto know
each otherand secondly have those sort of informal discussions that can lead to the great ideas.”

Anotherexternal interviewee reported on their organisation’s experience of closing two facilities and
moving all staffinto one new building so that people from different disciplines are co-located in the same
building. They face a constraintin that laboratories need to be locally present (linked to organisation’s
remit/mandate)sothe extentto which staff can be co-located is limited. The idea of ‘critical mass’ came up
several times, inthatitonly makes sense tofollow the interdisciplinary path if you have sufficient staff
numberssothereisa group around every discipline/expertise (alsoin orderto guarantee training and
cutting edge research). Otherwise itis preferableto team up with other organisations and get the missing
expertisefromthem.

6.6 Education for interdisciplinary research

Increasinginterestininterdisciplinary researchin academicscholarshipis evident fromthe changing nature
of the academy since the 1940s (Klein, 2004), which historically had tended towards increasing separation of
disciplinary study. Some interdisciplinary areas of study are now well-recognised, for example biochemistry
inthe natural sciences, and social policy inthe social sciences. More recently, there have beenincreasesin
interdisciplinary subjects being researched and taught, for example conservation biology and natural
resource management.

While the Scottish Curriculum (7-14) and the American Association forthe Advancement of Science guidance
on primary and secondary education both referto interdisciplinary learning, higher education institutes are
widelyseentohave akeyroleineducationforinterdisciplinary research. Writingabouttraining
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requirements for students of environmental conservation, Newing (2010) notes the focus on broad
interdisciplinarity, involving both natural and social science in this field. However, she also notes that
interdisciplinarity often refers tothe inclusion in curricula of any social science content; vocational skills
training; integrative or practice-based exercises, sometimes with no indication of disciplinary content; and
the (variously defined) ‘h an dimensions’ of conservation.

Newing (2010) argues that interdisciplinarity has to be academically focused in each contributing discipline,
with understanding of disciplinary differences, especially in epistemological theory and scientifictradition.
She concludes that the minim contentin natural or social science-based conservation undergraduate
programmes should include:

An introduction to other (natural/social) science perspectives on environment;

Basic traininginthe other(natural/social) science methods, research design and theory;
Some vocational skills training where possible; and

Integrative problem solving tasks that can be usedin teachingany/all of the above three.

N

Klein (2004) writing about transdisciplinarity'® states that ‘education is vital to future prospects’, and that
interdisciplinary studies are key in building capacity for collaborative work across disciplines. Kleinargues
that transdisciplinary education is needed at all levels of schooling, from primary to higher education
(2004a:522), as well asbeing ‘incorporatedinto professional practice’ (p523). She furtherarguesthatadding
new transdisciplinary courses to existing disciplinary studies is not the answer, but ratherthat
transdisciplinarity needs to be understood as “’basic” education’ (p523).

Bentley (2007:12) addressesthe problemininterdisciplinary education of using otherdisciplines to open
students’ minds to new ways of thinking about their discipline without such exposure leading to
‘deconstruction of theiremerging disciplineidentity’. She recommends exposure to otherdisciplines’
teachers as a key elementin disciplinary education for undergraduate students, emphasizing that at root,
disciplines are no more than discourses. She refersto Bakhtin’s theory of dialogism, ie what happens when
discourses encountereach other. He suggests that while dialogue may be superficially ‘friendly or hostile,
convergentordivergent’, underlying this ‘there is always astruggle forinfluence’. Whilespeakerslisten
carefully to each other, they do so ‘to inform and reinforce their own discursive position’. The outcomeis
“dialogized heteroglossia” (Bakhtin, 2001:1199""), defined as the “co-existence of socio-ideological
contradictions between the presentand past[...] between tendencies, schools, circles and so forth”
(2001:1213).

Bentley (2007:12) recommends using atype of ‘dialogicencounter’, when aspeakerfromasecond discipline
engages activelyinliteral dialogue in adisciplinary classroom about their disciplinary perspective on atheme
understudy. The intellectualintegrity of staff, theirunderstanding of the students’ discipline, and their skill

% For Klein, ‘transdisciplinarity’is ‘transcultural, transnational,and encompasses ethics, spirituality, and creativity. Itis
not a new disciplineor super discipline’.(2004a:516) For her the key difference between interdisciplinarity and
transdisciplinarity is thattransdisciplinarity questions disciplinary thinking ‘through the principle of articulation
between different forms of knowledge’ although transdisciplinaryresearchis’based ondisciplinary practice’
(2004a:524).

v Bakhtin, M. (2001) Discourseinthenovel. InV. Leitch (ed.) The Norton anthology of theory and criticism. London:
Norton, pp. 1190-1220
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indialogicencountershould counterthe tendency towards heteroglossia, but given the linguisticdynamic of
dialogue, thistendency needs to be recognised and explicitly acknowledged.

Bringing source material, the speaker explains how their discipline interprets them, shares their valuing of
theirown epistemologies, and familiarises the students with another specialist disciplinary language.
Bentley (2007:13) argues that this approach gives the second discipline ‘amore powerful and persuasive
voice’, and makes aninterdisciplinary encounter ‘more open-ended, untidy and exciting’.

Morrow (2007:34) arguesthat interdisciplinary teachingand learningis potentially best employedin
developing courses that cut across disciplinary boundaries. This approach can fill the gaps between
disciplines, and also maximise connections between them, makingitappealingtothose who recognise the
value of a more holisticworldview. She notes that the trend towards modularteachingin universities may
also promote interdisciplinary learning, because this allows students (notionally at least) to access coursesin
otherdisciplinesduringtheirdegree. Morrow (2007:36) warns that for vocational areas of study, eglaw, the
demands of professional accreditation can lead to ‘course cramming’, an approach that does not value
innovative and imaginative cross-disciplinary teachingand learning.

Penlington (2007:39) argues that students oninterdisciplinary courses receive mixed messages about
assessment, threshold, benchmark and output standards that may reduce their confidence in theirlearning.
To address thisissue he recommends ensuring ‘equity within assessment’ and that assessment methods
must be equally suited to all students, regardless of their dominant disciplinary area.

Burd (2007:16) recommends usinga problem-based learning approach. She notes thatacademicstaff are
concerned about dilution of core teaching by introducing interdisciplinary elementsin undergraduate
courses, and that students often resist the demands of interdisciplinary learning. She suggests (2007:16)
that clear communication and the appropriate focusing of learning outcomes can address these barriers.
Staff can be shown how core skills are being taught via case studies using diverse topics, which also increases
variety and interest. Making clearerthe key skills thatinterdisciplinary learning provides, and how these
skills are to be assessed, can address students’ concerns.

Derounian (2007:26) also characterisesinterdisciplinary education as a learning process that encourages
people collectively toimprove theirskills, confidence, awareness and understanding, thus developing
resources andinfluence. Inthe context of undergraduate community development education, he
recommends (2007:29) that teachingand learningis based on Kolb’s Cycle **, which emphasises concrete
experience (visitingand hearing from others); self-reflection leading to an output; and experimentationin
assemblingand presenting the output. He also notes that this approachis compatible with asocial
constructivistapproachtolearning, ie sharing experiences and discussing ways forward.

Evely et al. (2012:2) emphasize the importance of understanding the processes and mechanisms that
facilitate learning and knowledge exchange at different governance scales, and how processes of
communicating resilience research can be integrated with mechanisms that promote greater depth of
learning. They pointtolack of appreciation of how knowledge is perceived and constructed, which affects

18 Kolb, D.A. (1984): Experiential learning:experienceas the source of learningand development, Englewood Cliffs, NJ:
Prentice Hall, http://academic.regis.edu/ed205/Kolb.pdf
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both implementation and outcomes of knowledge exchange processes. This, inturn, hasimplications forthe
co-generation, acceptanceand use of knowledge, and ultimately, how complex social-ecological problems
are approached and managed (2012:3).

Evely et al. (2012:14) provide an overview of aspectrum of conceptualizations of knowledge and theirlinks
to knowledge exchange. They conclude (2012:18) that as yet there is no single model of knowledge or
knowledge exchangeto ensure that research outcomes are used by intended audiences. They argue that
understanding the alternativeapproaches and their epistemological bases, however, makes forbetter
planning of future knowledge exchange processes for betterfit to the contextin which they operate.

Incentivesforinterdisciplinary working can be integrated into the way in which careerevaluations are
carried out, and they can be materialisedin the way early careerresearchers are encouraged to work
interdisciplinarily. Senior managers were of the opinion that staff (particularly early careerresearchers) need
to develop both disciplinary and interdisciplinary expertise. Disciplinary expertiseis easierto value in career
evaluations. Potentially thereisaneedto consider how to value interdisciplinary outputs (which may be
more difficultto produce) more effectively at the James Hutton Institute whilst still allowing staff to have the
potential to have a successful career outwith the Institute. It was also noted that the PPDR process '°is more
aboutindividuals ratherthanteam development. The views of the Executive were that interdisciplinary
research can be promoted through demonstrating the progress you can make and the benefits of being
involvedinsuch projects. They also stressed that people need to be aware of what interdisciplinary working
isand what its advantages are.

