UiT

THE ARCTIC Faculty of Biosciences, Fisheries and Economics
UNIVERSITY The Norwegian College of Fishery Science
OF NORWAY

Towards a Framework to Guide and Facilitate
Interdisciplinary Social-Ecological System Research
in Practice

Charlotte Teresa Weber
A dissertation for the degree of Philosophiae Doctor — February 2019

PILTL LT LLE 0L L L d L d L b a1 i 8080008 RERERERERERERIRD KL RS KR LKL KL CL AL LTI I I I
NN NN YR N RN N RR R NN N NR NN R NN R RN NA RN RN N RA RN NN RN

N NN VAR YR YR YRR YAVAYAVAVAUAYAVACACAVACACACACAUAUARATAEACAUA A RN
NN NN NN NN DR VDN AR NARRNANANARANANARANA NANARNARANARARANANABARANNANNENEN
LL1PTTHLirnniriritiitiiiileltlill AIRTRI BRIV R AL ALY L T T TP I I I DI I I I I TY
R RN AR RN R AR R RN R RN N RO NANANAND RANARANARARANANI NI Y
F111000000000000001itieiiiiiiieillid TRIRIRIRI AL IR IR LTI 1111/ / (I I {
1riereiili RN RN RN R R R AR RN RN AN AN RARA NN RN RARANANA] ! it r
LELETEPEEETEnetieiiiliiiiinnrtiliiil Kikl IRSANANRSARANANANAS VRN RARANANA {
11iirii / FET TVETLRTRIRTRIRIRerieivieirinineviveiieeyi A / "ril

EETTTRRET I A aE T iiiiaiiiiiiiiis I iy IVIINey DD LLDLLLLLLLLLLT
PERETTIRERTT 00T i it adiiitaed MKIRIRIRIRIRIRL KA RL LRI QL LICILL LTI I IN DI I 1Y
o N NN LLnLLLDLLLDLOLLLLIL
PIRRTITTETET T EI T T aaiiiadiiiiid AN RIRI NIRRT NIRRT LA AT QI LI QLTI I I I I T
' RN NN NN DLRLLLnLLLLL DL LG
FORETEREETITEEE IR i aiiiiaaiiaadds MMMV KIRI NIRRT IR I A QI LTI I I I I I I 1Y

LLLETOTIELETEE LT T LT T 1000000077 ‘I,IIvII"II“III_Il,I'III, DR NNHDDDDLLR LI

7 reinee 4 111eeis e 111t KRR RE R R RN AARERERRRE ' L 1100041 ieieTi
FORRROERRRQRRERTRERERRREROT QORI RIRO NI I I I I I I I I e e

ARG TRURETR RN ETRRRRRRaaad Q0000000000 000000000000000000000000000 000000000 000000000000 000000000011
TRORRTREERRIERERRRRRERIees QAR 000000 00 0 AP I I I I I I I I I T aagrenere e ne
Qisabedeeiesiiieinie QRORGRG200000000000000000000000000000000000000000000QRQRQaRiQRQOiieeri
J [ J QARLDIRGD00 00000000000 0000 RPINANANININIININI IR nener

"ARRRRRRRIRRNRRRNINN lll'lil'llltl'l'l,
FRORRORAQURRBRRENEIEE NIV ;

J9400 ! 14848 ! |7} RIRIRIRARN W0
L L ] T A LTI Y YY) YA N Y Y Y Y F g T v g X T T T L T
AR NRRINNy QURORNRNTNRIRNEANNRNRARNRARNRARARARARARARIRARIRAQNRNRIRIND TSI LIS
CaaaRaRaaaNg 'lllll'lllll'I'l'l'I'lIl'l'l'l"l'l'l'."'.lll'l'l"_l"l""lQl'_l'l"l'l'l'_l:l;l LY

: ‘ NORGRINININ. L U L L &
4 RN SIRARARNRNRARIRARARIRARAGARARARIRARARIRARIRIRAQIIRARIRITIQIRIRNANRNRNRNANA
vasaaaaant ll'lll'l'lll'lll'l'l'l'lll'l'llllll_l'l'l'l"l'l"l'l'l'l'l"l'l.llll"ll"'"'l'l"'lll'l'l.".

JA8000508.
R /7. 7 T T T QT 7 7 T T 2O P 2 2 7 7 7 2 2 2O 2 2 e v v Yo 2 2 2 e e e YO X X2 2 T I I I I 2
INGRANEl SENQNRNCNRIRIBNCISNRIRARIRAGNRARARARARIRARARARARARARARIGIQIGIRNCIRICIENRNGNRNEOGNENENENANG!
R 7 T T T T T T T T 7 7o T Y 7o 2 2o ol 2 e 2O X Yo 2o 2 o 2o e 7 2 2o e 2 2 T T T I T I I
IGAUNGN0 FENONGNBNSURIRIRISARARIRIRINORIRANIRIRARIRARARARARARARARARIRARAGARIGAGIRONGIGOINGIEORNN AN
RITT /7 L T T T T T Tl Tl 7 T o T T 2 o 2o P 7t 2o Do Y 2o 2O e Y 2o o Yol 2o o Yol 2o 7 2ok ol e Tl T R I o ) 1
QGSaN) JONRNSNRIRIRIEIEIRIRIGNEIRIRAIEIRIRARARIRARAGARACARAGARARAZARARNCARAGIGAICAGIRNGNGNEOENENENEL
sy ENQYGNGYGNONONGNGNGNGNONGNGNGNGNGNINANINANIRANGRIRIRARIRIQINIQIRIQIQTQIQIQIQIQNOTAVAVANETANE
WAkl JOR0Q8084B00980RROBIBIRIRIRARIRIRARORARARIRARARIRARARARORARANARAZINAGAGARAGNGIGRGNGVGNGNGIEN]
hhal DQNGIQNUNGNGNONGNYNONONONONGNONONGNGNENGRENGRGNIRANERIRIQANIRANIQIQLNIQLQVANAIATAVANATANA NGV
v'"l'l L e L e e L e e L e e e e T T T T T T I T '.l".l'll"."l'l: a0

MOGIEIGIGIGNGNENE NGV NENG NG NG NG NG N NG NG NONGNENGNENERERENEQIQERINIREQINI QLTI QT T G (R G 1O Y
190 YRAYBYLYBINQLYBYEAVQRARGRARIRILRIRARIRORORARORARORARARARURAARANAGACAGAGNGNGAGNGNGNGN G4 S
w R RERERERERERERT] "'"'l ‘ nnu'.:'.':":'u'..":'"""':n":'u'n':u":nuuuuuuuuu' " TR0

B A I A A A T T T T T 7 : o4
Y e e e e e e e T I I I I T L e I R
' '!'!'!l!'!'!'!'!'!"!'!'!'!'!'!'!'!'!l!'! l!'!'!'"!"!'!'!'!'!'!'!"f’ LACEUEURL UL AL AU S S SL SL L S




This research was funded by the project SAF21, “Social Science Aspects of Fisheries for the 215¢ Century”.
SAF21 is a project financed under the EU Horizon 2020 Marie Sktodowska-Curie (MSC) ITN—ETN

program (project 642080).



A whole is more than

the sum of its parts.

ARISTOTLE






Contents

Contents
Acknowledgments v
Glossary viii
Summary ix
List of Papers X
Summary of the Papers xi
1 Introduction 1
1.1 Motivation for this Study . . . . . .. . ... . 1
1.2 Scope and Research Questions . . . . . . ... ... ... .. oL 4
1.3 Structure of the Study . . . . . . . . . . 5
2 Background and Scientific Underpinnings of the Research 7
2.1 Social-Ecological Systems . . . . . . . ... o 7
2.1.1  Social-Ecological Systems Concept and Background . . . ... ... ... 7
2.1.2 Defining Social-Ecological Systems . . . . . . .. .. ... ... 9

2.1.3 Examples of the Social-Ecological Systems Concept Applied in Different

Contexts . . . . . . . e 10

2.2 Interdisciplinarity—Concept, Definition, and Practice . . . . ... .. ... ... 16
2.2.1 History of Disciplines . . . . . .. ... ... o 16
2.2.2  What is a Discipline? . . . . . . . . . ... 17
2.2.3 History and Developments of Interdisciplinarity . . . . . . . ... ... .. 17
2.2.4  Defining Interdisciplinarity . . . . .. . .. . ... .. L oL 19
2.2.5 Drivers for Interdisciplinarity . . . . . . . .. .. ... 20
2.2.6 Interdisciplinarity and the Disciplines . . . . . ... .. ... ... .... 21
2.2.7 Interdisciplinarity compared to Other Modes of Research . . . . . .. .. 22
2.2.8 Interdisciplinary Research in Practice . . . . ... ... ... ... .... 23

2.2.9 Examples of Interdisciplinary Projects: ClimeFish and SAF21 . .. .. .. 25



Contents

3 Methodology 27
4 Results 33
4.1 Framework to Guide and Facilitate Interdisciplinary Social-Ecological System
Research in Practice . . . . . . . . . . . . 33
4.2 Demonstration of Selected Coping Strategies . . . . . .. .. .. ... ... ... 49
5 Discussion 53
5.1 Contribution to Science . . . . . . . . . ... 53
5.2 Using the Framework—Why, How, and by Whom? . . . . .. .. ... ... ... 55
5.3 Limitations . . . . . . . . . . e e e 62
5.4 Future Work . . . . . . . e 63
6 Conclusions 65
7 Self-Assessment 67
7.1 Interdisciplinary Communication & Documentation . . . . . . . . . .. ... ... 67
7.2 Personal Reflections . . . . . . . . . ... ... 69
Bibliography 71
Paper 1 83
Paper 2 103

Paper 3 135

ii



List of Figures

List of Figures

co N O

Conceptual diagram of the social-ecological system of the landscape system and
its properties in Eastern Brazil Amazonia . . . . . . ... ... ... ... ....
Conceptual diagram of the social-ecological system of the oasis of Comond . . . .
Application of the concept of social-ecological systems (SES) to a case study of
rainwater and floodwater harvesting . . . . . ... ... .o
Conceptual representation of the SES of the Alaskan salmon fishery . . . .. ..
Overview of research concepts . . . . . . . . . . . . .. .. ... ..
Overview of the framework development in relation to the research questions

Overview of the literature review process. . . . . . . . . .. ... ... ...

The ideal typical interdisciplinary research process . . . . . .. . ... ... ...

List of Tables

Design principles for an interdisciplinary SES research process and associated
practical challenges with an outline of exemplary practical coping strategies. . . .
Overview of the methodologies and study objects that were used to demonstrate
the coping strategies through the Papers 1-3 . . . . . . ... ... ... .. ...
Overview of the different potential user groups of the framework and suggestions
for applications . . . . . . . . .. e e

Taxonomic analysis of interdisciplinarity in this study . . . ... ... ... ...

45

iii






Acknowledgments

This study is the result of a wonderful three-year journey, along which I have had the pleasure to
meet some amazing souls and minds. This time was filled with many experiences that challenged
me, brought me to my personal and intellectual limits, and made me learn and grow as a person
and as a researcher. I was also presented with many fantastic opportunities, and for that I am
very grateful. Many people have played important roles in and contributed to my life and my

PhD process, and I would like to thank them here, in no particular order.

I sincerely want to thank my supervisor Melania Borit, who guided me through this process by
investing her time and patience into lengthy discussions about research and the life beyond. She
pushed me to pursue my own research interests and helped me to grow. I am thankful for her
investment in my research and in me as a person through her role as a supervisor, co-author,
and mentor. I want to thank her for all the brainstorming and discussions, as well as for the
light moments we shared over chocolate. She has been my mental ping-pong player, and I think
we learned a lot from each other throughout our time together. In this sense, I like to think that

we both came out of this stronger and wiser.

I am also deeply grateful to Michaela Aschan, who has been so much more than just a co-
supervisor for me. She helped me through all the rough PhD times with her guidance and
understanding. I truly appreciate the ways in which she made me challenge myself and helped
me to grow as a person. She taught me to make the best out of the opportunities presented to
me, while showing me how to create opportunities of my own. She has been an inspiration and a
great mentor throughout these years, and this PhD would probably not have happened without
her.

I am also deeply grateful to have been part of a European Training Network, the SAF21 project
(No 642080) and to the European Union, who funded this project, as well as my research.
Through the SAF21 project, I was also lucky to receive additional training in transferable skills
and much more, from conflict management to cultural awareness. As such, I would also like to
thank my SAF21 colleagues, network partners, and beneficiaries. Thanks to all of you for taking

the time, during the five network meetings and four training camps, to provide advice, guidance,



Acknowledgments

and constructive feedback. This provided me with many opportunities to build networks, gain
new experiences, learn from opposing viewpoints and perspectives, develop new skills, and get
an idea of the non-academic sector. This project also provided me with the opportunity to travel
abroad in order to stay and work with Manchester Metropolitan University and the small- to
medium-sized enterprise Syntesa in the Faroe Islands. Thank you to both for hosting me. I am
also particularly grateful to Syntesa for its warm welcome and hospitality during my stay. All
of this made my days very busy and intense but also made it a truly out-of-the-ordinary PhD

experience!

I also wish to thank the EU-funded H2020 project ClimeFish (No 677039) for hiring me as a
researcher and the warm welcome I received entering into the consortium and project team. The
participation in this project provided me with many new experiences and insights on the inter-
and transdisciplinary workings of a large international project. These insights were very valuable

for the development of this study as well as for my personal development as a researcher.

Big thanks also go to the University of Tromsg, to the Faculty of Biosciences, Fisheries and
Economics (BFE), to the Norwegian College of Fishery Science (NFH), to my research group
BRIDGE, and to everyone in the university who provided such a warm and friendly working
environment. I am grateful for all the support and for the many people who have offered

motivating words and interesting discussions and to those who always had an open ear for me.

I want to thank my dear friend Sarah Joy Lyons, who, with her popcorn-machine mind, has been
my inspiration and motivation. In addition to being a constant supplier of positive energy and
creativity, she always helped me to stay afloat. The same goes for Leonore Olsen, who was there
for me in the most Norwegian of ways, with lots of klippfisk and sngkrabbe. Her beautiful mind

and soul, generous food supply, and inexhaustible patience with me have been indispensable.

Another person of great importance is Shaheen Syed, who has taken on many roles for me
throughout the years, two of which were as my colleague and co-author. He has also been an
inspiration, a teacher, and a companion, and he has taught me so many things that I never
thought I would have been able to learn or understand. I am most grateful for his patience, the
many hours spent listening, and for his calming (and disciplining) effect on me. I want to thank

him for bringing joy and laughter into my personal and research life and for making me smile,

vi



even on my darkest days. He has truly been my all-round partner in crime, and his support and

encouragement mean the world to me.