There were suggestions thatit may be more difficultforearly careerresearcherstogetinvolvedin doing
interdisciplinary research becausethey still needed to develop an expertise in theirdisciplinary area.
Becomingan expertinan area wasseen as beingimportantinbeingable to contribute to aninterdisciplinary
team, and also enabledindividuals to have confidencein theirresearch and beingable to critique orrespond
to the ideas of differentteam members. Early careerresearchers wereviewed as needing more support to
developinterdisciplinary projects or needed to be ‘nurtured’ into or given exposure to interdisciplinarity.
There was a perceptionthatearly careerresearchers should be included ininterdisciplinary projects so that
they could ‘geta flavour’ of the benefits of workingin aninterdisciplinary way. The dominant way to get
establishedinadiscipline was viewed as being published in disciplinary journals. There was recognition that
getting publishedininterdisciplinary journals was important too, butit may be more difficult, associated
with a lowerimpact factor, and with issues around the order of co-authors. The Executive recognised aneed
to strategically favourinterdisciplinary PhDs, and make seedcorn funding available forinterdisciplinary
projects.

Generally, interdisciplinary research is not something that young researchers are trained in at university;
they needtolearnthisapproach ‘onthejob’. Post-docs and younginvestigators working on projects are
seentobe more open minded and enthusiastic. Giving these peopleincentivesto talk to one anotheracross
the traditional boundaries supports interdisciplinary exchange because they are already opento otherviews
and approaches. Interviewees stressed that what “is self-evident really is you can’t make everybody change.
You simply make the people who want to change, you reward themforit, you particularly try to make sure

19 . . .
Personal Performance Development Review, the Institute’s annual appraisal system.
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the exemplars of whatthey’ve doneare well discussed and all the rest of it. You create an environment
which favoursit.”

But trainingininterdisciplinarity is not only about enabling scientists from different disciplines to come
together. “Forearly or mid-careerscientists I thinkit’s really important that they have...its almost giving
them training, making sure that they’re aware of the biggerarenathat they’re workingin(...) itisreally
important thatyou try to make sure that people do know of and are aware of the government perspective
on a whole range of things” such as policy documents. Another set of skills that aninterdisciplinary—and
evenmore so a transdisciplinary —researcherneedsis the ability to translate research forvarious target
audiences, inorderto “give the researchimpact.”

A poignant practical suggestion was made be an external interviewee: “Probably the first stage in terms of
trainingis justraisingawareness of what other people inthe Instituteare doing.”
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7 What do supportive conditions for interdisciplinary research look like?

A numberof themes emerged from ourresearch relating to nurturing interdisciplinarity through supportive
conditions such as: time —it takes longerto do interdisciplinary research; team building—team members
needto be open-minded and receptive; the matrix system and management—conceptually the matrix
systemis good but themes should be more fluid; spaces—good work environments can enable
interdisciplinary working practices; careers—interdisciplinarity should be considered in career evaluations
and early careerresearchers need to develop theirown discipline; funders—are the drivers of
interdisciplinary research, most were viewed to be good at this but opinions about RESAS were more mixed;
informal chats/seminars—were seen as a good way of getting peopleto communicate informally.

Understanding how to nurture interdisciplinarity isimportantin an institute thataimsto develop a culture of
interdisciplinarity. Supportive conditions mentioned that already exist or can be developed to enhance an
interdisciplinary way of working include team building; sufficient time and good two-way communication;
personal attributes and mindsets; culture and working environment; physical spaces; incentives for staff,
trainingand skills; and research funding. These supportive conditions were recognised by internal and
external interviewees alike.

7.1 Institutional support for interdisciplinary research
(Macro: institutional/wider population level)

Much of the literature oninterdisciplinary research argues thatinstitutional supportis essential. Lyall
(2008:2) notesthat interdisciplinary research tends not tofitthe traditional discipline-based academic
structures within universities. Existing systems of funding and rewards are often notapplicable to academics
undertakinginterdisciplinary work. Grigget al. (2003:1) note that although cross-disciplinary researchis
seenwithinthe research fundingand higher education environmentas an increasingly mainstream activity,
and receives much supportin principle, difficulties remainin supporting such activity in practice.

Academicinstitutes

Nissani (1997:203) seesthe rewards of interdisciplinary research in three (overlapping) categories: increases
inknowledge; othersocial benefits; and personal benefits. He identifies academicemphasis on discipline-
basedinstitutional arrangements as the main barriertointerdisciplinary research, in that thisapproachis
less useful foracademiccareers due to less research funding and fewer publishing opportunities, and
reduced potential to achieve seniority. His conclusion is that the academy needs to fosterinterdisciplinary
research alongside discipline-based research, recognising the need for generalists and specialists to deal with
diversity andinterconnectionsinthe real world. (1997:214).

Morse et al. (2007:10) identify threekey rolesforhighereducational institute supportforinterdisciplinary
research:

e experiencedinstitutional mentors to supportinterdisciplinary researchers/teams;
e fundingfortraining needed to ensure team members to fully participate in interdisciplinary work;
and
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e projectfundingthattakesaccountof the fact that interdisciplinary work takes longer.

Aslin and Blackstock (2010:126) found thatresearchers workingoninterdisciplinary projects see valuein
involving senior managementin thistype of research, ensuringinternal supportforthisapproach. Derrick et
al. (2011:33) suggestthatexistinginstitutional funding can be used to supportinterdisciplinary research at
low cost, via self-sustaining collaborative networks across disciplines or departments.

Funding agencies

Lyall et al. (2013:62) state that supportfromfundersis crucial for realising the benefits of interdisciplinary
research, especially from large-scale projects. Thisis because funders make the decisions thatimpact
significantly on resources availableforthis type of research, howitis shaped, including the extent of
integrationinvolved, and also its effectiveness (p67).

Keyrolesforfundersinclude:
e stimulatinginterdisciplinary researchinitiatives (by identifyingissues that are bestaddressed using
this approach);
e establishingthe ‘architecture’ of aninterdisciplinary programme (by selection of
leader/locus/funding routes/methods of accountability via evaluation processes); and
e providingthe additional training orinfrastructure needed to ensure interdisciplinary research
capacity.

Derrick et al. (2011:33) suggestthatthe risksinvolvedininterdisciplinary research mean that publicfunding
isnot as well-suited to this research approach as private sector funding. However, they recommend that
public/private funding should be targeted towards individuals who are likely to build successful
interdisciplinary research teams, allowing them to pursue, overtime, this approach to research.

Policy makers

Chettiparamb (2007:1) states that within UK policy circles, interdisciplinarity has been normatively accepted,
leadingtothe drive forinterdisciplinarity in both teachingand research being encouraged through the
Higher Education Academy and the Research Councils.

Tress et al. (2004:22) include aset of expectations from inter- and trans- disciplinarity research froma
German policy maker perspective. Forthem, this type of research should be:

o useful forpolicy;

e politically relevant (ie contributes to policy aims);

e theoretically robust;

e providingresults thatsolve problems and that can be applied to different fields of practice;

e carriedoutinco-operation with end users;

e increasingthe esteem of scientificcommunity forthese research approaches thatfocuson
normative areas, eg sustainability, including recognition that this approach does not produce results
that are notscientific; and

e increasingcapability of researcherstoworkinthis way, ie of those willingto extend their mental
school of thought from their original discipline.
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Morse et al. (2007) presentthree main conclusions fromtheirexperience of runningan interdisciplinary
program underthe NSF IGERT?’:
e inputfromdisciplinesiscrucial tointerdisciplinary work, and researchers need to be able to link
theirdisciplines tothe team effort;
e clarityaboutdegrees of integrationin each interdisciplinary research projectis needed, the level of
integration should be based on problem definition and pragmatism; and
e proactive planningand ongoingreflectionis neededto ensure required levels of team integration
are in place.

7.2 Interview results

The interviews examined the supportive conditions that can be developed oralready existed in orderto
enhance aninterdisciplinary way of working at the Institute. Many points were mentioned by senior
managers fromthe Institute and the external interviewees alike, although they sometimes used different
terms. There isrecognition thatinterdisciplinarity needs supportive conditions in terms of:

e team-building, time and two-way communication;
e personal attributes and mindset of people;

e culture andworkingenvironment;

e physical spaces;

e incentivesforstaff, training, and skills;

e researchfunding.

People are atthe core of shapingthe working environmentin an organisation. Comments on this point were
made by external interviewees. There are various ways to enhance an interdisciplinary culture or working
environmentinaresearchinstitute. Management or the organisation needs toadoptclearincentives for
interdisciplinary work. An external interviewee was convinced that “The message that’s coming from senior
managementisimportantthat...whetherthatsort of activity is encouraged or discouraged.” Bringing
scientists from different disciplines together justforthe sake of it is unlikely towork. Instead, one
interviewee suggests “the way | see that works bestis when you have a problem that needs addressingand
you bring people togetherratherthan bringing people togetherfirstand then looking at well what could we
do together?(...) There’s more of a pull ratherthan a push, | don’tthink you can push sort of
interdisciplinary working it has to be a pull.”

External interviewees acknowledged that “a culture and a behavioural change in ourown staff” is needed for
interdisciplinarity to thrive. “There’s something about comfort zones and familiarity in culture and all of that
whichis quite importantin (...) engenderinganinterdisciplinary environment.” The aim should be to create
an environment, an atmosphere, where peoplefeel confidentthey can share ideas without being criticised
ina way that would adversely affect perceptions of them. People need to feel comfortable to speak up, ask
guestions and critique other people’s ideas and approaches, and not be afraid of being “criticised by people
who do not have the same depth of understanding, becauseif you can’tdo that then you can’tlet the

2 National Science Foundation Integrative Graduate Education and Research Traineeship,

http ://www.nsf.gov/pubs/2011/nsf11533/nsf11533.htm Aims to produce graduate students ‘with the interdisciplinary
backgrounds, deep knowledge in chosen disciplines, and technical, professional and personal skills to become in their
own careers the leaders and creativeagents for change’ (NSF, 2006)
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III

Otherwise, “they won’t share theirideas untilthey’re
A practical

sociologist, or control engineerinto yourspace at al
really developed forfearthat someone willsay you don’t really know whatyou’re doing
suggestion was givingaseminaron a project proposal before itis submitted.

III

Oneinterviewee with more extensive insights into the James Hutton Institute structures and procedures
commented onthe appraisal system. It should not be entirely driven by academicperformance but have a
mechanismin place thatallows interdisciplinary work to be recognised and promoted. “Otherwise people
will say well why should I do that?(...) ‘my appraisal lastyear| was told | had to publish another3 papers. Ifl
wantto get promoted that’s what|’ve gotto do that’s goingto be my prime focus. I’'mnot goingto go up to
Aberdeenandtalktoa group of social scientists about something that may or may notleadto researchin
the future, (...) it’s not going to progress my career.” Meeting expectations and targets setis determined by
the (limited) time available to do work. If staff are very busy fulfilling their (disciplinary) projects, they don’t
wantto take the time to talkinformally to colleagues or attend seminars that are not directly relevant to
theirwork. This reduces chances for communication and exchange that was recognised asimportant earlier.

Anotherpointraised was aboutinter-staff competition. “Probably the thing that works bestin terms of
engenderingareal interdisciplinary outlookistotry to find a way of minimising the sense of competition
withinthe Institute, withinthe grouping orthe institution.” How precisely this could be achieved was not
detailed.

The James Hutton Institute operates a matrix management system where staff are groupedinto one of five
Science Groups, but theirresearch belongsto one or several of seven Research Themes. The matrix structure
was viewed very positively by science group and theme leaders. The Executive was convinced that the matrix
breaks down disciplinary barriers. There was recognition among senior managers that staff need to fully
understand the matrix and be able to contribute across themes. Generally,the concept of themeswas seen
as good, and there were suggestions that the themes should be more fluid but still be able to pull people
intoa common area of research. Themes needed to be revisited at times and should be organicratherthan
contrived. The Executiverecognised that thematicratherthan group placement would be more difficult as
themes are more fluid than groups at the Institute. They also saw the Theme leaders as the guardians and
instigators of interdisciplinarity at the Institute,aview which was mirroredina commentfroman external
“The theme leaders cando a lot withintheirtheme of bringing peopletogether.”

Most senior managers perceived that the Executive is supportive of the concept of interdisciplinarity. There
was a perceptionthatinorderto increase levels of interdisciplinary working, it needed to be the ethos of all
the staff and not just senior management, ie it needed buy-in from all staff. The Aberdeen site was viewed
particularly positively and the predecessor Institute was said to have had an interdisciplinary culture dating
back from at least 1990s.

7.3 Staff survey results

There was strong support among survey respondents that good interpersonal communication (aresult of
good communication skills), acommon language, and ashared understanding of the problem are
prerequisitesfor productive interdisciplinary research (Figure 6; full statements 1,5, 6, 8, 12, 16, 17 and 18
inAnnex 1, Question 7). There was no disagreement with the statement that disciplinary experts are needed
inID teams, and 73.7% agreed that experience in different working environments is beneficial foran
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individual’s capacity for ID research. (56.6% of respondents have also worked outside academia.) A similar
level of agreement (72.4%) was evident forthe benefit of informalinteractions, such asin the canteen.

The only genderdifference we could find about attitudes to the role of communication wasin response to
statement 7 “Anybody can do interdisciplinary research regardless of their communication skills”. Here, a
greater percentage of women (74.3%) than that of men (39.5%) strongly disagreed or disagreed with this
statement. On all otherstatementsrelatingto communication (1, 5and 16), there was no difference
between malesandfemale respondents.

In the comments provided by some respondents, there was an emphasis on communication as an important
aspect of interdisciplinary research, but not the mostimportant one: “Interdisciplinary collaboration
requires more than anything the willingness to develop ashared understanding, thisis much more relyingon
willingness to step out of the disciplinary comfort zone than communication skills although the latter do help
they do NOT guarantee success and true interdisciplinarity.” The pointon open-mindedness was picked up
by several otherrespondents, e.g. “A more open, supportive and unassuming stance is more conducive to
interdisciplinary research.” There was also a recognition that “If someone isin theirsiloand doesn'twant to
come out they won't.”

In additionto the supportive conditions and skills expressed in the survey statements, respondents
recognised others such as “Support from line-managers and group leadersis essential to facilitate individuals
to undertake interdisciplinary research” and “there is so much pressure to be a specialist that time devoted
to crossingthe boundaries will probably be seen as a barrier.”
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Figure 6: Responses regarding supportive conditions and skills for interdisciplinary research (n=76)
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Interestingly, 47.4% of respondents were not sure whetherthe matrix management structure supports
interdisciplinary research, and 36.8% disagreed with the statement. This uncertaintyisin contrast to the
dominantly positive view of the matrix structure by theme and science group leaders and the senior
executive. One respondent commented “Matrix management has the potential to encourage MD but as an
institute we rarely 'mix up'the disciplines.” Note how MD (multidisciplinarity) is used even though 18
statements out of 19 used the term ‘interdisciplinary’ (and one ‘transdisciplinarity’) and most of the
questionsinthe surveyfocussed oninterdisciplinarity.

Other comments were critical of the matrix structure, butinrelationto management more generally: “I do
not believe that the matrix structure facilitates interdisciplinary collaboration. Thisisinlarge partdue to the
fact that managementin general is not effective enough.” Senior management were criticised for having
“erodedthe fine interdisciplinary traditions of both institutes through their mangled attempts at matrix
management.” There was evidence inthe comments that the matrix structure is unclear to some staff.

In additionto whatthe survey capturedin quantitative terms, respondents commented on the following
aspects of what ID research needs:

e consciousdecisionthatthe IDapproach isappropriate in each case;
e researcherswith
0 personalitiessuited to this approach;
0 appreciationand understanding of different disciplinesinvolved;
0 priorexperienceof workingacross disciplines and with non-academics;
0 diverse backgrounds, allowingfor ‘creativefriction’ within ID teams; and
0 abilitytorecognise others’ competences and theirown limitations;
e strongdisciplinary foundations as a basis
e goodleadership (including understanding of all disciplines involved);
e more development of theoryand methodto be robust;
e supportand encouragement from management (including new ways of measuring
individual/collective success, and allowing time forlinks to be made);
e |atitude to evolve through willingness to take part ratherthan be imposed;
e patience regarding publishing opportunities, recognising that these willincrease (and impact
increase) as ID research becomes more accepted by quality journals.

Several suggestions were made about how the Institute could support ID research. One comment stressed
that ID needs “an organisation with an appropriate time culture that recognises the uncertainty involvedin
thisapproach”. One suggestion for activities to support ‘mixing’ of staff was to hold annual cross theme and
group meetings. PhD students were seen to potentially be able to play a largerrole: “Why notlet PhD
students discover how theirwork might be related to overall JHI visions and how it can be strengthened by
interdisciplinary relations?”

e Overall, “itisimportantto create a '‘presence'forinterdisciplinary research inthe institute”.
Interdisciplinary research needs to be valued more, and incentives established to (also) work with
‘people downthe corridor’ as well as outside the Institute. This respondent also highlighted the
needtochange the fact that itis still seenas betterto be firstinstitute authorona paperthan the
twentieth, and that creditforwinning funds tendsto goto a single individual.
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One comment highlighted the difficulty of ‘gettingitright’ in developing disciplinary experts at the
same time as good interdisciplinary researchers: a more disciplinary arrangement of the core
research scientists is more conducive to the former; and while the current structure of
interdisciplinary themes, and indeed interdisciplinary groups, benefits the latter, it also separates

people with similarskills,thus reducing the opportunities for discussion and learning within
disciplines.
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8 How should we evaluate interdisciplinary research?

The literature about evaluating interdisciplinary research is still developing. End point evaluationisthe most
common form, and this has tended to measure outputs, at the expense of understanding the practices and
processes of interdisciplinary research.

The literature indicates that evaluation should be part of the research design, and should involve IDR teams
fromthe outset. Focusing on ongoingevaluation by research teams themselves allows forsocial learning
(also described as collective or collaborative learning) as the researchis carried out, and for adjusting of
processesthatare found to needimproving.

Such a focus may alsolead to discussions of knowledge exchange within the teamif communicationis seen
as lessthan optimal. Differentsets of criteriaare needed for (i) review of interdisciplinary research
proposals, and (ii) for evaluation (formative and summative) of the research. A lack of accepted indicators to
assessinterdisciplinary research quality meansthat the academicvalue of suchresearchis questioned.