I wish to truly thank my family. They have been a wild bunch in my life and have provided so
much support and love, each one in their own personal way. I cannot even begin to describe the
love I feel and how much their love has meant to me. I am so thankful to have all of them in my
life. Even from afar, they have provided their support through many calls, care-packages, and
postcards. I also had the most beautiful times during family visits filled with love and laughter
as well as the occasional rod-caught fish and hand-picked mushrooms. You all helped me to find
the energy and strength to finish this PhD. A special thanks goes to my grandma, who has been

my biggest fan throughout these years.

Lastly, I reserve my deepest love and gratitude to my mum. She is probably the most influential
person in my life, and I have a million reasons to thank her, maybe the most important of which
are for raising me and shaping me in ways that have enabled me to become who I am today.
Without her constant support, encouragement, and unconditional love, I could never have got
to where I am today. Her open ear, patience, understanding, motivational words, and coaching
taught me so many things about life and how to live it. Her love and words of encouragement
often had to travel long distances as I trotted around the globe, but they always reached me
loud and clear! She has given me the gift of curiosity and the strength to pursue my dreams; she
has been my rock and my backbone, while always giving me a little nudge during times when I

needed a push; she is everything I could wish for. I do not know how I came to be so lucky.

Finally, I wish to thank everyone else, who has not been mentioned by name, but has played a

part in this PhD and in its accomplishment. Thank you all!

Tromsg, February 2019

Aardose  Awder

Charlotte Teresa Weber

vii



Glossary

Glossary

Domain A knowledge sphere; a body of scientific (sub-)disciplines that study
a certain topic or system.

Framework An analytical tool with several variations and contexts. It is used to
make conceptual distinctions and organise ideas.?

Interdisciplinarity Involvement of several unrelated academic disciplines in a way that
forces them to cross subject boundaries in order to create new knowl-
edge and theory and solve a common research goal.P

Model A (coherent) representation of a system and/or the processes therein,
which may consist of words, graphs, or equations.®

Multidisciplinarity Involvement of several academic disciplines with multiple, disciplinary

goals in parallel, often with the purpose of comparison, but does not

cross subject boundaries or aim for any form of integration.?

Research Practice

A set of sayings or doings by individuals or groups for a particular
purpose. Commonly each discipline has its own established research
practices.®

Social-Ecological
System

A coherent system of biophysical and social factors that regularly
interact in a resilient, sustained manner; a system that is defined on
several spatial, temporal, and organisational scales, which may be
hierarchically linked; a perpetually dynamic, complex system with
continuous adaptation.®

Social-Ecological
System Research

Research that clearly links the social and the ecological system, with
the aim to understand relationships between social and ecological
conditions, interactions, and outcomes. Always requires an inter- or
transdisciplinary approach.f

Transdisciplinarity

Interdisciplinarity with additional involvement of non-academic partic-
ipants that work towards a common goal in order to create new knowl-
edge and theory through a collaborative and participatory approach.P

& Ravitch and Riggan 2012

b Tress et al. 2005a

¢ Hart and Reynolds 2008
d National Academy of Sciences 1992; Castan Broto et al. 2009

¢ Redman et al. 2004

f Ostrom 2009; Cumming 2014; Binder et al. 2013
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Summary

Social-ecological systems (SES) consist of a social and an ecological system that are linked through
a complex interplay of social and ecological processes. SES can be studied through SES research,
which has become increasingly important because it is thought that it can potentially address and
solve many societal challenges, such as climate change, resource scarcity, and habitat degradation.
SES research investigates the relationships between social and ecological conditions, interactions,
and outcomes, and requires an integrative, i.e. interdisciplinary or transdisciplinary approach,
because one discipline alone cannot study the complex interactions within SES. This makes SES
research particularly challenging and practical real-world barriers continue to hinder integration
and progress in the field. Yet, the challenges and practical barriers for interdisciplinary SES
research have hardly been explored, while practical guidance on how to conduct SES research is
generally lacking.

As a first step to explore interdisciplinary SES research practices, a preliminary study is conducted
with the aim to develop a framework that can guide researchers on how to conduct interdisciplinary
SES research in practice. A preliminary framework is developed through a review and synthesis
of various strands of literature and empirical experiences.

The framework provides ten design principles to guide the different phases of the interdisciplinary
SES research process: the orientation phase—for problem identification, the preparation phase—
for identifying relevant disciplines and team members, and the analysis and integration phase—for
analysis, integration, and knowledge production. In addition, common practical challenges when
implementing each of the design principles are outlined, while suggestions for practical coping
strategies are provided to prevent or overcome these challenges. Three selected coping strategies
proposed by the framework are demonstrated through practical examples, showing the application
in practice of a particular methodology suitable to implement the respective coping strategy.
The preliminary framework could be applied by different users for various purposes, but its main
intent is to make the SES research process easier on a practical level. The framework serves
as a first step towards guiding and facilitating interdisciplinary SES research, from where an
adjustment of the framework through co-creation with potential users or an expansion of the

framework to guide transdisciplinary SES research, can be potential avenues for future research.

ix
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Summary of the Papers

Paper 1. Using Machine Learning to Uncover Latent Research Topics in Fishery
Models. Modelling has become the most commonly used method in fisheries science, with
numerous types of models and approaches available. The large variety of models, and the
overwhelming amount of scientific literature published yearly, can make it difficult to effectively
access and use the output of fisheries modelling publications. In particular, the underlying topic
of an article cannot always be detected using keyword searches. As a consequence, identifying
the developments and trends within fisheries modelling research can be challenging and time-
consuming. This paper utilises a machine-learning algorithm to uncover hidden topics and
subtopics from peer-reviewed fisheries modelling publications and identifies temporal trends
using 22,236 full-text articles extracted from 13 top-tier fishery journals from 1990 to 2016. Two
modelling topics were discovered: estimation models (a topic that contains the idea of catch,
effort, and abundance estimation) and stock assessment models (a topic on the assessment of the
current state of a fishery and future projections of fish stock responses and management effects).
The underlying modelling subtopics have shown a change in the research focus of modelling

publications over the last 26 years.

Paper 2. Interdisciplinary Optimism? Sentiment Analysis of Twitter Data. Inter-
disciplinary research can face many challenges, from institutional and cultural, to practical ones,
while it has also been reported as a ”career risk” and even as ”career suicide” for researchers
pursuing such an education and approach. Yet, the propagation of the challenges and risks
can easily lead to a feeling of anxiety and disempowerment in researchers, which we think is
counterproductive to improving interdisciplinarity in practice. Therefore, in the search of ‘bright
spots’, which are examples where people have had positive experiences with interdisciplinarity,
this study assesses the perceptions of researchers on interdisciplinarity on the social media
platform Twitter. The results of this study show researchers’ many positive experiences and
successes of interdisciplinarity, and as such document examples of bright spots. These bright
spots can give reason for optimistic thinking, which can potentially have many benefits for

researchers’ well-being, creativity, and innovation, and may also inspire and empower researchers

xi



Summary of the Papers

to strive for and pursue interdisciplinarity in the future.

Paper 3. An Interdisciplinary Insight into the Human Dimension in Fisheries Mod-
els. Fisheries are complex adaptive social-ecological systems (SES) that consist of interlinked
human and ecosystems. Thus far, they have mainly been studied by the natural sciences. How-
ever, the understanding and sustainable management of fisheries will require an expansion of
the study of the human element in order to reflect the SES perspective. Models are currently
the most common method used to provide management advice in fisheries science, and these, in
particular, will have to expand to include the human dimension in their assessment of fisheries.
The human dimension is an umbrella term for the complex web of human processes within a
social-ecological system, and, as such, it is captured by disciplines from the social sciences and
humanities. Consequently, capturing and synthesising the variety of disciplines involved in the
human dimension, and integrating them into fisheries models, will require an interdisciplinary
approach. This study, therefore, attempts to address the current shortcomings associated with the
modelling of fisheries in the European Union and advises on how to include the human dimension
and increase the interdisciplinarity of these models. We conclude that there is potential for the
expansion of the human dimension in fisheries models. To reach this potential, consideration
should be given to some aspects, e.g. early involvement in model development of all relevant
disciplines, and the formulation of operationalisable theories and data from the human dimension.
We provide recommendations for interdisciplinary model development, communication, and

documentation in support of sustainable fisheries management.
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1 Introduction

1.1 Motivation for this Study

Social-ecological systems (SES) are complex integrated systems in which humans are linked with
nature through a complex interplay of social and ecological processes (Berkes 2011). SES consist
of a social system and an ecological system that regularly interact in a dynamic and complex
manner (Berkes and Folke 1998). The social system refers to the ‘human system’, which includes
all human processes of economic, political, social, and cultural nature, as well as management and
governance aspects. The ecological system refers to the biophysical system, including ecological
processes, organisms, and communities that interact with each other and their environment. SES
function in a two-way feedback loop, in which a change in one subsystem can impact the other,

and vice versa (Berkes et al. 2006; Levin et al. 2012; Leenhardt et al. 2015).

At the core of the dynamic and complex interactions of SES lie many of today’s complex problems
and societal challenges. For example, climate change, biodiversity loss, resource scarcity, and
habitat degradation are all complex problems that are driven by human activities and social
dynamics (Binder et al. 2013; Fang et al. 2018). Yet, mankind depends on the natural world
for life support, and it is, therefore, of importance to address and solve these complex problems
and societal challenges for a sustainable future and human well-being (Redman et al. 2004;
Ostrom 2009; Cumming 2014; Guimaraes et al. 2018). Subsequently, there is a need for better

understanding and the study of SES (McGinnis et al. 2012; Leslie et al. 2015).

SES can be studied through what is termed Social-Ecological System Research, or SES research
in short (Cumming 2011; McGinnis et al. 2012). SES research has become increasingly important
because it is thought that it can potentially address and solve many societal challenges, which
are often both, ecological and social (Berkes and Folke 1998; Levin et al. 2012). SES research
has a socio-ecological core (Cumming 2014), which means that it clearly links the social and
ecological systems by investigating the relationships between social and ecological conditions,
interactions, and outcomes (Ostrom 2009; Binder et al. 2013). Note that SES can also be studied
in their separate parts, in which one or more disciplines investigate only one of the subsystems

(either the social or the ecological system) or a single study object within a subsystem (e.g. the



1 Introduction

study of fish stock recruitment in a fishery system). Such studies can take any form, from a
mono-, to a multi-, inter-, or transdisciplinary approach (for definitions of these concepts, see
the Glossary). Yet, studies lacking a clear link between the social and ecological system are

considered not to be SES research.

SES research requires an integrative research approach (Redman et al. 2004; Stephenson et al.
2017; Dressel et al. 2018; Markus et al. 2018), because one discipline alone cannot study the
complex interactions to address its social-ecological core (Collins et al. 2011; Cumming 2014;
Guimaraes et al. 2018). Integrative approaches, i.e. inter- and transdisciplinary, offer a synthesis
from several disciplines and can incorporate the humanities, natural, economic, and social sciences,
as well as non-academic stakeholders and knowledge bodies. Integrative approaches are inherently
complex because both interdisciplinary and transdisciplinary research requires an integration of
different knowledge bodies and disciplines. It is certainly not an easy task to integrate concepts,
methodologies, procedures, terminologies, or data from different disciplines, especially when
these are very disparate and have different ways of working, e.g. Biology and Anthropology
(Apostel et al. 1972). Additionally, integrative research requires researchers to pay attention to
many other aspects besides integration itself, for example, the choice of appropriate disciplines,
the process by which they work together, and to ensure that individuals do not withdraw when
conflicts arise (Pretty 2011). Additionally, interdisciplinary and transdisciplinary research faces
many challenges, from structural and institutional challenges (Buanes and Jentoft 2009), to
cultural (Chiu et al. 2013), and practical challenges (Lang et al. 2012; Pischke et al. 2017). As a
result, a large body of literature has been developed in an attempt to help researchers in the

study of SES.

Much of the SES literature has focused on the concepts and methodological approaches for the
analysis of SES (Ravitch and Riggan 2012; Binder et al. 2013; Cumming 2014), while increasing
numbers of SES case studies are being conducted within different domains (McGinnis et al. 2012;
Hinkel et al. 2015; Partelow 2015; Liehr et al. 2017). Yet, despite the great interest of the research
community in the study of SES, the interface between integrative approaches and SES research
has hardly been explored (Cumming 2014). As such, the literature currently lacks guidance for
integrative research dynamics in practice (Cumming 2014; Brown 2018). As a result, real-world

barriers continue to hinder integration and challenge progress in the field (Redman et al. 2004).



1.1 Motivation for this Study

A lack of integration is a major limitation for a research domain that intends to build “a strong
interdisciplinary science of complex, multilevel systems]...]” (Ostrom 2007), because integration
lies at the core of SES research and the field cannot progress nor advance without it. The widely
dispersed literature on inter- and transdisciplinary research further hinders researchers from
acquainting themselves with integrative concepts and applying them in practice (Lang et al.

2012).

Thus, the integration of different disciplines constitutes the weakest link in SES research (Cumming
2014), and there remains a general lack of practical recommendations to help researchers
conducting inter- and transdisciplinary SES research. Hence, there is a need for practical
approaches that can guide and facilitate the integration in SES research to lower the barriers
for interdisciplinary and transdisciplinary SES research processes. Guiding principles could
help researchers understand how to conduct integrative SES research in practice, i.e. how
to do this type of research. For this purpose, it is thought that learning from the lessons of
real-world interdisciplinary and transdisciplinary collaborations will identify and provide practical

approaches for integrative SES research (Redman et al. 2004).

Investigations into interdisciplinary SES research practices and processes are needed as a
first attempt towards guiding and facilitating SES research. Once guiding principles for an
interdisciplinary SES research process have been identified and developed, they can then be
expanded to a transdisciplinary approach. As such, guiding principles for interdisciplinary SES
research can lay a foundation for any future guiding principles for the practice of transdisciplinary

SES research.



1 Introduction

1.2 Scope and Research Questions

As a first step to investigate and support interdisciplinary SES research practices, the objective
of this study is to develop a preliminary framework that can guide researchers on how to conduct
interdisciplinary SES research in practice. To do so, the preliminary framework provides guiding
principles for an interdisciplinary SES research process. In addition, the framework aims to
facilitate this research process by raising awareness of common challenges within the research
process and by providing practical coping strategies to prevent and overcome these challenges.