Klein’s 2008 review of evaluation of interdisciplinary and transdisciplinary research found that evaluationis
‘one of the least-understood aspects’ (2008:116). She arguesthat there cannotbe a single, universally
applicable method forinter- and transdisciplinary research evaluation because of its context-specificand
multidimensional nature (2008:123). She also notesthat ‘readiness’ to undertake trans-and
interdisciplinary research depends on ‘antecedent conditions that are flexible enough to allow multiple
pathways of integration and collaboration’. Such readinessincludesthe construction of ‘epistemic
communities’ and the production of ‘new cultures of evidence’ (2008:117).

8.1 Approachesto evaluation of interdisciplinary research

Kleinarguesthat the complexity of interdisciplinary research, whichis ‘grounded in the philosophy of
constructivism’ needs more than traditional approaches to evaluation; that ‘appropriate evaluation is made,
not given’ (2008:122). She sets out seven genericprinciples, derived fromthe literature, which can usefully
frame thinking about evaluation across the differing contexts of both inter- and disciplinary research
approaches(2008:118-121):

1. Variability of goals, ie sensitivity to context and flexibility, recognising that criteriaand indicators of
quality will vary depending on the goals of the research.

2. Variability of criteria and indicators, ie recognising that conventional metrics of evaluation tend to
be disciplinary-based, and that criteriathat address experimental rigour, aesthetic quality, fit of
framework and data, and powerto investigate unsolved disciplinary questions are better suited to
inter-and transdisciplinary research evaluation.

3. Leveragingof integration, ie viewingintegration as the essence of these research approaches,
assessingthe quality of the process of linkingintellectualintegration and collaboration, including
assessment of antecedent conditions such as opportunities forcommunication, structural support,
and a transdisciplinary ethic.

4. Interaction of social and cognitive factors in collaboration, ie recognition that these research
approachesinvolve asocial process of knowledge production, with evaluation defined as
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5. ‘collaborativeand discursive learning process’ and communication and participation during the
research process as key aspects of evaluation.

6. Managementand coaching, ie assessment of organizational structures, leadership, and the
nurturing of integration during the research process.

7. lteration and transparency in a comprehensive system, ie recognition thatiterationis key for
collaboration and that non-linear evaluation models are needed to capture relationships between
research outcomes andresearchimpact.

8. Effectivenessandimpact,ie returningto principles 1and 2 on variability, recognising that
interdisciplinary research impacts are ‘often diffused, delayed intime, and dispersed across diverse
areas of study and patterns of citation practice’ (quoting Boix-Mansilla, 2006*'), and that many long
termimpacts are not predictable.

Lyall et al. (2013: 63) note that evaluation on completion of research programmes has tended to measure
outputs, at the expense of understanding the practices and processes of interdisciplinary research. End
pointevaluation also means thatthere are no meansto improve effectiveness and integration during the
course of the research.

They argue that ‘evaluation of interdisciplinary research urgently needs to be tailored more appropriately’
(2013:68), and cite a numberof authors whoindicate that the lack of accepted indicatorsto assess
interdisciplinary research quality means that the academicvalue of such researchis questioned. Lyall etal.
argue that criteriaare needed both forreview of interdisciplinary research proposals, and for evaluation
(formative and summative) of the research. Meagher(2012) used a case study approach to evaluate four
large-scale, longer term UK Research Council-funded research programmes costing between £18m and
£34.5m. Five key factors were identified for success of interdisciplinary research programmes:

1. Identification of the appropriate locus (orloci) of interdisciplinarity, and which level(s) should form
the main platform, eg programme or sub-programme level, based onthe bodies of knowledge
underpinning the research.

2. Consideration of how to achieve integration and coherence of the research, both atthe beginning of
the work and by including activities (supported by funders) to promote these throughout the
research period.

3. Selection of projectleaderswho are able to inspire team membersin this unconventional way of
working, and good use of external advisers.

4. Pro-active managementofthe researchtoensure that networks and capacity are built, with funders
recognisingthe need forthisand supporting this style of management.

5. Developmentof knowledge and increasingthe skills, competences, and abilities of researchers to
workin an interdisciplinary way to promote capacity in this approach, with funders taking steps to
ensure thatlearning frominterdisciplinary experiences becomes part of collective organisational
memories.

Box 1 gives more information about this evaluation, which is particularly interestingin its blending of
knowledge exchangeand interdisciplinarity evaluation, and ensuing recommendations.

*1 Boix-Mansilla V. Assessingexpertinterdisciplinary work atthe frontier: an empirical exploration. Research Evaluation
2006;15:17-29.
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Box 1: Institutional evaluations of interdisciplinary research
(Macro: institutional/ wider population level)

Dr. Laura R. Meagher, Technology Development Group (2012) Report Rural Economy and Land Use
Programme (Relu) Societal and EconomicImpact Evaluation (REFERENCE PS110020) ESRC,
http://www.relu.ac.uk/news/Evaluation.htm

‘Approach and Methods

Exploring Relu as an imaginative experiment to facilitate interdisciplinarity and knowledge exchange that can
fuel evidence-based policy and practice, this evaluation was grounded in a conceptual model which
considersresearchimpactto be a function of the interaction between the content of the research, the
context foritsapplication and the processes of userengagement. We have made use of the ESRC’s
Conceptual Framework for Impact Evaluation (ESRC 2011) and our own flows of knowledge conceptual
model (Meagheretal. 2008). We captured multiple types of impacts, as seenfrom notonly researcherbut
also stakeholder perspectives.’

‘Recommendations

1. Continue to collaborate across funding bodies to supportinterdisciplinary research initiatives with a
strong theme of Knowledge Exchangeand development of integrated solutions for complex problems. Take
deliberatestepsto ensure “organisational learning” and retention of lessons learned, to the benefit of
funders and, perhaps viamentoring, individuals establishinginitiativesin the future.’ (execs)

8.2 Measuring collaboration

Masse et al. (2008) identify collaborative processes as a key processinteam science, and their paper
provides toolsto measure these processes, particularly in cross-disciplinary research. Theyrelyon
Rosenfield’s 1992°% conception of transdisciplinarity collaboration as developing ‘shared conceptual
frameworks that not only integrate but also transcend the individual disciplinary perspectives represented
by various members of the research team’ (2008:152).

Masse et al. used theirearly stage evaluation of the US National Cancer Institute’s Transdisciplinary Tobacco
Use Research Centersto create and validate methods and metrics to assess collaboration and integration
withinthe centers, and to develop and assess a conceptual logicmodel that links the phases, processes and
outcomes of large team science initiatives. The logicmodel hasfive general ‘clusters’: collaboration;
communication; professional validation; scientificintegration; and health impacts (2008:152).

A researchersurveytoassess collaboration and integration was completed by 216 of the 234 eligible center
researchers. The survey used 23 items (all including 5-point, Likert-typeresponse formats) to assess
collaboration. These items had three broad factors: satisfaction with collaboration; impact of collaboration;
and trustand respectinthe collaborative context (2008:153). The surveyalsoincludedafurther15 items
(allincluding 5-point, Likert-typeresponse formats) to measure attitudes towards transdisciplinary research
(2008:154).

22 Rosenfield, P.L. (1992) The potential of transdisciplinary research for sustaining and extending linkages between the
health andsocial sciences.Soc Sci Med: 25:1343-57
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Results showed that higherlevels of satisfaction with collaboration were associated with positive views of
disciplinary integration and perceptions of institutional progress in new methods, science, models and
interventions. While Masse et al. validated theirmethods of measurement, they stress that linking these
measures to more tangible outcomes requires longitudinal research over one or more decades (2008:159).

8.3 Assessing how well interdisciplinary research is conceived and carried out

Derrick et al. (2011°%) note that the key measure of interdisciplinary research is ‘whether it solves the
problemsitsetoutto solve’, butsetout Ed Hackett’s four factors to measure whetherthe researchiswell-
conceivedand carried out (2011:36):

Intellectual, social, and technological capital;
Diversity in person and agreement on process;
Intensity and focus (including emotional energy); and
Duration (of intensity).

> w N e

Metrics recommended by Derrick et al. for institutional evaluation of interdisciplinary policy are (2011:37):
e How many collaboratorsdoesaperson have?
e What are theirfields?
e What fraction of a person’s publicationsis collaborative?
e How many new collaborations have been established over the past five years?

They also place much importance oninterim goals and periodicreview to ensure research progress
(2011:34).

Bammer (2008:5) seesthe benefits forresearch from research teams ‘thinking more systematically about
research collaborations’ as extending to evaluation. She relates the key activities of interdisciplinary
research —harnessing differences, setting defensible boundaries and gaining legitimate authorization—to
evaluation of research design, methods, results, and conclusions. Suggested evaluation questions include:

e Research design: How defensibleare the boundaries of the collaboration? Were all the necessary
actors and considerationsincluded? Were limitations dealt with effectively? Was the normative
base sound?

o Methods: Were effectiveintegrative methods used? Would other methods have made useful
contributions? Were incidental differences managed effectively ordid they getin the way of
producing successful outcomes? Were the collaborators treated fairly in terms of meeting their
interestsinthe collaboration andin the distribution of the rewards of the collaboration?

e Results: How well did the collaboration meetitsaims? Was effective integration achieved? Were
influential newinsights produced? Did effective action result?

e Conclusions: Canthe claims made by the researchers be substantiated? Hasresearchindependence
been compromised?

** Guidance produced from the results of the workshop “Science on FIRE: Facilitating Interdisciplinary Research and
Education,” held March 28-29,2011, hosted by the American Association for the Advancement of Science and the
Colorado Initiativein Molecular Biology of the University of Colorado, Boulder.
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8.4 Evaluation and learning by team members during and after the research process
Meso (group/team level)

Importance is also attached to reflection of the process by team members while the projectis ongoing, and
the learning experience derived from the collaboration. Pennington et al. (2008) use a collective learning
strategy model fromthe field of organizational learning, but recommend thata model forscience
collaborationsstill needs to be developed. Strategies are availablefromthe field of organizational learning,
but because of the difference between business and research environments, Pennington (2008)
recommends development of methods specifically for science collaborations.

Evaluation may often be carried out by people outwith the research team, but the literature also
recommends some form of evaluation by the team, and thisincludes reflection on theirwork both during
the work and after completion, and on the learning experience derived from the collaboration.

Pennington (2008) recommends Argyris and Shon’s (1996**) double-loop learning model for collaborations
across disciplines asacollective learning strategy. The model hastwo strands: the firstinvolves developing
the action strategy forthe group, which can then be evaluated during the research; the second involves
developingthe collective thinking strategy, ie the methods that the group uses to determine their
collaborative action, based on theirshared vision. Pennington emphasises that thisinitial vision is dynamic,
because of the nature of the research. The vision needsto be allowed to evolve on the basis of regularand
ongoing evaluation as the research progresses, to take account of emerging (unanticipated) changesin the
definition of the problem.

Pennington also stresses the need forfocus, commitment, and strong management; she warns thatitis
more difficult when collaborators are not geographically co-located. While virtual collaboration methods
may helpinteractions at a distance, she notesthatteam co-locationislikely to remain a powerful aspect of
interdisciplinary research.

8.5 Individuals’ contribution to evaluation and collective learning
(Micro / individual level)

Apart from stressing the importance of individual and team reflection on theirwork during the research
process, little is written about how individuals contribute to evaluation of interdisciplinary research.
Pennington et al. (2008) suggestthat collectivelearning needs regularreports of progress fromteam
members, and depends on constantly updating conceptual models. Evaluation literature indicates that
including researchers and also stakeholders in evaluation design and implementation enhances both the
research processesand the learning from the collaboration (Fazey et al., 2013).

A number of survey comments related to how ID research could be assessed. Suggestions included that the
context of when ID research does and does not work needs to be captured; the internal assessment process
should use metrics thatreflectinvestmentin IDresearch; and that cost/benefit assessment should be used
to measure value for money notjustinvestment.

24 Argyris, C. and Schon, D.A. (1996) Organizationallearningll:theory, method, and practice. Addison Wesley, Reading,
Mass. USA.
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9 Disadvantages of an interdisciplinary approach

Our literature review focused more on the positive messages about how to do interdisciplinary research
better, because we had reviewed the barriersto thisapproachinthe Institute’s Interdisciplinary Reading
Group (IRG) during 2011 (Morris et al., 2012). However, disadvantages of IDRwere discussedinthe
interviews, and asked aboutin the staff survey. Understanding the disadvantages and limitations of an
approach helpstoidentifywaystoaddressthem.

9.1 Interview results

The main disadvantages of an interdisciplinary approach identified by senior managers relate tothe time it
takesto getan interdisciplinary project started, and the costs associated with both getting a project going
and being part of a largerteam. Interdisciplinary teams are often instigated by bigfundersand mayinclude a
lot of external co-investigators, therefore costs and time of travel are increased. Issues about publishing
were alsoraised. Challenges for successfully publishing interdisciplinary work included the relatively low
impact factors of interdisciplinary journals, numbers of authors on papers, and difficulty in getting published
whenusingdifferentlanguages.

Anothersetof problems was raised about team working, which might relate to team workin general (e.g.
making sure that people are on board, managementissues, inclusion of everyone, building confidence in
early careerresearchers). There seemed to be a perception that these issues may be exacerbated in
interdisciplinary teamsasitis more likely that ontological and epistemological barriers will exist, which may
resultinteam members beingless likely to communicate with each other effectively orbeingable to
confidentlyairtheirviews. Other challenges were also voiced, such as people being ableto value other
points of views, or being able to listen orunderstand them, as well as the ability of different disciplines to
understand the robustness orvalidity of unfamiliar methodologies. Finally, there was arecognition that not
all questionsrequireto be answered usinganinterdisciplinary approach, and this should continueto be
understood at the Institute.

External interviewees expressed similar shortcomings and challenges. If you spend yourtime learning new
things—whichis what has to happenif a researcherengagesininterdisciplinary teams—you have less time
“focusingon the thingthat you can do best” such as delivering high impact disciplinary publications. This
interviewee suggested thatan ID researcheris likely to have a lower productivity: “ meanit
[interdisciplinary research] is characteristically a way of producing very significant outputs but probablyin
smallervolume, although there are by-products alongthe way (...) But the difficulties that can stem from
tryingto see part of the purpose of doingan interdisciplinary project as being hitting deliverables that are to
do with the measurement of academicperformance is areal challenge.” The second part of the quote hints
at the challenges of traditional measures of academicimpact which often do not capture the ‘by-products’ of
interdisciplinary research.

Two external interviewees commented on the balance to be struck between encouraging interdisciplinarity
and making sure that disciplines can develop the depth of knowledge. “We have to try to encourage an
environment which is accepting and encouraging of interdisciplinary approaches(...) But at the same time
we have to look afterthe health of the science base itself so you have to bringalong everybody to some
extentwith yousothere still hasto be opportunity forthe productive people who are notdoing
interdisciplinary science whenitis worth havingit.” This links to the question of whatkind of publication
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strategy should be pursued. Some interviewees were unsure whetheracademicjournals are best placed to
publishinterdisciplinary research because it does not fall neatly into certain boxes.

External interviewees also saw aneed fora “critical mass of scientistsin one discipline if you wantto be an
accepted authority onthat ... that science. You needthatso that you can share that kind of expert
knowledge between this critical body but also the training.” This respondent believed that training staff
internallyis best, in particularif the organisation is already recognised as having the most advanced
expertiseinaparticularfield. Because the number of total staff is limited, thereis atrade-off between how
many staff from different disciplines can be employed while still maintaining that critical massin one
discipline.

The differentvocabularies and terminologies usedin different disciplines were recognised as a challenge to
interdisciplinary working. One external interviewee expressed surprise that even between animal and plant
scientists there were misunderstandings, and said that the need to develop acommon language “did slow
things down at first.” Another can “imagine it could make a research projectlonger, there’s the hassle of
havingto deal with people from different disciplines makes it more complicated, makesitaharderprocess,
it can delayit.”

Interdisciplinary research projects wereseento be biggerthan disciplinary ones: “they require more people
doing more things, puttingin more structures and so on in place to make itall work.” This was recognised to
have cost implications, in one case referred to as ‘frictional costs’, brought about because time is needed for
relationship buildingand “everything goes a bitslowerbecause you’vegot to talk to one anotherall the
time, if you get beyond a certain point you may be talking about needingaproject manager.”
Interdisciplinary working can also “take longerbecause you’re looking at more complex solutions(...) you
potentially have people talking somewhat different languages. (...) [and] you may have a lot of negotiating
to do to evenreach the start pointona particular piece of work. (...) all of these things cost moneyinvarious
ways so doingyourwork effectively on aninterdisciplinary basisis potentiallygoingto be more expensive.”

In summary, the interviews highlighted that we need to acknowledge that:

e itisnot necessaryforall workto beinterdisciplinary—some ‘in-depth’ questions are better
answered by disciplinary teams orindividuals;

e teamsneedtobe nurturedtodevelopinterdisciplinarity - beingaware thatitisimportantto value
others’ opinions, make everyone feel comfortable, allow more time forthe project to be developed
etc. —will aidthis; and

e involvementininterdisciplinary teams needsto be consideredin careerevaluations, andteam
leaders needtoallow early careerresearchers to be able to publish to help develop theirown
careers.
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9.2 Staffsurvey results

A number of statements provided in the survey questionnaire (3, 11, 14 and 15) aimed to capture staff
perceptions of challenges or barriersto ID research (full statementsin Annex 1, Question 7). 64.5% of
respondents agreed thatteamworkin IDteamsis more challenging, and 57.9% agreed that this type of
research requires more time than disciplinary work. Similarly, 59.2% agreed thatleading disciplinary
researchiseasierthan for interdisciplinary work, and 63.2% thought that disciplinary expertiseis more easily
valued. These results reflecta considerable convergence of opinions, and an awareness of issues related to
interdisciplinary research.

Respondents’ comments also showed theirawareness of issues associated with interdisciplinary research, in
particularwith regard to publishing and ultimately career evaluation and progression.

Commentsincluded:
e Forcingpeople toworkinterdisciplinarily may be counterproductive and demotivating
e Notall researchers have the attitudes/skills needed for ID research
e [tisharderto produce well-reviewed journal papers frominterdisciplinary work than disciplinary
work
e Dissemination of IDresearchis more time consumingand demandingthan fordisciplinary research
o |Dresearchdoesnotsit sowell within current careerstructures foracademics

e Current publishing culture rewards disciplinary more thaninterdisciplinary researchers.