The main research question (MRQ) for this study was formulated as follows:

MRQ: How can interdisciplinary SES research be guided and facilitated in practice?

This main research question was divided into the following research questions (RQ):

RQ1: What are the design principles for an interdisciplinary SES research process in practice?

RQ2: What are the practical challenges when complying with the design principles for interdisci-

plinary SES research in practice?

RQ3: What are the coping strategies to prevent or overcome the practical challenges of interdis-

ciplinary SES research in practice?

RQ4: How to demonstrate selected coping strategies to prevent or overcome practical challenges

of interdisciplinary SES research?

RQ1 supports the MRQ by identifying how to guide interdisciplinary SES research in practice,
whereas RQ2 and RQ3 support the MRQ by identifying what impedes and what facilitates

interdisciplinary SES research in practice.

To ensure that the preliminary framework can support the practical challenges of interdisciplinary
SES research, the framework is not only based on the theory of interdisciplinary and SES research,
but also on the ‘lessons learned’ in empirical case studies with demonstrated successes and failures.
The preliminary framework was developed via a literature review approach, as well as from the
inclusion of the practical lessons-learned from two EU-funded projects—ClimeFish (2016) and

SAF21 (2015) (see section 2.2.9 for more information on the projects).



1.3 Structure of the Study

To address RQ4, Papers 1-3 demonstrate three selected coping strategies of the preliminary
framework in practice by applying an explicit methodology and providing concrete results. One
of the papers (Paper 2) is applied to the academic context but without a domain-specific focus.
Two of the papers (Paper 1 and Paper 3) are applied into the domain of fisheries research, in
particular into the fisheries modelling domain, for the following reasons: (i) Fishery systems
have been recognised as SES (Ostrom 2009), which makes fisheries a suitable research domain to
demonstrate the coping strategies of the framework; (ii) modelling is the most commonly used
method in fisheries science (Jarié¢ et al. 2012) and amongst the most commonly used methods to
study SES (Rissman and Gillon 2017); and (iii) this study is part of the project SAF21—Social
Science Aspects of Fisheries for the 215" Century (SAF21 2015)—which has the particular aim

to improve the understanding of fisheries as SES.

1.3 Structure of the Study

The remainder of this study is structured as follows: Section 2 provides the scientific underpinnings
of the study by addressing the concepts ‘social-ecological systems’ and ‘interdisciplinarity’, and a
brief description of the EU projects ClimeFish and SAF21. Section 3 presents the methodology
applied during the research. In Section 4, the results of the study are presented, followed by a
discussion of the findings in Section 5 and conclusions in Section 6. The study ends with a self-
assessment in Section 7, which provides an opportunity for critical evaluation and self-reflection

regarding this study.






2 Background and Scientific Underpinnings of the Research

2.1 Social-Ecological Systems

2.1.1 Social-Ecological Systems Concept and Background

Social-ecological systems (SES) are complex integrated systems that consist of a social system
and an ecological system, which interact in a dynamic and complex manner (Berkes and Folke
1998). The social system refers to the ‘human system’; which includes all human processes of an
economic, political, social, and cultural nature, as well as management and governance aspects.
The ecological system refers to the biophysical system, including ecological processes, organisms,

and communities that interact with each other and their environment (Berkes 2011).

SES are understood as complex adaptive systems (Levin et al. 2012), and as such, the SES
concept draws heavily on systems ecology and complexity theory (Cumming 2011). SES are
complex due to the complex processes and behaviours that merge from the dynamic interaction
between the social system and the ecosystem. Complexity is created through factors such
as uncertainty, nonlinear feedback, cross-scale interactions, self-organisation, and emergence.
SES are considered adaptive because they have the capacity to respond to their environments
through self-organisation (Cumming 2011). As such, adaptation or adaptive capacity can be
understood as “the improvement of fit between a system component or entire system and its
environment. In evolutionary biology, adaptation is considered to be a passive process, in the
sense that adaptation occurs through the action of selection on diversity. In social systems, a
form of active adaptation, through decision making and proactive responses to environmental

change, may be possible” (Cumming 2011).

Uncertainty is caused by the non-linear relationship between cause and effect in SES
(Cumming 2011). Hence, nonlinearity is related to inherent uncertainty, as SES components
interact in nonlinear ways that make responses and the effects of change difficult to predict

(Levin et al. 2012).

Feedbacks, or feedback loops, describe a situation in which an effect influences its cause
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(Cumming 2011). SES function in a two-way feedback loop, in which a change in one subsystem
can impact the other, and vice versa (Berkes et al. 2006; Levin et al. 2012; Leenhardt et al. 2015).
These feedbacks can be either positive, with an amplifying effect, or negative, with a dampening

effect.

Self-organisation relies on the basic idea that open systems are able to reorganise themselves
at critical points of instability. It is a process by which a system can modify its own internal
structures and behaviours, often in response to external change (Cumming 2011). This principle
is operationalised through feedback mechanisms within the system. However, the direction of
the system under change is path dependent, as directions of change depend on, for example, the

history of the system, and are therefore difficult to predict (Berkes et al. 2003).

Emergence, or emergent properties, result from critical relationships such as feedback and
dependencies among components within SES, which cannot be understood by examining individual
components (Knoot et al. 2010). Examples of emergent properties in SES include sustainability,
or resilience, because these system properties arise from the interactions of a number of system
components with one another and with their environment. These system components have
the ability to process information and respond to internal and external change through action,

adaptation, or learning (Cumming 2011).

Other important aspects in SES are hierarchy and scale. In this sense, SES are hierarchic,
wherein every subsystem is nested within a larger subsystem (Berkes et al. 2003). Both the social
system and ecosystem are nested. Hierarchical levels within a social system are, for example,
governmental institutions on city level, provincial level, or national level. Whereas, Adriatic Sea,
Mediterranean, North Atlantic, depicts a nested ecosystem with subsystems of different spatial
scales (Cumming 2011). From such an understanding, scale and hierarchy can be defined as ‘the
spatial, temporal, quantitative, or analytical dimensions used to measure a phenomenon’ (Berkes
2011). Studies of a particular SES will usually have to make a subjective choice regarding on
which scale the analysis should take place (Cumming 2011). Phenomena within SES tend to
have their own emergent properties and can occur at each level of these scales; the different levels
may be coupled through feedback relationships (Berkes et al. 2003), with the levels being defined

as ‘the units of analysis located at different positions on a scale’ (Berkes 2011). SES processes
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commonly occur over a wide range of scales, which result in cross-scale interactions. This
means that social and ecological processes can be coupled at each scale, smaller processes are
embedded in larger ones, and larger-scale processes can also influence the smaller ones (Liu et al.

2007).

Modularity describes the degree to which the system’s components may be separated and
recombined, which is crucial for preventing harmful properties spreading throughout the system
during the phase of change, and provides the building blocks with which to reorganise the system
(Levin et al. 2012). Hence, modularity can be understood as the compartmentalisation of the
system in space, in time, or in organisational structure. In this context, compartments are
subsystems in which interactions between components are stronger than their interactions with

system components outside the compartment (Cumming 2011).

Resilience is also an important concept for complex systems and SES. Resilience refers to the
system’s ability to continue functioning when exposed to either intrinsic or extrinsic disturbances.
A system can thus be considered robust if it is resistant to change or able to reorganise after
change (Levin et al. 2012). Many different definitions of resilience have been discussed but
generally, resilience tries to capture the idea about the ability of a complex system to persist.
However, resilience is not always necessarily a good characteristic or trait. Systems can be locked
in a resilient state that is, from a human perspective, undesirable (Cumming 2011). Competing
terms for resilience include robustness, sustainability, vulnerability, and fragility. However, as
Cumming (2011, p.13) puts it: “Some scientists have tried to delineate minor differences between
these different terms. In my opinion, such differences are more reflective of differences in the
ways that different research groupings have approached the same problem than of fundamental

differences in the nature of the problem being addressed”.

2.1.2 Defining Social-Ecological Systems

The social-ecological systems concept is based on the understanding that humans are an integral
part of all ecosystems, thus acknowledging the interconnectedness of humans and the environment.
The term itself—'Social-Ecological System’—is meant to emphasise the co-equal interaction of

the forces operating within the two systems (Redman et al. 2004). Based on Redman et al. 2004,
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SES can be described though a four-pronged definition as follows:

A coherent system of biophysical and social factors that regularly interact in a resilient

and sustained manner;

A system that is defined at several spatial, temporal, and organisational scales, which may
be hierarchically linked;
e A set of critical resources (natural, socioeconomic, and cultural), of which the flow and use

are regulated by a combination of ecological and social systems; and

A perpetually dynamic, complex system with continuous adaptation.

In short, a social-ecological system can be understood as the interconnection of a human system

and an ecosystem, which interact in a dynamic and complex manner over several scales.

2.1.3 Examples of the Social-Ecological Systems Concept Applied in Different

Contexts

Generally, SES are investigated to understand certain drivers and interactions between system
components, sudden events, and extensive, pervasive, and subtle change (Collins et al. 2011). As
such, the SES concept can be applied to different contexts and case studies, which is why the
conceptualisations of SES differ depending on the analytical focus and research question of the
approach. Below, brief examples of SES case studies are provided, with the aim to facilitate a
better understanding of the SES concept through real-world examples, and to demonstrate how
conceptualisations, interactions, and system components differ, depending on the system under
investigation and the purpose of the study. Additionally, figures of the conceptual SES under
investigation are shown to allow for a visual representation of the interactions and feedbacks

within the SES.

Land-use. Gardner et al. (2013) conducted an SES research study on land-use in Eastern
Brazil Amazonia. The landscape provides significant benefits for human well-being through
economic goods such as timber, and through ecosystem services such as climatic regulation.
However, the area has also been under severe pressure through forest clearance, deforestation,

and overexploitation, which poses a potential risk for irreversible damage to both the social and
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ecological system. Therefore the study aimed to identify the problems within the system that

should be addressed first and assessed the long-term implications of land-use alternatives in the

landscape.
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Figure 1 — Conceptual diagram of the social-ecological system of the landscape and its properties
in Eastern Brazil Amazonia. The figure shows the interactions between system components,
the social and ecological processes, the cause-effect relationships, feedbacks, and impacts.
The social-ecological landscape properties, such as land cover and condition, are changes in
landscape features that emerge, and that mediate relationships between social and ecological
phenomena. System dynamics play out across multiple spatial scales. All the variables listed
in the figure have been studied in this case study. Image from Gardner et al. (2013).

The SES approach was applied to identify the consequences of deforestation, forest clearance and
degradation, and agricultural change on the system, to identify the factors within the system
that can help explain the observed ecological condition, such as changes in biodiversity and soil

chemicals, and to examine patterns of land use and farmers’ well-being.
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The conceptualisation of the case study SES as shown in Figure 1, highlights the drivers
and interactions within the system: The dynamics of the ecological system are driven by the
environmental impacts or stressors, which, in turn, are influenced or caused by human behaviour.
Over time, the interactions of environmental impacts or stressors alter biodiversity outcomes and
influence ecosystem functions and habitat services. Ultimately, this changes quantity and quality
of ecosystem services that humans gain (human outcomes). Changes in human outcomes can

affect human behaviour. For more info on this case study, see Gardner et al. (2013).

Agriculture & livestock production. In astudy by Tenza et al. (2018), the social-ecological
system under investigation is the oasis of Comondu in Mexico, representing a small-scale agro-
system in a dryland. The oasis underwent a serious depopulation process that threatened its
existence. Hence, the study aims to investigate the system’s sustainability by identifying the

drivers that have influenced the system and which drivers have led to a decline of this small-scale

SES.
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Figure 2 — Conceptual diagram of the social-ecological system of the oasis of Comondi. The
external drivers are in italics and capital letters, and their effects on local dynamics are
indicated with dashed lines. Image from Tenza et al. (2018).

The oasis of Comondii was conceptualised as an SES as shown in Figure 2. The SES is dominated
by positive feedbacks between the socio-demographic and welfare system and the agriculture

and livestock subsystem. The environmental limits to production activities in the agriculture
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and livestock system act as negative feedback, which control the growth dynamics. In addition,
the SES is exposed to external drivers, such as market prices, hurricanes, and rainfall. Each of
the subsystems contains variables and interactions within, for example, the sociodemographic
subsystem contains population deaths and births, and migration. Whereas the agricultural
subsystem contains variables such as cost, profit, wages, competition and their interaction with
each other. The livestock subsystem contains different types of livestock, such as cows and cattle,
and variables such as births, deaths, predation, and sales. For more details, see Tenza et al.

(2018).

Water Harvesting. In an example from Liehr et al. (2017), the process of rainwater and
floodwater harvesting is evaluated from a system perspective and the SES concept is applied to
a case study of a small-scale food production system in Central Northern Namibia.

This study took a problem-oriented research approach and was conducted with the aim to address
water challenges in the area. Two technologies for rainwater and floodwater management had
already been developed. However, it had been unclear how to adapt and embed these technologies
in the area, so that they could provide a complementary source of water, food, and income. The
SES concept was applied to embed the idea of rain and flood water management into a broader

context. The conceptual representation of the SES is shown in Figure 3.

Farmers are the main actors of the social system that interact with the ecological system. Food
consumers, traders, and constructors also interact with the ecological system through their
demand for food, income, and labour. The key components of the ecological system are water
storage in the soil and primary plant production, which depend on various biophysical factors.
The two systems are interlinked through a feedback loop in which the demand for food drives
water and land management, which, in turn, influences the ecological system and generates
agricultural products. Consequences of management interferences with water, land, and soil
include changes in natural structures and processes. Unintended side effects of management
could be, for example, the harmful effects of pesticides on human health, or reduced ground
water recharge due to increased water retention. For more details on this case study, see Liehr

et al. (2017).
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Figure 3 — Application of the concept of social-ecological systems (SES) to a case study of
rainwater and floodwater harvesting as part of a small-scale food production system. Image
from Liehr et al. (2017).

Fisheries. In a case study by Cenek and Franklin (2017), a Pacific salmon fishery in Alaska
is investigated and conceptualised as an SES. The Alaska salmon fishery is a major social and
economic driver in the area, which provides employment and subsistence, and also has a high
cultural value for native Alaskans. The salmon is fished by various users, and active management

is required to ensure the sustainability of the fishery.

The system was conceptualised as an SES to understand the interactions between the resource
and the resource users, to identify the drivers that allow for enough salmon to escape, and
to study the stability of the system. The SES approach allows for interaction between the
different subsystems in the SES, and thus aims to capture the complexity of human behaviour

and incorporate human uncertainty.

In the SES of the salmon fishery (see Figure 4), interaction occurs between the salmon (resource
unit), fishermen (user), watersheds (resource system), and the fishery management (governance
system). Interactions include, for example, the number of fish extracted, and when the governance
system enforces regulations that will allow certain fishermen to fish, and others not. For more

details, see Cenek and Franklin (2017).
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Figure 4 — Conceptual representation of the SES of the Alaskan salmon fishery. Image from
Cenek and Franklin (2017).
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2.2 Interdisciplinarity—Concept, Definition, and Practice

2.2.1 History of Disciplines

To understand the concept of interdisciplinarity, it is helpful to take a step back to the origin of
disciplines. Since Aristotle, it was the philosopher’s concern to divide, order, and classify the
body of human knowledge, which was well connected to the need for teaching knowledge and for
rational order, i.e. a controlled transition from one subject to the other. Hence, for the purpose
of instruction, units of knowledge were generated and referred to as ‘disciplines’—a teachable

form of knowledge—derived from the Latin discere, meaning learning (Stichweh 1984).

Much later, around the 18th century, classifications of knowledge and encyclopaedic compilations
were established in Europe because teaching areas of knowledge and sciences had become very
diverse (Stichweh 1984). Disciplines were thought of as archives of knowledge deposits and unit
divisions of knowledge (Stichweh 2001). Later in the 18th and 19th century, disciplines were
described as production and communication systems, due to the early beginnings of specialisation.
This was when scientists focused on small fields of science, and their specialised occupational
roles were institutionalised by educational systems (Stichweh 2001). With specialisation came
shared values and expertise among specialists, which formed the basis of specialist communities,
and led to the emergence of scientific disciplines (synonymous with scientific community here).
The emergence of scientific journals as the main form of communication demanded descrip-
tions of scientific production processes, such as the method section, clear formulations of the
hypotheses, and references to other scientists through citations (Stichweh 2001). Soon, research
was understood as the ‘search for novelties’ and replaced the old notion of research as the
preservation of knowledge. This transition led to the modern system of scientific disciplines,
which is characterised by the establishment of disciplines in institutions (Stichweh 2001). It is
also important to highlight that disciplines are dynamic and can expand and take up parts of
other disciplines, with changing disciplinary boundaries. There is no hierarchy or centre, and all

disciplines are considered equally important (Stichweh 2001).
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2.2.2 What is a Discipline?

The classification and understanding of disciplines varied over time, depending on the institu-
tionalisation of education and learning (Stichweh 2001). Also, the definition of a discipline varies
among the different disciplines. However, the list below (based on Krishnan 2009) shows some of
the more general criteria and characteristics that should be sufficient for the purpose of capturing

the concept of a discipline:

e Particular object of research (can be shared with other disciplines at times)

e Body of accumulated specialist knowledge for the object of research, which is specific to
that discipline and is not commonly shared with other disciplines

e Theories and concepts that can organise the specialist knowledge

e Specific terminology and technical language adjusted to the research object

e Specific research methods adjusted to the research requirements

e Must have an institutional manifestation, such as subjects taught at universities/colleges,

respective academic departments, and professional associations

2.2.3 History and Developments of Interdisciplinarity

The modern term and phenomenon ‘interdisciplinarity’ did not emerge until the 20th century,
but the basic ideas of unity of knowledge are much older. In ancient Greece, philosophers such
as Plato had already talked about the undisciplined subject of philosophy as a ‘unified science’.
This initiated disputes about a lack of unity of science and the division of knowledge, which
persisted throughout the centuries. Concerns about the overspecialisation and fragmentation of
knowledge arose especially in the 16th through to the 19th century (Klein 1990a).

During the 20th century, discourse on interdisciplinary research increased, although the word
interdisciplinary was first found in the literature of the social sciences and humanities in the
mid-1920s (Frank 1988). Back then, it was the social sciences and general education that
showed the most momentum for interdisciplinarity. Some colleges went through an era of general
education reform that established programmes with the aim to move from a specialist to a

generalist education. This was conducted through a curriculum that focused on a common set of
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values, including interdisciplinary objectives, such as solving modern problems by assembling
disciplinary resources (Klein 1990a). The establishment of the Social Science Research Council
(SSRC) in New York in the United States, promoted the propelled integration across disciplines.
A member of the SSRC addressed the Council’s future research objectives as follows: “There
is a certain limitation in the fact that we are an assembly of several disciplines, and in our
official statements again it is expressed that we shall attempt to foster research which brings in
more than one discipline. [...] There would be no other body, unless we assume the function
ourselves, charged with the duty of considering where the best chances were for coordinated or
interdisciplinary work.” (Frank 1988).

Later, during the post-war period of the 1930s and 40s, it became apparent that many of
the problems of the time, such as war, propaganda, housing, social welfare, and crime, were
too large to be handled by one discipline alone, which encouraged integrative thinking. This
spirit led scholars, and governmental and private agencies to acknowledge the importance of
interdisciplinarity and applied social sciences. Social science scholars from institutions, such as
the University of Chicago and Yale, attempted to stress forms of interdisciplinary research and
interdisciplinary fellowship programmes .

By the mid-1950s, interdisciplinarity was a common concept in the social sciences and discussions
emerged on practical consideration, such as how-to-do-it manuals and interdisciplinary methods
and problems (Frank 1988). However, interdisciplinarity remained an ambiguous term through
the 1940s and 1950s and even into the 1960s. Both concepts, the idea of grant unity, as well
as the more limited integration of existing disciplinary methods and theories, were frequently
applied (Klein 1990a). Only in the 1970s, was one of the first typologies of definitions produced
by the Organisation of Economic Cooperation and Development (OECD), to describe and
distinguish the term interdisciplinary and others, such as transdisciplinary, multidisciplinary, and
cross-disciplinary (Frank 1988; Klein 1990a). The book, entitled Interdisciplinarity: Problems of
Teaching and Research at Universities, was released in 1972 (Apostel et al. 1972) and marked a
major milestone in the history or interdisciplinarity.

The era of the 1960s and 1970s was a time of reform with elevated awareness for, and in strong
support of, interdisciplinarity through major funding. This led to the establishment of many
new educational programmes of which some still remain today. The founding of the programmes

was supported by funding agencies such as the Carnegie Foundation in the Americas, and the
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OECD and the United Nations Educational, Social, and Cultural Organisation (UNESCO) in
Europe. The OECD then released a new definition of interdisciplinarity after a survey of the
relationships between the university and community in their member countries. This was followed
by the OECD’s conclusion for an increased demand of interdisciplinarity outside of universities
to address more ‘practical’ problems of the complex and technological ‘real’ world, in contrast to
the university approach of producing new knowledge with the aim of achieving unity of science
(Klein 1990a).

Since the 1970s, a huge amount of literature has been produced on interdisciplinarity and
discussions on the topics have increased across disciplinary, professional, and general published
scholarship. These discussions are becoming both broader and deeper, and have shifted, changed,
and diffused their focus, from educational programmes and ideas of unity, to designing and
managing interdisciplinary teams and research projects. In conclusion, the modern concept
of interdisciplinarity has been shaped by historical ideas to obtain unity and synthesis, the
emergence of interdisciplinary research and educational programmes, and by interdisciplinary

movements over time.

2.2.4 Defining Interdisciplinarity

The term ‘interdisciplinarity’ is often seen as confusing because it encompasses such a broad
field and has been varyingly described as complex, heterogenous, dynamical, and contextual
(Schmidt 2008). For some, interdisciplinarity is a form of nostalgia for a lost wholeness, whereas
others see it as a form of evolution in the sciences, thus causing uncertainty over its definition.
Additionally, unfamiliarity with interdisciplinarity among scholars and an interdisciplinary
discourse that is widely diffused among general, professional, academic, and other literature has

made interdisciplinarity a divisive term (Klein 1990a).

Many definitions of interdisciplinarity exist in the literature, but all point in the same direction
(Van Rijnsoever and Hessels 2011). For example, the OECD provides a relatively wide definition,
which refers to interdisciplinarity as any interaction ranging from the ‘simple communication of
ideas to the mutual integration of organising concepts, methodology, procedures, terminology,

data and organisation of research and education’ (Apostel et al. 1972, p. 25), whereas Rhoten
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and Pfirman (2007) understand interdisciplinarity as ‘the integration or synthesis of two or
more disparate disciplines, bodies of knowledge, or modes of thinking to produce a meaning,
explanation, or product that is more extensive and powerful than its constituent parts’. Van
Rijnsoever and Hessels (2011) focus on interdisciplinarity in relation to research collaboration
and define it as ‘the collaboration between scientists from different disciplines with the goal
of producing new knowledge’. Interdisciplinary research (IDR) can therefore be thought of as
a continuum of approaches rather than a uniform approach to research. However, in order to
avoid ambiguity, the term interdisciplinarity is used and defined for the purpose of this study as

follows:

Interdisciplinarity involves ‘several unrelated academic disciplines in a way that forces them to
cross subject boundaries to create new knowledge and theory and solve a common research goal’

(Tress et al. 2005a).

This means that the disciplines involved have contrasting research paradigms, e.g. qualitative vs.

quantitative or analytical vs. interpretative approaches.

2.2.5 Drivers for Interdisciplinarity

Four primary motives and drivers for interdisciplinary research have been identified (National

Academy of Sciences 2005):

The inherent complexity of nature and society

The drive to explore the interfaces of disciplines

The need to solve societal problems

The stimulus to produce revolutionary insights and generative technologies

One driver of interdisciplinary research is the inherent complexity of nature and society. For
example, nature’s complexity is apparent in some of the “grand challenge questions” of research
like How did the universe originate? and What processes control climate? (National Academy of
Sciences 2005). This driver also refers to the complexity of real-world problems that concern
nature and society which are not easily solved and require crossing disciplinary boundaries, such

as the challenges of sustainable resource use and eliminating world hunger (Repko 2008).
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Interdisciplinarity is also driven by the desire to explore the problems and questions that lie
at the interfaces of disciplines. Such investigations lead investigators beyond their own fields
and can lead to discoveries or even the development of new fields. For example, Biochemistry is
the result of such an interdisciplinary exploration, which has now departmental status at many

universities (National Academy of Sciences 2005).

Societal problems, the third driver for interdisciplinarity, are certain kinds of problems that
are of general public interest. These include problems such as food safety, access to education,
terrorism, and immigration. These complex societal problems require expertise from multiple
disciplines, and therefore, analysis and study of these problems requires an interdisciplinary

approach (Repko 2008).

The last driver for interdisciplinarity is the desire to produce revolutionary insights and generative
technologies. Revolutionary insights refer to those type of insights that transform how we learn,
think, and produce new knowledge. Generative technologies are novel technologies that create
applications of great value, and can also transform existing disciplines (Repko 2008). Examples
of such generative technologies are the internet, GPS mapping, and the smartphone (National

Academy of Sciences 2005).

2.2.6 Interdisciplinarity and the Disciplines

Interdisciplinary Critique of the Disciplines: The drivers of interdisciplinary research
emphasise the value of interdisciplinary-based inquiries and the need to supplement disciplinary-
based research. Yet, it also implies a critique of the disciplines and highlights weaknesses in the
way disciplines operate. The interdisciplinary critique of the disciplines is discussed briefly, by

touching on some of the weaknesses of disciplinary specialisation.

The first critique of the disciplines is that disciplinary specialisation hinders one to see the broader
context, which can leave larger, more important issues, such as societal problems, unanswered
(Repko 2008). Another critic argues that specialisation tends to produce tunnel vision and does
not allow to capture the complexity of many of today’s problems. However, many problems require

an assessment from many different disciplinary perspectives to create a more comprehensive
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understanding. This is because even the most highly educated and trained specialists may be
unaware of all the social, ethical, and biological dimensions of a certain problem or action (Repko
2008). The lack of appreciation by the disciplines for other disciplinary perspectives is also
seen as a weakness, while another critique argues that some problems are neglected because
the fall between disciplinary boundaries. Interdisciplinarity argues that creative breakthroughs
occur more often when different disciplinary perspectives are brought together, compared to
disciplinary work (Repko 2008). Finally, disciplines are critiqued for being products of a bygone
age. Some argue that disciplines were formed during an earlier historical period and that their
silo approach to learning and problem solving is no longer capable of providing understanding

for contemporary issues by itself (Repko 2008).

Disciplinarity vs Interdisciplinarity: The interdisciplinary critique of the disciplines is often
perceived as a rejection of the disciplines by interdisciplinarity, and has resulted in some tensions
between specialists and interdisciplinarians. However, interdisciplinarity is itself rooted in the
disciplines, which are, as such, foundational to the interdisciplinary approach. Interdisciplinarity
aims to offer an alternative way of knowing to disciplinary specialisation. Yet, the disciplines still
provide the necessary grounding to a particular problem (Repko 2008). As such, interdisciplinarity
does not intend to supersede the traditional disciplines but rather complement them (National
Academy of Sciences 2005). Disciplines offer rigid, and conservative methodological rigour,
exactness, and control for error. Interdisciplinarity can offer dynamic, flexible, liberal, integrative
ways for bridging knowledge and finding unity, all that a single discipline might not be able to be
or do (Weingart and Stehr 2000). It is, therefore, important to keep and nurture the disciplines
as the ultimate reference point, while embracing interdisciplinarity (Krishnan 2009).

Much more has been discussed on the role of disciplines and their relation to interdisciplinarity
(see, e.g., Krishnan 2009; or Jacobs 2017), but an in-depth discussion on this topic is outside

the scope of this study.

2.2.7 Interdisciplinarity compared to Other Modes of Research

Besides interdisciplinarity, other modes of research exist. Without aiming to provide a detailed

description and discussion of these modes of research, they are briefly illustrated below and
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visualised in Figure 5. Generally, five different modes of research can be distinguished from each
other: Disciplinary research, multidisciplinary research, participatory research, interdisciplinary
research, and transdisciplinary research (Tress et al. 2005a). Disciplinary, also known as
monodisciplinary research only has one specific goal within one of the currently recognised
academic disciplines and recognises the artificial boundaries of that discipline. Multidisciplinary
research involves several academic disciplines and has multiple, disciplinary goals in parallel, often
with the purpose of comparison, but does not cross subject boundaries or aim for any form of
integration. Participatory research involves academic researchers and non-academic participants
aiming to solve a problem through knowledge exchange, but not with the aim of knowledge
integration. Interdisciplinary approaches involve several unrelated academic disciplines in
a way that forces them to cross subject boundaries to create new knowledge and theory and
solve a common research goal. Transdisciplinary research combines an interdisciplinary with
a participatory approach by integrating both participants from different academic disciplines
and non-academic participants with a common goal to create new knowledge and theory through

integration.