A furtherset of barriers was identified at the institute level. Survey respondents emphasised that there is
already a lot of ID research being undertaken at the Institute. Nevertheless, anumber of comments were
made regardingbarrierstointerdisciplinary research. Theseare in addition to barriers at the individual and
teamlevel reportedinthe previous paragraph.

Some commentsindicated thatthere are not enough activities to supportinterdisciplinary research atthe
Institute; forexample, there was disappointment that the Hutton gathering appeared as a one-off. The
recent (enforced) lab and office moves (referring to autumn 2013) hindered interdisciplinary work and
wasted time. The design of research plans (referring to ecosystem services research)is seen to “separate out
WPs into distinct sectors/disciplines” and as not conducive to interdisciplinary research. A furthercomment
criticised “the 'whois paying foryourtime' mantra that still seems to be expressed alot” as very damaging
because itstifles “the very serendipitous connections between people/projects that an 'interdisciplinary
culture'should be tryingto foster.” Management structures were seen by some respondents as facilitating
more hierarchical workplace interactions that create difficulties in accessing resources from otherdisciplines
when needed. Organisational structures were also seen by some respondents to reproduce disciplinary
barriers.
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10 Survey of James Hutton Institute staff: additional results

10.1 Who responded to the survey?

There were a total of 81 responsesto the survey. Five questionnaire respondents who did not reach the final
page of the online survey were notincludedin the analysis. Amongst respondents who reached the end of
the survey, some left blankfields, but these respondents were not removed fromthe sample in orderto
obtain as much information as possible. Thisis why the results show different sample sizes for each of the
separate analyses.

The pool of respondents (Figure 7) covered a broad range of ages, with the majority between 40and 49
yearsold (34.2%). There were slightly more menin the sample (52.0%).

All science groups within the Institute were represented and we included BioSS as ascience group inthe
analyses) (Figure 8). Social, economicand geographical scientist respondents were most strongly
represented, which mightindicate a disciplinary affiliation to the topic, oropenness to interdisciplinary work
or that social scientists are more likely to complete surveys. However, this result could also be linked to the
fact that three of the five DICE researchers are from this group, so possibly SEGS staff had greatest
awareness of the survey within the Institute.

B female male
30
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12
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10
6
7
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20-29 30-39 40-49 50-59 60+ Blank

Figure 7: Age and gender of respondents (n=76)
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10.2 How representative is the survey of the wider Institute staff?

Figure 8 shows the total number of staff>* excluding PhD students of each science group, and the number of
staff who completed the survey (n=76). Accordingto these figures, the survey had aresponse rate of 20.0 %.

Due to the small sample size and the unbalanced share of respondents per group (55.6% of SEGS compared
to 10.4% of Cell and MolecularSciences), we acknowledge that the survey results should not be treated as
representative of the wholeInstitute. Results may be biased due to self-selection of respondents, ie we may
ass e that the sampleincludes those peoplewho feelmost strongly (positively or negatively) about
interdisciplinary research and wanted to express their opinion, and that staff involved in IDR may have been
more likely to respond. These assumptions are supported by the free text responses and the responses to
the question on what share of people’sworkisinterdisciplinary (Figure 9).
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Figure 8: Number of staff in James Hutton Institute groups compared with number of survey respondents
(n=76)

2% s of 2013, provided inthe ACS review documents of the fivesciencegroups; the figure for BioSSincludes the 11
non-admin members of BioSS based at the James Hutton Institute’s Aberdeen and Dundee sites as stated on the BioSS
website.
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10.3 What isthe ‘level’ of interdisciplinarity in the Institute?

The majority of respondents (84.2%) currently work with others on interdisciplinary projects or have had
such experience in the past. Of this percentage, 62.5% reported that theirinterdisciplinary experience
combined natural and social science methodologies or approaches. However, this figure increases if the
definitionis not confined to cooperation amongonly social and natural scientists butalsoincludes, for
example, information and computational sciences.

We found no association between interdisciplinary working and age, gender, ortime worked at the Institute
(formore details see Annex 4).

Regardingthe proportion of interdisciplinary to disciplinary working, there appears to be a divide with 32.9%
of respondents spendingless than half or none of theirtime on ID work, and 31.6% spending more than half
of or all of theirtime oninterdisciplinary work (Figure 9). There is no strong association between time
worked at the Institute and responses to this question. 17.1% of the respondents did not reply to this
question which might be reflecting a difficultyin identifying interdisciplinarity when it comes to practice. *®

25
20
15
Count
13
10 —
| . i
0 .
none less than half more than all blank
half half

Figure 9: At present, approximately what share of your work (referring to time worked) is of an
interdisciplinary nature? (n=76)

When asked whetherthe extent of respondents’ involvementin interdisciplinary research had changed
duringtheirtime atthe Institute, 36.8% stated that ithad remained constant overtime. 27.6% had become
more involvedininterdisciplinary research, and 10.5% were less involved now thanin the past (Figure 10).

%% Note the following contradictory responses:four participants responded ‘None’ to this question (question 4), while
12 reported not havingexperience in workingon interdisciplinary projects (question 2).
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Figure 10: Involvementininterdisciplinary research over time (n=76)

This pattern was consistent across the different ranges of years respondents have worked at the Institute,
except for those who had less than 1 year of service, or between 8-9 years of service, who mainly reported
that their involvement had increased, and those having between 25-29 years of service, where one
respondent reported that their share of IDR had been constant, while the other reported less involvement
overtime.

The figures and respondents’ assessments reported in this section need to be seeninthe context of their
understanding of interdisciplinarity. This understanding varied widely among staff, as shownin the following
section.
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Figure 11: Responses to statements capturing challenges and barriers to ID research (n=76)
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10.4 Comments on interdisciplinarity at the Institute

This section summarises the commentsfromthe free text box at the end of the DICE survey questionnaire,
plus two written comments received by the DICE team separately. Of the total number of survey
respondents, 35 made free text comments. Four of these just said ‘no further comments’ sothese 4are not
includedinthe analysis. Therefore, 31 comments from the questionnaire plus two additional comments
received separately have been analysed (n=33) and the content categorisedin five groups. Note that some
responses covered more than one category (4). The characteristics (age, gender) of the respondents who
provided comments are included in Annex3.

Table 6: Comments by category (n=44)

Comments made by category a4
Aboutinterdisciplinary research 17
Institute related 13
Surveyrelated 8
DICE related 2
Additional personal information 3

The comments are summarised (paraphrased) by category toillustrate the points raised by the respondents.
We have omitted reporting on comments relating to the survey itself but have noted these to considerfor
any similarsurveyinthe future, and have responded to some concerns raised in section 2. We also do not
report on additional personalinformation and DICE-related comments but took note of the suggestions
made. Comments relating to the matrix management structure are includedin section 7 on supportive
conditions.

10.5 Conclusions

Results of the DICE survey of James Hutton Institute staff should not be treated as representative of the
whole Institute. Nevertheless, asnapshot of interdisciplinary research at the Institute emerges fromthe
findings, with survey responses showing diverse understandings of interdisciplinarity. The majority of
respondents (59%) understand interdisciplinarity to be research thatintegrates different disciplines working
towards a jointly setobjective, ratherthan workingindependently underathematicumbrella, and not
(necessarily) involving non-academic participants.

These different understandings greatlyinfluence the assessment of how much of theirresearch individuals
wouldlabel asinterdisciplinary. In orderto capture ‘levels’ of interdisciplinarity within the Institute, we
recommend the Institute adopts aworking definition of interdisciplinarity that acknowledges its different
forms (broad and narrow), supported by a list of example disciplines. We argue that any attempt at
‘measuring’ levels of interdisciplinary research at the Institute would produce a more accurate picture if all
staff and managers used the same definition.

Based on such a shared definition, we recommend repeating the survey atregularintervals (e.g. several
years) and to include the same questions every time, including:

- currentor pastwork oninterdisciplinary projects;
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- combinations of natural and social science methodologies orapproaches, potentially expanding to
combinations with information and computational sciences;

- share of work (referring to time worked) with an interdisciplinary nature; and

- extentofinvolvementininterdisciplinary research since the last survey.

We found thatyoungerrespondents tended to have less experience of workingininterdisciplinary projects.
Our findings do not reveal why that might be the case. A plausible explanation is that they have mainly
worked ontheir PhD project whichis an individual undertaking that does notlend itself to interdisciplinary
collaboration.

There is considerable awareness of the challenges and benefits of interdisciplinary research among survey
respondents, along with the personal attitudes, skills, and wider conditions needed to support this type of
research. Although we cannot claim thatthe survey is representative of all Institute staff, we believethere is
enormous potentialand support forinterdisciplinary research, evidenced by the dataon how many people
have beeninvolvedin narrow or broad interdisciplinary projects recently.
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11 Developing acomprehensive framework for interdisciplinary research

A substantial body of work from different academicspheres has been developed, revealing insightsinto
interdisciplinary research (IDR). Howeverthe literature shows that there is no overarching theoretical
framework forthe study of IDR, itsimplementation, orits effectiveness. Asyet, there is nowidely agreed
theoretical basisforIDR, although there isincreasinginterestin this type of research, and more research
that claims to exemplify this approach. Ourreview included Bammer’s approach to constructing such a
framework to underpin high quality IDR.