The main difference between these modes of research lies in the participants, academic and non-
academic, and whether there is integration or not. Integration is only found in interdisciplinary
and transdisciplinary research, which is why these are often referred to as ‘integrative’ approaches

(Tress et al. 2005a).

2.2.8 Interdisciplinary Research in Practice

In practice, there is often a distinction between interdisciplinary research (IDR) and interdisci-
plinary education. Interdisciplinary education is often referred to as interdisciplinary studies (IDS)
and can be practised in the form of interdisciplinary universities, undergraduate programmes,
core curricula, and clustered courses, individual courses, independent studies, or as graduate and

professional studies (Klein 1990a). However, the focus of this study is on IDR.
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Figure 5 — Overview of research concepts. Image adapted from Tress et al. (2005b)?.

Interdisciplinarity research practices exist in multiple forms, ranging from simple borrowing' to
highly complex acts of knowledge integration and theoretical enrichment (Klein 1996). Inter-
disciplinarity in practice is, therefore, best understood as a variety of ways to cross, confront,
and bridge prevailing single disciplines and approaches (Huutoniemi et al. 2010). Interdisci-
plinary research aspires to demonstrate the interfaces and frontiers of different disciplines to the
researchers of those disciplines and to possibly even cross frontiers to develop new fields and
disciplines. However, the motives for interdisciplinarity evolve from a variety of interests, and

the form of practice will often depend on the interests that motivate the interdisciplinary path.

2Image adapted by permission from Springer Nature, Clarifying Integrative Research Concepts in Landscape
Ecology by Tress, Tress and Fry, Copyright (©)2018 by Copyright Clearance Center, Inc., 2005.

I The use of the tools, methods, concepts, and theories of one discipline in another is commonly known as ‘borrowing
and ‘cross-fertilisation’ (Klein 1996). Sometimes a borrowing becomes so assimilated within a discipline that it
is no longer perceived as foreign or borrowed. For example, electron microscopy originated within the physical
discipline but has become a common tool within biological research (Weingart and Stehr 2000). See also the use
of statistical methods by social scientists (Klein 1996).

I
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Interdisciplinary research is also pluralistic in its modes of participation, in that it can be
conducted in two different modes of participation: (1) in individual mode, in which a single
investigator or researcher masters and integrates several fields; (2) in group mode, in which a
group of investigators or researchers, wherein each has mastered one particular discipline, join
together to work on a common problem through communication and collaboration (National

Academy of Sciences 2005).

2.2.9 Examples of Interdisciplinary Projects: ClimeFish and SAF21

ClimeFish: The ClimeFish project is an EU-funded H2020 project (No 677039) financed under
the societal challenges area of the Horizon 2020 funding programme of the EU, with a primary
focus on research for innovation-related activities. The project addresses the societal challenge of
food security under climate change by investigating the effects and challenges of climate change
on fisheries and aquaculture. “The overall goal of ClimeFish is to help ensure that the increase
in seafood production comes in areas and for species where there is a potential for sustainable
growth, given the expected developments in climate, thus contributing to robust employment and
sustainable development of rural and coastal communities.” (ClimeFish 2016). To reach this goal,
the ClimeFish project brings together a consortium of 21 institutes from 16 different countries,
including non-academic stakeholders, which makes this not only an interdisciplinary project, but

also a transdisciplinary one.

SAF21: The SAF21 project is an EU-funded H2020 Marie Sktodowska-Curie (MSC) European
Training Network (ETN) (No 642080) with the primary focus on training a new generation of
innovative PhD candidates. The project addresses the challenges of managing complex social-
ecological systems by investigating fisheries systems from an interdisciplinary perspective. The
overall goal of the project is to develop an integrated understanding of the fine mechanisms
governing fishers’ behaviour in relation to the regulative processes and the interplay and effects of
such behaviour and processes on the ecological system. The aim is to use the knowledge from the
project for better informed decision making and to develop innovative management strategies, to

the benefit of decision makers, the fishing industry, and the environment. The project involves
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10 PhD candidates that are based at seven different institutions and supported by an additional

six partner organisations (SAF21 2015).
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The preliminary framework to guide and facilitate interdisciplinary SES research in practice was
developed as a procedural framework, a framework that primarily provides sequences of steps
or a set of planning guidelines (Cumming 2014). Procedural frameworks are often considered
problem-oriented frameworks because they focus on applying theory, rather than developing or

contributing to theory (Cumming 2014).

The framework development was based on an extensive literature review of interdisciplinary and
SES research to answer each of the RQs (see Figure 6). An overview of the research process is

briefly described here, and more details are provided below.

To address RQ1, design principles were developed and structured according to an ideal-typical
interdisciplinary research process (see details below). For RQ2, the challenges to comply with the
design principles and were identified, and for RQ3, the corresponding practical coping strategies,
i.e. practical strategies that can be implemented to prevent or overcome practical challenges,
were identified.

One of the main criticisms of many existing frameworks within the SES literature is the lack
of comparison and incorporation of other existing frameworks (Cumming 2014). Therefore, a
particular focus was put on the incorporation of existing frameworks from the literature during
the development of the framework. As a final step, experiences and lessons-learned from two
interdisciplinary EU projects ClimeFish (2016) and SAF21 (2015) were analysed and the coping
strategies from within the projects were also included in the framework. The design principles,
challenges, coping strategies, and existing frameworks were captured within the framework in a
structured and coherent manner.

To address RQ4, three selected coping strategies of the framework were demonstrated through

Papers 1-3 (Figure 6).
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Figure 6 — Overview of the framework development in relation to the research questions (RQ).
The literature on interdisciplinary research and on social-ecological system (SES) research
was reviewed and synthesised to develop design principles for interdisciplinary SES research
in practice, and to identify the practical challenges and coping strategies when complying
with the design principles. Coping strategies identified within the EU projects ClimeFish
and SAF21 were also added to the framework. Selected coping strategies were demonstrated
through Papers 1-3.

Literature Review, Analysis and Synthesis. A literature review is an objective and
thorough summary and analysis of relevant available research literature related to the topic being
studied (Cronin et al. 2008). This methodology was chosen because literature reviews can be
helpful to develop conceptual frameworks as well as to develop and update guidelines for practice

(Cronin et al. 2008). The review process follows a number of steps (1-6, see also Figure 7).

(1.) Selection of a review topic. The topic selection was guided by the research questions,
and therefore the two topics “interdisciplinary research in practice” and “SES research in

practice” were chosen, which determined the main bodies of literature for the review: literature
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on interdisciplinary research; literature on SES research in practice; and any literature that
addressed the two topics together. The focus was put on research practices, which are the

‘sayings’ or ‘doings’ by individuals or groups when conducting research.

(2.) The analytical reading process progresses RQ1 'RQ2 RQ3

from the general to the particular. This [

progress involves skim reading through a body

of literature and then picking out the specific Literature on Sele cltion o [ Literature on
Interdisciplinary review topic SES
papers that are relevant to the research ques- Research Research
tions. The process can be repeated several
times (Hart 1998). During the analytical read- v
2. Analytical
ing process, the comprehensiveness and rele- Reading
vance of the literature needs to be considered 3. Information
Extraction
(Cronin et al. 2008). Following the analytical |
reading process, particular focus was put on 4. Analysis
literature relevant to the research questions, '
5. Synthesis
which narrowed down the relevant literature to i
. . . 6. Structure
publications with a focus on practice, whereby P = .
. I Desian practical Practical | |
only literature relevant for the development I eslg ctic Coping | |
Principles Challenges :
| Strategies | |
of the framework was considered. Only peer- T
Framework

reviewed literature was considered for this pur-
Figure 7 — Overview of the literature review

pose. process.

(3.) The relevant information was extracted from the literature.

(4.) During the analysis process, the researcher selects and differentiates between the information,
to determine the organising principles between them and thereby identifying the main variables
(Hart 1998). During the analysis, the extracted information from the interdisciplinary literature

and the SES literature was examined and the main ideas and concepts were identified.

(5.) Synthesis is the process of integrating, combining, formulating, and reorganising the
information derived from the analysis (Hart 1998). During the synthesis process, the analysed

information from the two bodies of literature was integrated and combined to create new principles:
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describing the process of interdisciplinary SES research in practice, thereby crossing the interface

between interdisciplinary research literature and SES research literature.

(6.) The analysed and synthesised information was structured into the framework, based on the

ideal-typical interdisciplinary research process.

This review method was used to develop the design principles for interdisciplinary SES research,
to identify the practical challenges of this research process, and to identify the coping strategies
to prevent and overcome the practical challenges of the interdisciplinary SES research process.

These steps are explained in more detail below.

The ideal-typical interdisciplinary research process can be described through several steps
(see Figure 8). These steps, based on Szostak (2013), are similar to what has been described by
other authors (see e.g. Klein (1990b), Repko (2008), and Rutting et al. (2016)), and demonstrate
what is generally considered important and commonly needed for an interdisciplinary research

approach.

. State the problem or focus question

. Justify using an interdisciplinary approach.

. Identify relevant disciplines.

. Conduct the literature search. @

. Develop adequacy in each relevant discipline.
. Analyze the problem and evaluate each insight into it.
. Identify conflicts between insights and their sources.

. Create or discover common ground.

Ideal-Typical Interdisciplinary
Research Process
©W 00 N O G h|IWDN =

. Integrate insights.

10. Produce an interdisciplinary understanding and test it

Figure 8 — The ideal typical interdisciplinary research process. The research steps are based
on Szostak (2013), and were synthesised into three phases: ‘What’ is the orientation phase
for problem identification; ‘Who’ is the preparation phase for identifying the disciplines and
what scientists to include; ‘How’ is the analysis and integration phase where new knowledge
is produced.

The research steps were conceptualised into three phases: (1) ‘What’ is the orientation phase
for problem identification and framing; (2) “Who’ is the preparation phase for identifying the
necessary disciplines and building a collaborative team; and (3) ‘How’ is referred to as the

integration phase, but includes analysis, integration, and production of new knowledge and
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insights through collaborative research. The research steps were conceptualised into three phases

to generalise the research process.

Different strands of literature—drawing on the literature of SES research (e.g., Binder et al. 2013;
Cumming 2014), and on the literature of interdisciplinary research (e.g., Pischke et al. 2017;
Repko 2008; National Academy of Sciences 2005) in theory and practice—were reviewed and
synthesised into comprehensive and practice-oriented design principles for interdisciplinary
SES research. The design principles were structured into the three different phases of the

interdisciplinary research process (Figure 8).

In the next step, exemplary challenges and corresponding coping strategies of the design
principles, and existing frameworks were identified through a review of the literature and

empirical case studies of interdisciplinary or SES research.

The design principles, challenges, coping strategies and existing frameworks were structured and

presented within the framework, which is described in the Results section 4.1.

In addition to the review process, the experiences from the two EU-funded H2020 projects
ClimeFish (2016) and SAF21 (2015) were analysed. The project proposal and the overall project
execution (e.g. in terms of scientific workflow, project coordination and management procedures),
and personal experiences (e.g. from meetings and teamwork experiences) were analysed to
identify any applied coping strategies. Coping strategies were identified by assessing the project’s
proposals and procedures, which were applied for scientific processes and team management.
Any identified coping strategies were added to the framework. First-hand insights into both of
these projects and their internal procedures were available because I was a PhD Candidate in

SAF21 and I am employed as a researcher for ClimeFish at the time of writing this study.

In a final step, three coping strategies and three corresponding methodologies were selected to
demonstrate these strategies. The Papers 1-3 demonstrate these strategies and methodologies.

The methodologies are explained in detail within the individual papers.
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4 Results

4.1 Framework to Guide and Facilitate Interdisciplinary Social-Ecological

System Research in Practice

Framework Condition: Before applying the framework, a condition needs to be fulfilled: the
study for which this framework will be used needs to qualify as SES research (see Glossary or
Introduction). Only when this condition is fulfilled can the application of the framework be

useful to guide and facilitate the planning and conduction of the study.

The framework developed in this preliminary study describes the design principles (A1-3, B1-3,
C1-4), challenges, and coping strategies for conducting interdisciplinary SES research in practice,

which are explained in detail below, and summarised in Table 4.1 at the end of the section.
A: Orientation phase—What?
e Al: State the problem or research question.

The research problem needs to be clearly defined within the social-ecological system context and
trigger a scientific research question. This design principle can be challenged through a lack of
guidance on research priorities and by difficulties to identify research gaps within an SES domain
(Cumming 2014). In addition, if issues are not perceived as problematic due to a lack of problem
awareness and recognition, a common problem definition can further be challenged (Lang et al.
2012). To overcome these barriers, firstly, a pre-assessment or pilot study can be conducted to
raise problem awareness while assessing the status quo, e.g. through an overview of past research
trends or a gap analysis. Research priorities can be set by identifying pressing societal challenges
within an SES that need to be addressed (Brown et al. 2015), e.g. based on the United Nation’s
Sustainable Development Goals (United Nations 2015). In addition, all team members should be
involved in the framing of the problem and definition of the research question to find common
ground (Morse et al. 2007). A clear problem definition can be facilitated by using the framework
for interdisciplinary problem framing by Clark et al. (2017), who offer the following guiding
principles and questions: Clarify goals (value task): what are we trying to accomplish? (2) Map

trends (history task): what has happened? (3) Identify conditioning factors (explanation task):
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why has it happened? (4) Make projections (futuring task): what is likely to happen in the
future? and (5) Develop and evaluate alternatives (practical task): what are we going to do

about it?
e A2: Consideration of theoretical elements for the study of SES.

SES are inherently complex and therefore studying them requires the consideration of theoret-
ical frameworks that can guide the conceptualisation of SES and an effective analytical focus
(Cumming 2014). Yet, not one theoretical framework can provide sufficient theory for all feasible
situations (McGinnis et al. 2012). Consequently, there has been a growing body of scientific
theory on SES (Cumming 2011, p. 7) and many different frameworks have been developed to
structure SES research (Ostrom 2009; Binder et al. 2013; Cumming 2014). These frameworks
differ significantly in their goals, applicability, and conceptualisation of the SES, which hinders
comparison of the frameworks and the diversity of results. In addition, researchers tend to
develop new frameworks without fully explaining what its new elements are and how it relates to
existing frameworks (Cumming 2014). The high diversity of frameworks, lack of overview, and
uncertainty about strengths and weaknesses of the available frameworks, make it challenging to
choose an appropriate framework for a particular research question (Binder et al. 2013).

To overcome these challenges, Binder et al. (2013) provide guiding questions for the selection
of an appropriate framework as well as a comprehensive review of established frameworks one
could possibly draw from. Additional reviews on existing frameworks should also be considered,
like the one provided by Cumming (2014). The quality of these theoretical frameworks can then
be assessed through the seven criteria for theoretical frameworks (Cumming 2014), to highlight
strengths and weaknesses, and to evaluate whether they are suitable for the interdisciplinary
SES study in question. These seven criteria can be summarised as follows (based on Cumming

(2014)):

1. Social-ecological core: frameworks need to clearly link the social and the ecological system
and be strong in both the social and the natural sciences.

2. Empirical support and translation modes: frameworks should be supported by rigorous
empirical studies and should include translation modes that allow empirical observation to

be connected to theory and vice versa.
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3. Mechanisms: frameworks should be able to provide insights into causality and should offer
explanations for the observed complex behaviours in real-world SES.

4. Spatio-temporal dynamics: frameworks should deal with the spatial nature and spatial
variation of SES, as well as the nature of change through time.

5. Disciplinary context: frameworks should relate to previous frameworks and strive for
synthesis between previous work, while highlighting their weaknesses and strengths.

6. Interdisciplinarity and transdisciplinarity: Frameworks should offer connections between,
and cope with, complementary perspectives and different disciplines.

7. Direction: Frameworks should offer direction for the study of SES to advance our theoretical

understanding of them.
o A3: Justify and promote benefits of using an interdisciplinary approach.

Interdisciplinary SES research requires an interdisciplinary approach. However, not every research
question allows for an interdisciplinary inquiry. Similarly, some theoretical frameworks for the
study of SES do not support the integration of different disciplines. Another challenge for
an interdisciplinary approach may also be a lack of support by the researchers and research
community. Researchers with negative perceptions and attitudes may not want to engage in
interdisciplinary studies, and thereby also de-motivate others from doing so, or create a fear of
failure. These attitudes and fears can hinder the creativity and innovation potential in researchers,
and, as such, impede the interdisciplinary research process (Schleier and Carver 1993; West et al.
2009b; Rego et al. 2012; Darbellay et al. 2017).

To overcome these challenges, firstly, the formulated research question must be able to justify
the interdisciplinary approach. The following criteria can be used to identify and justify if and
why the research question and study requires an interdisciplinary approach (National Academy
of Sciences 2005): (1) The problem or question is complex; (2) Important insights or theories
of the problem are offered by two or more disciplines; (3) No single discipline has been able to
address the problem comprehensively or resolve it; and (4) The problem is an unresolved societal
need or challenge.

The underlying SES-theory should also be selected with care, to ensure that it allows for an
integration and linkage of different disciplines, as already highlighted above (see guiding questions

by Binder et al. 2013; and quality criteria by Cumming 2014).
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The perceptions and attitudes of researchers towards interdisciplinarity can be assessed before
starting the interdisciplinary project. An assessment can identify if and why researchers feel
negatively about interdiscplinarity. These negative perceptions can then be targeted and
addressed, to increase positive perceptions and thereby researchers’ support. To gain the support
of researchers for an interdisciplinary approach, it is important to foster optimism, positive
thinking, and create a stimulating environment that enables team positivity and creative thinking.
Optimism, positive thinking, and awareness of the importance and benefits of interdisciplinarity
can be fostered by highlighting ‘bright spots’ (Cvitanovic and Hobday 2018). Bright spots
are those instances in which interdisciplinary science and researchers have been positive and
successful, and the benefits of interdisciplinarity are clearly shown. When people feel optimistic
about their research endeavour, it increases their creativity and innovation potential, and has
a positive effect on team work (Scott and Hofmeyer 2007; West et al. 2009a; Rego et al. 2012;

Tang and Werner 2017).
B: Preparation phase—Who?
e B1: Identify and select relevant disciplines.

Disciplines that can substantially contribute to the problem and research question with their
theories and insights should be selected. A common challenge is to identify relevant disciplines,
weigh up their necessary contribution, and develop an understanding of the different disciplinary
perspectives on the research topic. Relevant disciplines can easily become underrepresented
during the research process if they have not been identified correctly or vice versa, where
too many unnecessary disciplines are participating (Repko 2008). It can be very tempting to
rely on an already existing network of research collaborators, the “usual suspects”, the people
who have previously been involved in research projects and who are generally interested in an
interdisciplinary SES approach. However, selection of participating disciplines should be based
on predefined expertise and expert selection criteria, informed by the framing of the problem.
In addition, SES research requires that both the social and ecological system are considered,
which means that both the natural and the social sciences should be involved in the SES research
process (Cumming 2014).

To identify relevant disciplines in a structured manner that justifies their participation, the
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research question and SES theory can be ‘mapped’ with the potentially relevant disciplines
(Repko 2008). This can be achieved through a research map, which explicitly states the purpose
of the research, identifies what disciplines are potentially relevant to address that research, states
the perspective of each discipline, and identifies assumptions of each discipline (Repko 2008,
p.149). A competence matrix can be used to map the competences found in different disciplines
to specific tasks within a project. This can help to identify overlap or lack of required disciplinary

competences (ClimeFish 2016)3.
e B2: Identify and select relevant research team members.

Members of interdisciplinary teams are often selected based on their disciplinary expertise. Yet,
a common challenge when building an effective interdisciplinary research team can be to find
personnel and team members with good interpersonal skills and who have shared goals (Halvorsen
et al. 2016). A lack of interpersonal skills as well as conflicts in personality types among team
members can strongly hinder interdisciplinary team work (Romero-Lankao et al. 2013; Pischke
et al. 2017). Problems also occur when prejudices, reservations and resistances persist within
disciplines when it comes to working with disciplines that are ‘not your own’ (Paterson et al.
2010).

One important aspect for any successful team is the selection of an interdisciplinary team
leader. Leaders of interdisciplinary teams require a special skill set for them to be successful.
They require high levels of intelligence, educational status, self-confidence, and sensitivity to
the socio-emotional needs of the team members (Stokols et al. 2008), while they should also
have a multi- or interdisciplinary expertise (Salazar and Lant 2018). Team leaders need to be
assigned at the beginning of the project, so that they can delegate and help to get the team
focused on preparation, maintaining cooperation, and providing a contact point for questions or
problems during the project (Pischke et al. 2017). Team leaders should also encourage shared
responsibility, individual and group accountability, flexibility, creativity, and patience among
team members (Morse et al. 2007; Cheruvelil et al. 2014; Pischke et al. 2017). Strong leadership
can create a strong identity with the group and a commitment of the team members to the

group’s aims and goals (Halvorsen et al. 2016). Leaders can also take the role of knowledge

3 Any citation of SAF21 or ClimeFish in this section implies that the information was extracted from one of the
projects.
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brokers to support the knowledge integration process. Knowledge brokers should be experts in
problem conceptualisation, rhetorically strong, and well-read in multiple disciplines (Arlinghaus
et al. 2014).

It is important to employ the right mix of people when setting up an interdisciplinary research
team (Arlinghaus et al. 2014). The researchers in the team should want to sit down together
with researchers from other disciplines. The researchers should have an open mind and a broad
interest, while it also makes it easier to step into other disciplines’ concepts if they are widely-read
(Paterson et al. 2010). Particularly important is also the ability to re-think one’s own values or
position when they are being challenged by colleagues from other disciplines. Developing such
reflexivity will often require understanding on both the intellectual and personal level (Halvorsen
et al. 2016).

Team members should be selected based on strong communication, interpersonal and teamworking
skills, high social sensitivity and deep emotional engagement, besides their scientific and technical
skills (Castédn Broto et al. 2009; Halvorsen et al. 2016). An assessment of researchers culture
through e.g. the Hofestede model of cultural dimensions (Hofstede 2011), could reveal additional
insights into members’ interpersonal strengths and weaknesses. Teams should also aim for high
diversity in age, gender, race, and class amongst members to reach better performance (Halvorsen

et al. 2016).
e B3: Build and maintain a strong interdisciplinary research team.

A successful interdisciplinary SES research project requires a strong interdisciplinary team
from start to end. As such, establishing a team is just as important as maintaining a team
by keeping all team members engaged and committed to the project. Challenges in managing
and maintaining interdisciplinary teams can be caused through unequal research responsibilities
among the involved disciplines (Lang et al. 2012), and asymmetries between senior and junior
researchers that lead to conflicts (Pischke et al. 2017). Conflicts among team members can also be
caused through personal conflicts, cultural differences, false expectations on what interdisciplinary
work may entail, or arising frustrations among interdisciplinary researchers when lengthy time
commitments are required to combine disciplinary data or write interdisciplinary papers (Pischke
et al. 2017).

For interdisciplinary teams to be successful, they should aim to have ten essential key char-
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acteristics, including: leadership and management, effective communication, personal rewards,
training and development, appropriate resources and procedures, appropriate mix of skills and
individual characteristics, positive and enabling climate, clarity of a shared vision, quality and
outcomes, and respect and understanding (Jacob 2015). For example, personal rewards could be
small group gatherings with cake to celebrate the small successes. Training and development
can be facilitated in research groups by hiring trainers and through active course participation
(ClimeFish 2016; SAF21 2015); a positive and enabling climate can be promoted through support
and encouragement by team leaders and colleagues; and quality and outcomes can be achieved
through successful integration and documentation of the research.

Team members can be trained in cultural awareness, e.g. through the Hofstede culture com-
pass®, to better work in international environments with colleagues from different countries and
cultures. Training in conflict management can also be provided to ensure that team members
learn techniques and methods in how to reduce conflict potential or how to resolve arising issues.
In case conflicts arise, these should be solved as close to the problem origin as possible and
not involve more people than necessary (SAF21 2015; ClimeFish 2016), and researchers should
consider to solve the conflict internally (National Committees for Research Ethics in Norway
2007, paragraph 21).

Team members can also be prepared and trained in advance of conducting interdisciplinary work
to create realistic yet flexible expectations among the participants (Gardner et al. 2013). This
could entail agreed guidelines for team members, which can facilitate planning and minimise
misunderstandings, while also resolving timing and monetary problems (Pischke et al. 2017).
Fostering respect and trust among researchers can additionally facilitate communication, and
overcome time, logistics, and personal relationship barriers. Trust-building can be achieved by
facilitating and designing interactive team-building experiences and exercises that have nothing
to do with the research project (Pischke et al. 2017). Face-to-face meetings can also provide the
opportunity to foster trust (Bridle et al. 2013), by providing the opportunity to discuss problems
and disagreements (Huston 2012). Equally important is the immediate and conscious integration
of social and natural scientists into the team to present their efforts as equally valuable (Halvorsen

et al. 2016).

‘https://www.hofstede-insights.com/cultural-survey-pre-paid/
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C: Integration phase—How?
e C1: Ensure clear communication.

Clear communication is crucial for successful integration, as well as the overall execution of
the research over the full project lifetime (Jacob 2015). Yet, finding a common vocabulary for
communication across multiple disciplines can also create major challenges in interdisciplinary
research (Strober 2006; Barlow et al. 2011; Romero-Lankao et al. 2013). Communication is often
challenged due to the discrepancies in understanding of concepts and terminology among partici-
pants. Therefore, communication can be particularly challenging at the beginning of a project
when new modes of communication still have to be developed, when explaining disciplinary
concepts (Pischke et al. 2017), finding common ground for problem definitions, and setting up
a research plan (Morse et al. 2007; Lang et al. 2012; Brown et al. 2015). Communicating the
outcomes and results of the project to a wider audience in a coherent manner can be equally
challenging (Morse et al. 2007). The more disparate the disciplines’ traditions are from each
other, the easier miscommunication occurs (Morse et al. 2007; Lang et al. 2012; Brown et al.
2015; Pischke et al. 2017).

To facilitate communication among researchers from different fields, project specific glossaries and
ontologies could be developed early in the project or at the proposal stage. Open encounters also
have a positive effect by fostering training in cross-disciplinary communication among participants
(Bridle et al. 2013). During these encounters, individual researchers should be both, willing and
able, to explain their science in simple words and concepts, while also being open to learn from
each other. Feedback questions help to avoid ‘disciplinary’ misunderstandings.

Research team leaders can additionally facilitate team communication by applying leader commu-
nication strategies for which statements should be problem-focused, procedural, socioemotional,

and action-oriented (Salazar and Lant 2018).
e C2: Design and conduct interdisciplinary SES study.

Thorough planning and design of an interdisciplinary SES study is essential to successfully
navigate through the complexity inherent to conducting interdisciplinary SES research, on both
a scientific, as well as an administrative and organisational level. Differing interdisciplinary

practices of researchers can also lead to chaos and confusion, regarding research and publications
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protocols, treatments of subjects, data access and availability, roles, authorship or basic etiquette,
due to traditions and disciplinary cultures (Bosch and Titus 2009; Pischke et al. 2017).
Interdisciplinary research can also be impeded by resources, most commonly time and money,
because, often, more time and money is needed than would be necessary for a similar single
disciplinary project (Morse et al. 2007; Pischke et al. 2017). Problematic is also that short-term
funding is often not feasible for interdisciplinary projects that require long-term planning and
execution.

To better manage the complexity of interdisciplinary SES project, an Interdisciplinary Research
Management Framework can be applied in the organisational design of the project, which can
help to manage work-flows and to set up functioning structures within the project team (Konig
et al. 2013). This frameworks makes duties of researchers and project managers explicit and
enables project set-up in a systematic way.

Also the scope, type and goal of the project is best to be set early and made explicit to all
project participants. In particular, to explicitly plan and account for the scope, type and goal of
interdisciplinarity, a typology for interdisciplinarity, such as the one by Huutoniemi et al. (2010)
can be applied.

An iterative-loop can be incorporated into the project plan to evaluate and re-assess the quality
and validity of the results. As such, the first loop of the research process will generate the results,
which will then be evaluated. In a second loop, any issues or problems that have been identified
with the results can be addressed. After the second loop, results are re-assessed and validated if
their quality is satisfying. This loop process allows for an evaluation and for additional time
requirements, that are often necessary in interdisciplinary work (ClimeFish 2016). In addition,
planning and accounting for high resource needs is important, while also planning for a surplus
in budget might be useful to cover unexpected costs in case problems or issues are encountered

(Pischke et al. 2017; Bosch and Titus 2009).
o C3: Integration.