Increasingly, insights on interdisciplinary research are being provided by arange of different perspectives.
Bammer (2013a:4) lists what she calls ‘related approaches’: post-normal science; systemicintervention;
integrated assessment; sustainability science; team science; mode 2; and action research. She notes,
however, thatthese various approaches rarely adopt definitions of interdisciplinarity from the theoretical
literature, and don’t generally learn from each other’s work.

Bammer (2013a:3) arguesthat interdisciplinary research tends to be marginalized by academia, despite the
increasing advocacy of its use to address social and environmental problems. Thisis largely due to the
fragmented nature of the field, which means thatinsights are not widelyshared ordoc ented, and cannot be
systematically builton. She furtherarguesthatthere isno comprehensive guidance forinterdisciplinary
researchers on how to make fundamental decisions about which disciplines should be included in the
research, how each disciplineshould contribute to the work, and how to integrate findings from different
disciplinary approaches and methods.

Bammer (2013a:4), however, believes that sufficient levels of experience and conceptual development now
existto begintoreformulate thinking about whatinterdisciplinarity actually is, and to develop ways of
conductingthis research. Connections can be made across different areas of studies (eghealth/
environment studies) to give new insights into useful theories and methods, and progress made by linking
theoretical and practical developments.

Bammer (2013a:5) develops acomprehensive framework forinterdisciplinary research on ‘complexreal-
world problems’. It addresses current fragmented and unorganised fields by:

e Buildingonboththeoretical and experiential developments arising from the various interdisciplinary
approaches;

e Enablingwidespread and substantial exchange of interdisciplinary ideas and methods; and

e Collectingand evaluating these methodologies.

Framework developmentis based on 4 arguments, that:

1. Aspecificfocusis neededtoencompassthe variety of termsand meanings usedinthe field; thisis
to be on ‘research thatinvolves experts from multiple, diverse disciplines working togetheron a
complex real-world problem.
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2. Thereisno single bestapproach tosuch research; multiple options are available and these can be
viewed as a specificresearch style- ‘integrative applied research’.

3. Thereisa newdiscipline of Integration and Implementation Sciences (12S) which allows for effective
doc entingand sharing of concepts and methods forintegrative applied research.

4. Relevantmaterial can be obtained from myriad research projects but thiswould be too time-cons
ing giventhe urgency of current socio-environmental problems. Progressinintegrative applied
research should be viaa new ‘BigScience’ project, such asthe H an Genome and Manhattan
Projects-al2S Development Drive.

In brief, Bammer’s framework starts with the three domains she identifies as characterising the integrative
applied research approach and the discipline of 125 (2013a:15):

e Synthesisof disciplinary and stakeholder knowledge;
o Understandingand managing of diverse unknowns; and
e Provision of integrated research forchange in policy and practice.

Furtherdrillingdown inthese threedomains leads to the five question framework she proposes (2013a:21):

1. Whatisthe integrative applied research aimingto achieve and whoisintended to benefit?

2. Whatisthe integrative applied research dealing with- thatis, which knowledgeis synthesised,
unknowns considered and aspects of policy targeted?

3. How istheintegrative applied research undertaken (the knowledge synthesised, diverse unknowns

understood and managed, and integrated research support provided), by whom and when?
4. What circumstances mightinfluence the integrative applied research?

5. Whatisthe resultof the integrative applied research?
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12 DICE recommendations

Our findings were synthesised in the form of recommendations for the Institute, grouped into fourareas.
Our findings highlighted the crucial role of effective and efficient communication for IDR and thisislinked to

and important forall of the fourareas.

1.

2.

3.

Interdisciplinary research needs longerto plan and do. This needs to be recognisedin project work
plansand costings, including the extratime needed forarriving atashared understanding of the
problem and potential solutions, developingacommon language, and training team members who
are notexperienced ininterdisciplinary working.

Thereisa needto enhance opportunities fordiscussion and sharing of experience and knowledge,
both formal and informal:

a. Formally, the format of existing Institute seminars needs to be reviewed to assess if they are
supporting IDR, and improved. More discussion time (rather than pure presentations) would
allow more knowledge sharing, initial projectideas should be presented to get feedback
from otherdisciplines, and lessons from good interdisciplinary projects could be shared. In
addition, retreats, crucible-style events, whole Institute events (gatherings) and knowledge
exchange events with keystakeholders would supportinternaland externalknowledge
exchange

b. Informally, sharing of experience could be enhanced by improving physical spaces, and
creatively providing opportunities for socialisingand discussions

The Institute’s management structure and processes need to better support IDR:

a. Clearincentivesandrewardsfordoinginterdisciplinary research from senior managersand
the Executive

b. Periodical reviews of the structure and operation of the Hutton matrix

c. Developingindicatorsfor monitoring IDR, beyond the currently-used distinction of social and
natural sciences, including working with funders on appropriate indicators and capturing by-
products of IDR

d. An effective and efficientinformation system that harnesses existing technologies would
allow staff to see currentand previous projects carried outin the Institute

e. Developmentandtrainingopportunitiestoincrease skillsin IDR, including work shadowing,
and practice ininterdisciplinary teams, in particular forthe next generation of IDR leaders

4. There needstobe greaterawareness thatinterdisciplinarity is dependent on projectdesignand

projectleadership/ management. Individuals’ capacity to reviewinterdisciplinary proposals, projects
and manuscripts needs to be developed, possiblythrough discussions with colleagues or specific
training. There is scope to deliver more effective interdisciplinary research if proposals for large
funding bids (such asthe 5 year Scottish Government Strategic Research Programme) are carefully
designed to meetthis goal, and more than one principal investigator established for projects where
appropriate. Atteamlevel, leaders need to agree team roles, research themes, and communication
processesto helpthe team gain clarity. Individuals, in turn, need to be assertive about theirneeds
and resources to fulfil theirroles.
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Annex 1: Questionnaire for survey of JHI research staff

Are you a member of staff at the James Hutton Institute
O yes
O no

Which of the following statements comes closest to your understanding of interdisciplinary

research? (choose one of the following answers)

(O Research thatinvolves different disciplines working towards a number of objectives underone
thematicumbrella

(O Research thatintegrates different disciplines, working towards ajointly set objective

(O Research thatintegrates different disciplines and non-academic participants, working towards a
jointly setobjective

Have you experience of working with others on interdisciplinary projects now or in the past?
O vyes - go to question3
O no - skipto question?7

Have any of these interdisciplinary projects combined natural and social science methodologies or
approaches?

O vyes
O no

At present, approximately what proportion of your work (referring to time worked) is of an
interdisciplinary nature? (Choose one of the following answers)
none less than half half more than half all

O O O O O

During your time at the Institute, has the extent of your involvementininterdisciplinary research
changed? (Choose one of the following answers)
(O more now than inthe past

(O ithas been constantovertime
(O lessnowthaninthe past
(O notapplicable

For the most recentinterdisciplinary project that you have worked on, what is/was its topic?

For the most recentinterdisciplinary project that you have worked on, what disciplines were
involved?
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7. Here are some statements about interdisciplinary research, with which you may or may not agree.
Please indicate the extentto which you agree or disagree with each of the following statements.
; | neither ; |
strongly agree agree nor disagree s'rong y
agree . disagree
disagree
1) Good interpersonal communicationisvitalfor O O O O O

productive interdisciplinary research.

2) Multidisciplinarity and interdisciplinarity mean the
same thing.

3) Teamwork is more challengingininterdisciplinary
projects, compared to disciplinary projects.

4) Interdisciplinaryresearch usually has less scientific
depth.

5) Interdisciplinary research does not require everyone
to have a common language.

6) Workingin different work environments enhances
the individual’s capacity for interdisciplinary
research.

7) Any complex problem facingsociety today requires
interdisciplinary research.

8) Anybody cando interdisciplinaryresearchregardless
of their communication skills.

9) Non-academics need to be involved from the
beginningto make research transdisciplinary.

10) Interdisciplinaryresearchisnotnecessaryto address
less complex environmental problems.

11) Interdisciplinaryresearch projects require more time
than disciplinary research projects

12) Interdisciplinary teams requiresome disciplinary
experts

13) Through interdisciplinaryresearch, we canincrease
the validity of results.

14) Disciplinaryresearch expertiseis more easily valued
in career evaluations thaninterdisciplinary expertise

15) Leading disciplinaryresearch compared to
interdisciplinaryresearchiseasier

16) Arrivingata shared understanding of the problemiis
crucialininterdisciplinary research

17) Informalinteractions (e.g. inthe canteen) actasa
catalysttointerdisciplinaryresearch

18) The matrix management structure supports
interdisciplinary research

19) Interdisciplinaryresearch has the potential to

produce more multifaceted and diverseoutputs than
disciplinaryresearch

O O O o o o o o o o o o o O O o o O
O O O o o o o o o o o o o O OO o o o
O O O o O o o o o o o o o O O o o o
O o0 O o o o o o o o o o o O O o o O
O O O o O o o o o o o o o O O o o O
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8. Can you think of anything that has improved your ability to do interdisciplinary research?
O no

(O yes > 8a. If yes, what? (e.g. any particular experience, or type of support)?