In interdisciplinary research, integration is perhaps among the biggest challenges (Strober 2006;
Morse et al. 2007; Gardner et al. 2013; Romero-Lankao et al. 2013). Challenges of integration
can occur on many levels, ranging from communicative, organisational, technical, to cognitive. In

particular, integrating experimental design, fieldwork plans and data collection have been found
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challenging. Sharing and combining information across disciplines can create additional obstacles
(Pischke et al. 2017). During integration processes, barriers can occur due to an attachment to
one’s own discipline, which creates difficulties when aligning research questions and focus across
disciplines (Pischke et al. 2017). The lack of detailed plans from the beginning of a project,
regarding how and what to integrate, can make the integration process messy and time-consuming
(Morse et al. 2007; Barlow et al. 2011; Pischke et al. 2017).

The often difficult integration of social- and natural sciences in SES research can be facilitated
by following well-defined processes that lead to effective execution and integration in interdisci-
plinary research practices. For example, the methodological framework developed by Tobi and
Kampen (2018) provides guidance on the conceptual and theoretical design, operationalisation,
execution, and integration of interdisciplinary research. The inclusion of a clear study design,
data management plans and sampling designs facilitate interdisciplinary integration. In addition,
researchers can be trained in methods that allow for an interdisciplinary process and integration
in an SES context (SAF21 2015).

Integrative processes commonly contain many interdependencies between tasks, i.e. when one
task needs to be fulfilled to address the next task. It can therefore be helpful to map these
interdependencies, to highlight where the dependencies lie and with which team members. The
interdependencies also represent risks that might hinder project completion. With an interdepen-
dency map, these risks can also be identified and risk mitigation strategies can be developed, e.g.
what alternatives can be used in case task X cannot be fulfilled (ClimeFish 2016).

Regular and frequent meetings, preferably face-to-face, allow for a generative process that can
go beyond parallel play and into integration. Frequent meetings also allow for researchers to
germinate and refine their ideas, and to respond as the work evolves, while planning next steps
in the research process (Huston 2012).

The connections between interdisciplinarity and creativity have also been explored with the aim
to suggest strategies for interdisciplinary researchers. To appreciate interdisciplinary research
as a creative thinking process, strategies such as mindfulness practice, meditation and physical
exercise could additionally be considered because these practices have been found to enhance
creativity (Darbellay et al. 2017). Serious games and live-action role playing can also be used to

enhance creativity and stimulate discussions within teams (ClimeFish 2016; SAF21 2015).
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e C4: Documentation of interdisciplinary SES research and transferability of results.

In interdisciplinary studies, the assessment of interdisciplinarity can be difficult if the integration
process and outcome are not made transparent and explicit. The evaluation of the performance
and quality of the results can also be hard to determine for external reviewers when novel and
unfamiliar approaches have been applied. Yet, external evaluation often plays a crucial role for
the success of a project and the dissemination of project outcomes, when facing (peer-)review
and assessment of publications, grant proposals, and reports. In addition, the conceptualisation
of the SES in question, and the theory underpinning the research, often lack reasoning for why a
certain theory was chosen and whether it was based on existing theoretical frameworks. This
hinders comparison and transferability of the results as such studies can only provide limited
case-specific solutions.

To overcome these obstacles, first, a typology of interdisciplinarity (e.g. the typology by
Huutoniemi et al. (2010)) can be applied to make the scope, type, and goal of interdisciplinarity
explicit. The application of a typology can facilitate the documentation of interdisciplinary
research and make the description of the integrative process comprehensible to outsiders. It,
thereby, increases the transparency of the research and allows for an easier comparison to other
interdisciplinary studies.

For the documentation of research performance and quality, the seven generic principles for
interdisciplinary research evaluation by Klein (2008) provide a coherent framework that can
be used as a guide. These principles include (1) variability of goals; (2) variability of criteria
and indicators; (3) leveraging of integration; (4) interaction of social and cognitive factors in
collaboration; (5) management, leadership, and coaching; (6) iteration in a comprehensive and
transparent system; and (7) effectiveness and impact. Lyall et al. (2011) also provide practical
quality criteria for interdisciplinary research proposals that can provide valuable insights when
applying for research grants. These criteria include, for example, that the proposal should indicate
the benefits for the disciplines, or the societal and business benefits, that the proposal should
justify the interdisciplinary approach and the choice of disciplines. Following principles and
quality criteria, such as the ones by Klein (2008) and Lyall et al. (2011), for the documentation
of the research can facilitate the evaluation of the quality and performance of the research.

The conceptualisation of the SES and application of any existing theoretical frameworks should
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also be made explicit and contain clear reasoning for why a certain theory was chosen (see
again Binder et al. (2013) from above). The gained knowledge can then be reintegrated into the
literature and with similar studies. Therefore, a comparative study from which generalisable
results can be derived and how the study builds on existing frameworks can already be considered
when planning the research.

Finally, the practice of open science through open access data and publications and by making
code and model simulations openly available increases the transparency of the research. Thus, it
enables researchers, reviewers, and evaluators to access the data, re-run analysis and gain insights
into the quality of the results and how they were generated. This also allows other researchers
to use, replicate and adjust the analysis and to apply it to other case studies (ClimeFish 2016;
SAF21 2015).
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Table 1 — Design principles for an interdisciplinary SES research process and associated practical challenges with an outline of exemplary
practical coping strategies. Sources contain references to challenges. Text in bold highlights coping strategies that have been demonstrated
in practice through the Papers 1-3 (section 4.2). Text in italic highlights existing frameworks that have been incorporated into the coping

strategies.

Design principles

Challenges

Description of Challenges

Exemplary Coping Strategies

Sources

A: Orientation phase—What?’

A1: State the problem or
research question

Lack of guidance for fu-
ture SES research; Lack
of problem awareness

Difficulties to identify re-
search gaps and research pri-
orities in SES domain; lack
of problem awareness; Diffi-
culty finding common ground
for problem definition

Conduct pilot study to build
problem awareness; Gap analysis and
assessment of status quo, map-
ping with societal challenges; apply
framework for interdisciplinary prob-
lem framing

Morse et al. 2007; Lang
et al. 2012; Cumming
2014; Brown et al. 2015;
Clark et al. 2017

A2: Consideration of
important theoretical ele-
ments for the study of SES

Difficulty choosing
appropriate theoretical
SES framework

Different existing theoreti-
cal frameworks and lack of
overview; Theory context de-
pended; Frameworks are not
comparable

Follow guiding questions for selection
of appropriate theoretical framework;
Use existing reviews of SES frame-
works; Apply criteria to assess theo-
retical frameworks

Binder et al.
Cumming 2014

2013;

A3: Justify and promote
benefits of using an inter-
disciplinary approach

SES theory does not in-
tegrate interdisciplinar-
ity; Insufficient support
for interdisciplinarity

Underlying SES-theory im-
pedes interdisciplinary ap-
proach; Research question
does not justify an interdis-
ciplinary approach; Negative
perceptions and lack of sup-
port for interdisciplinary ap-
proach

Apply criteria for identification and
justification of an interdisciplinary
research question; Select theoreti-
cal framework that allows interdisci-
plinarity; Assess perceptions of
interdisciplinarity; Build opti-
mism; Create awareness for need of
interdisciplinarity

National Academy of
Sciences 2005; Paterson

et al. 2010; Binder et al.

2013; Cumming 2014
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Table 1 — continued.

Design principles

Challenges

Description of Challenges

Exemplary Coping Strategies

Sources

B: Preparation phase—Who?’

B1: Identify and select rel-
evant disciplines

Weigh disciplinary rep-
resentation according
to research question

Under- or over-representation
of disciplines in the research
process; Lack of understand-
ing of disciplinary perspec-
tives

Mapping of disciplines (expertise and
interests) to SES-theory and research
question; Application of competence
matrix

Repko 2008; Lang et al.
2012

B2: Identify and select rel-
evant research team mem-
bers

Lack of team members
with the right skill set;
Lack of team leaders

Team members lack inter-
personal skills and necessary
expertise; negative percep-
tions, disrespect and prej-
udice towards other disci-
plines/members; Lack of lead-
ership within the team

Assign skilled inter- and multidisci-
plinary team leaders and knowledge
brokers early in the project; Choose
team members with shared goals,
and based on their attitudes, exper-
tise and (inter-) personal qualifica-
tions

Stokols et al. 2008,

Castan Broto et al.
2009; Paterson et al.

2010; Romero-Lankao
et al. 2013; Arlinghaus
et al. 2014,Halvorsen et

al. 2016,Pischke et al.

2017; Salazar and Lant
2018

B3: Build and maintain
a strong interdisciplinary
team

Lack of trust, legiti-
macy and commitment;
unbalanced team com-
position

Arising frustrations and
conflicts between scientists;
Project drop-outs; Conflict
due to disciplinary, age, and
gender differences; Unequal
responsibilities

Pursue key characteristics for suc-
cessful teams; Specialised training
for team members; Solve conflicts
close to the problem origin; Create
realistic expectations; Team-building
exercises and social activities

Schleier and Carver

1993,Stokols et al.
2008, West, et al.

2009a,Lang et al. 2012;
Jacob 2015; Pischke
et al. 2017
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Table 1 — continued.

Design principles

Challenges

Description of Challenges

Exemplary Coping Strategies

Sources

C: Integration phase—How?’

C1: Ensure clear Commu-
nication

Miscommunication

Misunderstandings; Different
disciplinary languages; Dis-
crepancy in understanding of
concepts and terminology; Dif-
ficulty communicating inter-
disciplinary results

Develop project specific glossaries
and ontologies; Open face-to-face en-
counters; Incorporate feedback ques-
tions; Follow good leader communi-
cation

Strober 2006; Morse
et al. 2007; Barlow et
al. 2011; Lang et al.
2012; Gardner et al.
2013; Romero-Lankao
et al. 2013; Brown et
al. 2015; Pischke et al.
2017; Salazar and Lant
2018

C2: Design and con-
duct interdisciplinary SES
study

Complexity of project;
Unstructured approach;
Lack of resources

Conflicts over aims and goals;
Different expectations among
team members; time and
money limitations

Follow framework for interdisci-
plinary research methodology; Iden-
tify scope, type and goal of interdisci-
plinarity early in the project; Apply
research management framework; In-
corporate iterative-loop to evaluate
and assess quality of the results; Plan
and account for high resource needs

Bosch and Titus 2009;
Pischke et al. 2017,
Tobi and Kampen 2018

C3: Integration

Lack of integration;
Lack of clear project
and integration man-
agement

Lack of research plan; Lack
of integrative process; Misun-
derstandings of what to inte-
grate and how; Unclear pro-
cesses of who does what and
when; Lack of creativity

Follow framework for integration;
Training in methods that allow for
integration; Map interdisciplinary in-
terdependencies; Regular and fre-
quent meetings; Promote and facili-
tate creative thinking processes

Morse et al. 2007; Bar-
low et al. 2011; Pischke
et al. 2017
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Table 1 — continued.

Design principles

Challenges

Description of Challenges

Exemplary Coping Strategies

Sources

C4: Documentation of
interdisciplinary SES re-
search and transferability
of results

Lack of transparency;
Difficulty to assess re-
search quality and per-
formance; Uncertainty
of theoretical founda-
tion; Lack of transfer-
ability

Integration difficult to iden-
tify; Difficulty to evaluate re-
search performance and qual-
ity; Choice for theoretical
framework unclear or not ex-
plicit; Generalisation and com-
parison of results not possible;
Limited case-specific solutions

Explicit documentation of
scope, type and goal of inter-
disciplinarity; Explicit and clear
reasoning for the choice of theoret-
ical framework underpinning the
SES research; Reintegrate generated
knowledge into the literature and
with similar studies; Practice open
science

Huutoniemi et al. 2010;
Binder et al. 2013;
Cumming 2014
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4.2 Demonstration of Selected Coping Strategies

The three Papers 1-3 are demonstrations and practical examples for an application of selected
coping strategies suggested in the framework. The papers provide a methodology that can be
used to apply a coping strategy and demonstrate what the results may look like when applied to

a specific research domain, which is explained in detail below and summarised in Table 2.

Demonstration of Al: Conduct Pilot study, Assessment of Status-quo. The coping
strategy Al is demonstrated in Paper 1 (Using Machine Learning to Uncover Latent Research
Topics in Fishery Models). Paper 1 demonstrates a methodology to conduct a pilot study
as a coping strategy for the design principle A1l: “State the problem or research question”.
Challenges of this design principle include a lack of problem awareness, difficulties to identify
research gaps and an overall lack of guidance for future SES research direction. Paper 1 applies
a machine-learning method to conduct a topic analysis of fisheries modelling publications from
1990-2016. The results provide insights into the past and current research trends of the fisheries
modelling domain. This analysis exemplifies a methodology that can be used to identify research
topics, trends and gaps (for more details see the paper). The approach can serve as a coping
strategy in two ways: (1) it can be applied as a pilot study that provides empirical evidence to
scope the problem and to create problem awareness, e.g. to demonstrate that research trends do
not align with research needs to address societal challenges and sustainable development goals;
(2) it can be used to assess the status-quo within a domain, and to identify if and what topics
are not addressed within a research domain. The results can be used to guide future research

direction and to state the problem and research question.

Demonstration of A3: Assess Perceptions of Interdisciplinarity, Build Optimism.
The coping strategy A3 is demonstrated in Paper 2 (Interdisciplinary Optimism? Sentiment
Analysis of Twitter Data). Paper 2 demonstrates a methodology to assess perceptions of
interdisciplinarity and how to build optimism as a coping strategy for the design principle A3:
“Justify using an interdisciplinary approach”. Negative perceptions of interdisciplinarity and
lack of support for an interdisciplinary approach can challenge this design principle. Paper 2

identifies perceptions of interdisciplinarity and highlights optimistic opinions. The sentiment
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analysis of Paper 2 can be applied as a coping strategy in the following ways: (1) to assess
whether there is support for interdisciplinarity on a larger scale, e.g. within a country or city, a
wider research community, or within a university or faculty; (2) to identify the audience or cause
of negative perceptions of interdisciplinarity in order to target particular negative audiences by
creating specific incentives, or by solving the identified causes and problems; (3) to identify the
audience and cause of positive perceptions, which can be used to highlight the ‘bright spots’ of

interdisciplinarity to create more interdisciplinary optimism.