And lastly, a few questions about your background and work environment, as various personal and
professional experiences are sometimes thought to influence attitudes to interdisciplinarity. We would
very much appreciate if you would answer all the questions. These data are collected solely foranalysis
purposes, and no information will be personallyidentifiable.

9a. Weare interestedinyour disciplinary background as well as your current expertise.
a) In which disciplines did you earn your qualifications (degrees)?

Bachelor-level qualification(s):

Master-level qualification(s):

Doctoral-level qualification(s):

9b. To which disciplinary area(s) would you allocate your current scientificexpertise?

10. Have you always worked in academia? (excluding part-time jobs during studies)

Oyes Ono
11  How long have you worked at the James Hutton Institute (inyears)? [range of selection given]

12. WhichJames Hutton Institute Science Group do you work in? (choose one of the following answers)
(O Celland MolecularSciences
(O Environmental and Biochemical Sciences
(O Ecological Sciences
(O Information and Computational Sciences
(O Social, Economicand Geographical Sciences
(O Other:

13. Have you worked in projects involving staff from the following Science Groups within the
Institute?(please tick as many as apply)

Cell and Molecular Sciences

Ecological Sciences

Environmentaland Biochemical Sciences

Information and Computational Sciences

Social Economicand Geographical Sciences

OO000O
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14. WhichInstitute themes and centres are you affiliated with? (Check any thatapply)
(O Safeguarding Natural Capital
(O Enhancing Crop Productivity and Utilisation
(O Delivering Sustainable Production Systems
(O Controlling Weeds, Pests and Diseases
(O Managing Catchments and Coasts
(O RealisingLand’s Potential
(O Nurturing Vibrantand Low Carbon Communities
(O CREW

O cxc

O EPIC
(O Other:

15. Pleaseindicate your age group

(020-29 (O30-39 (O 40-49 (0O 50-59 O 60+ (O Other
16. Pleaseindicate your gender
O male
(O female
17. Do you have any other comments on the topicof the survey?
Thankyou!
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Annex 2: DICE working definition of interdisciplinarity
In order to capture the understandings of interdisciplinarity among staff, we developed three answer

options based on an overview of research concepts: disciplinarity, multidisciplinarity, interdisciplinarity, and
transdisciplinarity developed by Tress et al. (2004, p484).

Disciplinarity

O O
Within one academic discipline T T
Disciplinary goal sefting
No cooperation with other disciplines . .
Development of new disciplinary
knowledge and theory
Multidisciplinarity @ =0 rFassseceececaae- .

H
Multiple disciplines T i
Multiple disciplinary goal seting under one
thematic umbrella
Loose cooperation of dsciplines for

exchange of knowledge
Disciplinary theory development

Interdisciplinarity

Crosses disciplinary boundanes
Common goal setting
Integration of disciplines

Development of integrated knowledge and
theory

Transdisciplinarity

Crosses disciplinary and
scentific/academic boundaries

Common goal-setting

Integration of disciplines and non-
academic participants

Development of integrated knowledge and
theory among science and society

discipline

non-academic particpants
goal of a research project
movement towards goal
cooperation

integration

thematic umbrella femamand

academic knowledge body

non-academic knowledge body C

[Hoes
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Annex 3: Methodology for analysing broad and narrow interdisciplinarity

Interdisciplinarity is defined differently by different people. Responses to the question of which disciplines a
recentinterdisciplinary project combined showed awide variety of disciplines and domains to which these
disciplines could be allocated. We therefore decided to distinguish between broad and narrow
interdisciplinarity.

For the analysis of broad and narrow interdisciplinarity, two researchersinthe DICEteamindependently
classified the disciplinary background of individuals, as wellas the disciplinesinvolvedin arecent
interdisciplinary project as provided by the respondent. Our definition of broad interdisciplinarity referred to
projects thatinvolved acombination of atleast two domains. Our domains were: social sciences; natural
sciences; information and computational sciences; humanities; and statistics. We classified bioinformatics as
an interdisciplinary science inits own right (although notadomain). Engineering was not classified as a
natural science, butif that discipline cooperated with natural sciences we classified it as narrow
interdisciplinarity; if engineering cooperated with social science orinformation and computational science
we classified it as broad.

We also made the following assumptions:

e ‘Modelling’isatool ratherthan a discipline, butifitwasinvolvedinaprojectwe classifieditasa
broad ID project (exceptif the only other disciplineinvolved was information and computational
sciences);

e ‘Remote sensing’, ‘mapping’,” and ‘GIS’ we defined as parts of information and computational
sciences;

e ‘law’and ‘education studies’ we defined as social science.
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Annex 4: Age and Gender of respondents who provided comments on
interdisciplinarity in the survey

Table 4.1: Respondent characteristics for free textresponses (n=33)

Sex Number (%)
Male 18 55
Female 14 42
Not provided 1 3
Age group

20-29 5 15
30-39 8 24
40-49 10 30
50-59 7 21
60+ 0 0
Not provided 3 9

Note: % do not sumto 100 due to rounding
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Annex 5: Assessing association between selected variables

Overall, there is no pattern of association between independent variables such as age, gender, and the time
worked at the Institute with dependent variables such as how respondents understand interdisciplinarity,
the level of experience of interdisciplinary working, whether they combined social and natural science
approaches, and what proportion of the work carried out is of an interdisciplinary nature. This annex reports
selected findings.

1. Age and definition of interdisciplinarity

Definition of interdisciplinarity (according to explanation in section 4.3)

100%
90%
80%
70%
60%

% 50%
40%
30%
20%
10%

0%

20-29 30-39 40-49 50-59

M Blank

M Transdiciplinarity

m Interdisciplinarity

m Multidisciplinarity

e Intheage group under 39 respondents gave blank responses.

o The highestproportion of respondents with an understanding of IDR that matched Tress et al.’s
(2004) definition of interdisciplinarity was foundin the age group 20-29.

e Theage group 60+ does not consider multidisciplinarity as an option (but note there were only two
responsesinthisage group).

2. Age and experience of interdisciplinary projects

All respondents from the age group 60+ reported experience ininterdisciplinary projects, while a half-half
splitisfound for20-29 yearsold. Inferences would need to be carefully made given the unbalanced
representativity of each of the groups (e.g., 2 only in 60+).
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100%
90%
80%
70%
60%

% 50%
40%
30%
20%
10%

0%

M no experience
W experience

20-29 30-39 40-49 50-59

3. Age and experience in projects combining natural and social sciences

Of those respondents that reported having worked on IDR projects, a majority had combined natural and
social sciencesinthose projects. The age group 60+ is an exception; here respondents had not combined

social and natural sciences.

100%
90%
80%
70%
60%

% 50%
40%
30%
20%
10%

0%

¥ not combined
B combined natural and
social science

20-29 30-39 40-49 50-59 0+

4. Age and proportion of interdisciplinary work at present

No strongrelationship or clear pattern could be found

5. Time worked at the Institute and definition of IDR

e Inthegroup of respondents who have worked at the Institute less than 7 years there are blank

responses.
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e Forrespondents who have worked atthe Institute under 19 years, there are cases of havingan

understanding of interdisciplinarity that matched Tress et al.’s (2004) definition of

multidisciplinarity.

e Respondentsinthe groupthathas worked for more than 20 years at the JHI selected eitherthe
inter- orthe transdisciplinary definitions

Time worked Multi- Inter- Trans- Blank Total
at the Institute | disciplinary disciplinary disciplinary
<1 2 6 4 2 14
1-3 5 10 3 0 18
4-7 3 10 2 1 16
8-9 1 6 0 0 7
10-14 0 5 2 0 7
15-19 1 2 1 0 4
20.24 0 4 2 0 6
25-29 0 1 1 0 2
30+ 0 1 1 0 2
Total 12 45 16 3 76
100%

90%

80%

70%

60% M Blank

Count 50% -

40% -

30% -

20% -

10% -

0% -
<1

1-3

8-9 10-14 15-19 20-24 25-29 30+

 Transdisciplinary
= Interdisciplinary

B Multidisciplinary

6. Time worked at the Institute and experience of IDR

There appearsto be a trend of more experience with IDRin those groups that have worked at the

Institute longer.

Q2 Experience | No experience | Total
<1 10 4 14
1-3 15 3 18
4-7 14 2 16
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8-9 5 2 7
10-14 7 0 7
15-19 4 0 4
20.24 5 1 6
25-29 2 0 2
30+ 2 0 2
Total 64 12 76

100% -
90% -
80% -
70% -
60% -

% 50% - M no experience
40% - m experience
30% -

20% -
10% -
0% -

8-9 10-14 15-19 20-24 25-29 0+

7. Gender

Genderhadno influence oninterdisciplinary working. Using Fisher’s exact test, no association between
genderandthe followingvariables could be established:

e experience working oninterdisciplinary projects (81.6% of the malesand 85.7% of the females)

e reporting projectsthatcombined natural and social science (47.4% of the males and 54.3% of the
females)

e Proportion of work with an interdisciplinary nature

e Changeovertimeinthe extentof involvementininterdisciplinary research
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Annex 6: Conceptual framework for the literature review
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