Demonstration of C4: Explicit Documentation of Scope, Type and (Goal of Interdis-
ciplinarity. The coping strategy C4 is demonstrated in Paper 3 (An Interdisciplinary Insight
into the Human Dimension in Fisheries Models). Paper 3 demonstrates a methodology that can
be applied for the explicit documentation of the scope, type and goal of interdisciplinarity as a
coping strategy for the design principle C4: “Documentation of interdisciplinary SES research
and transferability of results”. Paper 3 identifies and assesses interdisciplinarity by applying a
typology for the scope, type, and goal of interdisciplinarity to a diverse set of fisheries modelling
publications. It shows how the application of a typology makes interdisciplinary work more
comparable with other studies and therefore allows for an easier re-integration of case studies
with the literature.

The method from Paper 3 can be applied as a coping strategies in two ways: (1) the typology
can be applied before and during a project to document the interdisciplinary scope, type and
goal of the research. This will make the interdisciplinary work more accessible, understandable,
and transparent; (2) if the documentation of interdisciplinarity is lacking in e.g. a publication or
grant proposal, the typology can be applied to assess interdisciplinarity. This can make other
work more comparable to one’s own study. However, proper documentation of interdisciplinarity
should always be the primary goal. In particular, because Paper 3 also shows the large efforts

required to identify and assess interdisciplinarity when there is a lack of documentation.
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Table 2 — Overview of the methodologies and study objects that were used to demonstrate the

coping strategies through the Papers 1-3.

Coping strategies Methods Study objects
A1: Conduct Pilot study; - Information retrieval Fisheries;
Assessment of Status-quo; - Web-scraping Models;
(Paper 1) - Machine-learning Topics;

- Natural language processing
A3: Assess Perceptions of - Information retrieval Interdisciplinarity
Interdisciplinarity; - Web-scraping Sentiment;
Build Optimism; - Opinion mining Discourse;
(Paper 2) - Computational linguistics

Natural language processing;
C4: Explicit Documentation of - Typology of Interdisciplinarity Fisheries;
Scope, Type and Goal of Interdis- Models;
ciplinarity; Interdisciplinarity

(Paper 3)
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5 Discussion

5.1 Contribution to Science

The aim of this study is to develop a preliminary framework that can guide and facilitate
interdisciplinary SES research in practice. To achieve that, the framework provides design
principles, which can guide the research practice by helping researchers understand how to
conduct this type of research. The practical challenges in the framework identify what impedes
interdisciplinary SES research and the practical coping strategies identify how to prevent and
overcome these challenges. Thereby, the challenges and coping strategies facilitate interdisciplinary
SES research by making the research practice easier and by allowing researchers to gain in-depth

insights into the application of the design principles.

The framework development took a pragmatic interdisciplinary approach in, and of, itself, and
focused on research practice. Hence, it is difficult to assign the framework to a particular scientific
domain, as the framework was not formulated to advance knowledge within one particular field.
Instead, the framework is positioned at the interface of interdisciplinary research and social-
ecological systems research, while the practical focus also places it into the field of research

practices.

Research practices are commonly given through scientific principles that ensure integrity in the
research process (National Academy of Sciences 1992). These scientific principles are traditionally
very connected with the traditions of science and are mainly conveyed through discussions and
informal education. This means that these principles exist primarily in unwritten form, which is
why it has been suggested that they should be written down and made explicit (National Academy
of Sciences 1992). The scientific principles also differ between disciplines and even within the
same discipline, as they are shaped by the procedures of a discipline or a certain field of study
(MacLeod 2018). This also explains why it is particularly difficult to conduct interdisciplinary
research, since a general interdisciplinary research practice has not been developed as such, while
the practices of other disciplines are difficult to access because they exist mainly in unwritten
form. Nevertheless, it is possible for interdisciplinary research teams to collaboratively develop

their own research practices through a learning-by-doing process (Carr et al. 2018). The literature
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suggests that real-world interdisciplinary collaborations are a valuable source to provide insights
into what practical approaches for interdisciplinary SES research may look like (Redman et al.
2004). Therefore, the framework in this study followed an approach that tried to access the
experiences of empirical case studies reported in the literature, as well as from two EU-funded
projects to identify such ‘hidden’ interdisciplinary research practices. As such, the framework
represents a novelty in research practices in general, and in the field of interdisciplinarity in
particular, because it provides easy access to interdisciplinary research practices in a written and
explicit form. The framework also combines the general (design principles) with the more specific
(coping strategies) practices, which is an important trait of scientific principles for research

practices (National Academy of Sciences 1992).

The framework also contributes to the literature on interdisciplinary research by providing a
coherent overview of important research practices when conducting interdisciplinary work, which
was not previously available to this extent. The literature on interdisciplinary research is large
and discusses interdisciplinarity in many forms. For example, literature discusses experiences
of interdisciplinary scientists (Gewin 2014; Enright and Facer 2016), how to organise, classify,
and describe interdisciplinary research (Huutoniemi et al. 2010; Klein 2010; Siedlok and Hibbert
2014), how to conduct and foster interdisciplinary research (National Academy of Sciences 2005;
Bruun et al. 2005), how to measure, evaluate and assess interdisciplinary research (Porter and
Rafols 2009; Lyall et al. 2011; Wagner et al. 2011; Research Council UK and Digital Science 2016),
and how to use it in education (Klein 2006; Davies and Devlin 2010). The many publications of
case studies applying an interdisciplinary approach (see, e.g. Kuikka et al. 2011; Levontin et al.
2011; Clark et al. 2017) additionally contribute to this body of literature. Relevant information
on interdisciplinary research practices and lessons learned can be found within all these parts
of the literature, in addition to interdisciplinary research practices that have been described
previously (Castan Broto et al. 2009; Carr et al. 2018; MacLeod 2018), but usually only on the
basis of a single case study. Yet, because the literature is rather fragmented and dispersed, it is
particularly challenging to draw connections between the different parts of the literature and
distil them into a coherent overview on interdisciplinary research practices.

The framework compiles, combines, and integrates the parts of interdisciplinary literature relevant

to research practice. It thereby connects these different fragmented branches of literature in
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a coherent manner, provides an easily accessible overview, and gives direct references to the
particular branches of the literature for readers who wish to know more on a certain topic,
including already existing frameworks (Konig et al. 2013; Clark et al. 2017; Tobi and Kampen
2018).

The framework contributes to the literature on SES research by compiling the different considera-
tions that are important to the study of SES within the literature of SES case studies and theory.
The framework also offers novel insights into the interdisciplinary components of SES research in
practice, because this is the first time that the principles of SES research are explicitly presented
in synthesis with the principles of interdisciplinary research. As such, the framework contributes
to the science practice of SES research, rather than SES theory, yet is grounded in theoretical,
practical, and empirical aspects of SES research. Hence, the framework contributes to the science
of SES through its synthesis of different strands of fragmented SES literature, but also enriches

the SES research practice through explicit integration of interdisciplinary research.

The papers demonstrate and operationalise three of the coping strategies in the framework
through a practical application of three different methodologies into a research domain. This
allows researchers gain insights into what methods can be applied for these particular coping
strategies and what type of information the results of such an analysis can provide. Thereby, the
papers contribute to: (1) knowledge on what method to use to apply the coping strategy; (2)
knowledge on what the results of this method look like in a certain domain; (3) knowledge on what
expertise is required to apply this coping strategy and method; and (4) a better understanding

of the framework in general.

5.2 Using the Framework—Why, How, and by Whom?

The design principles reflect a generic interdisciplinary SES research process and should be
understood as ideal-typical guidelines, rather than instructions for any given context. In addition,
the order of the design principles is not strictly determined and depends on the particular research
project; some steps of the process may be interdependent. For example, the research question
will determine the design of the research project, which will ultimately define which disciplines

should be involved.
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The practical challenges are highlighted in the framework to increase awareness of these challenges
and to allow researchers to put procedures in place to prevent them, or otherwise, overcome
them. Depending on when and where the framework is applied, the coping strategies can be used
for preventing or addressing challenges. If the framework is applied during the planning stage of
a project, the coping strategies can be implemented as preventive measures. If the project is
already ongoing and challenges arise during the project, the coping strategies can be applied to
solve those challenges. Thus, practical coping strategies facilitate interdisciplinary SES research

in practice.

The framework, including the demonstrations through Papers 1-3, can be used by different user
groups and applied for different purposes, which are described below and summarised at the end

of this section in Table 3.

Researchers. The primary target users of the framework are researchers. Researchers could
use this framework during the proposal writing stage. Writing grant proposals and applying
for funding are very important for interdisciplinary SES work as these types of projects commonly
require large funds, often for longer periods (Pischke et al. 2017; ClimeFish 2016). Therefore,
the framework could be used and applied during the thinking phase when drafting and designing
projects and documenting these plans in a coherent manner and make the evaluation of the
proposal easier for the external committee. The coping strategies specified in the framework
could be particularly helpful for grant proposals. Calls for proposals now commonly require
researchers to specify and describe any critical risks relating to the project implementation and
are required to detail any risk mitigation measures®. The framework could be applied specifically
for the risk section to identify potential practical risks (i.e. challenges) within the project, and

could then also provide corresponding mitigation measures (i.e. coping strategies).

Researchers could then further apply the framework when conducting their research, in
which the design principles could guide their practice, while coping strategies could facilitate
the prevention of potential challenges or aid to overcome them if they arise. Papers 1-3 allow

researchers to better assess whether any of these three coping strategies will be of value and

°See, e.g., section 3.2. in the template from the European Union for H2020 proposals here:
https://ec.europa.eu/research/participants/data/ref/h2020/call_ptef/pt/2018-2020/
h2020-call-pt-ria-1a-2018-20_en.pdf
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5.2 Using the Framework—Why, How, and by Whom?

whether the methodology and results of the papers are suitable to address or prevent their
particular challenge. Researchers can also learn how to apply the coping strategy from the
practical examples of the papers. Learning from examples is generally thought to be beneficial
to the learning process (Lee and Hutchison 1998; Atkinson et al. 2000). The papers also make it

easier to replicate coping strategies and their exemplary methodologies in a different domain.

The framework aims to facilitate research by making interdisciplinary SES research easier in
practice, also with the goal in mind to help researchers to use their time more efficiently. Time
is often a limiting factor in research, which often leaves researchers stressed and in haste when
trying to finish their work within deadlines (Berg and Seeber 2016). Interdisciplinary approaches
tend to take even more time when compared to monodisciplinary work (Pischke et al. 2017). For
this reason, it is important to use research time well and efficiently. Yet, inadequate preparation
for a research project can also easily lead to the wasting of time and thereby dissipate people’s
goodwill (Bell and Waters 2018). An application of the framework could help with better time
management and planning, because it would both guide and facilitate the interdisciplinary SES
research process. This means that, for example, researchers spend less time thinking about
how to best plan an SES study and there will be less distraction from conflicts because of the
prevention through the coping strategies. Hence, the application of the framework could minimise
the time spent on challenges and frustrations, and could thereby enhance strategic thinking

during research planning and design, while optimising research time.

The framework could further save time by supporting researchers in establishing a common
research practice. Commonly, each discipline has its own established research practices, such as
the format of meetings or the structure of papers. For interdisciplinary approaches, researchers
first have to develop shared research practices, which also takes additional time and effort (Carr
et al. 2018). The framework could facilitate this process by creating and providing a baseline for
interdisciplinary SES research practice by providing research steps and strategies that can easily
be understood and shared across disciplines. Facilitated research practice also creates a lower
threshold for interested researchers to get involved and conduct interdisciplinary SES research,

and could thus generate a higher uptake of the approach in general.

Consequently, the application of the framework, and the subsequent optimisation of time usage,
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could allow for the production of more interdisciplinary SES research within a shorter time,
resulting in an overall increase of interdisciplinary SES research output. Integrative research
approaches in general (Bruun et al. 2005; Darbellay 2015), and SES research in particular
(Osterblom et al. 2011; Jerneck et al. 2011), are thought to have high potential for discoveries and
innovations supporting sustainability and conservation initiatives. Thereby, an increased SES
research output could lead to increased innovation potential and an overall better understanding
of SES, which could ultimately help to address many of today’s societal challenges, such as

climate change, food security, and biodiversity loss (United Nations 2015).

The framework also provides insights into practical skills that may be required from research (e.g.
interpersonal skills, team-working skills, etc) to conduct the research. This information could be
used by researchers to foster their career development by actively trying to develop these skills

through learning-by-doing, or by engaging in targeted training activities to acquire them.

Through the papers, researchers can identify what expertise is required to apply these coping
strategies. For example, Paper 1 and Paper 2 both make use of machine-learning techniques.
This means that an application of these coping strategies using the methods of Paper 1 and
Paper 2 will likely require computer scientists. Having prior knowledge of the skills and expertise
requirements for coping strategies allows researchers to plan for these needs in advance, e.g. by

inviting in necessary team members.

Transdisciplinary SES Researchers and Practitioners. Transdisciplinary approaches are
of great importance in SES research, because they allow the inclusion of stakeholders and
practitioners when addressing societal challenges (Guimaraes et al. 2018; Haider et al. 2018),
and ensure that the ‘produced scientific solutions’ are of value to the stakeholders (ClimeFish
2016). Notably, researchers working with transdisciplinary SES approaches may also find the
framework valuable. According to Liehr et al. (2017), the ideal transdisciplinary research process
first involves interdisciplinary integration, which is then followed by transdisciplinary integration.
Hence, interdisciplinary integration is an integral part of transdisciplinary practices. Even when
researchers have a lot of experience with participatory research, they might lack deeper insights

into the interdisciplinary research process. For example, an approach developed by Lang et al.
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(2012) provides guidance and advice for transdisciplinary research. Yet, the focus lies mainly on
the participatory aspects of the science, and less on the interdisciplinary aspects. In this case,
the framework could complement the suggestions by Lang et al. (2012) and provide additional

guidance.

Funding bodies and organisations. Funding bodies and organisations, who provide grants
for interdisciplinary SES research, are also potential users of the framework, and could apply it in
two ways: (i) Funders could recommend that applicants follow the framework when documenting
and describing their research proposal to ensure that the research process is well designed
and that practical challenges are accounted for. This could be particularly relevant for call texts,
in which funding is provided to address societal challenges®, because such calls are likely to
include interdisciplinary SES research to some degree (but not always). (ii) Funders could use
the framework for the evaluation process of grant proposals for interdisciplinary SES research,

to assess the quality of the proposed research.

Evaluators and Reviewers. Another potential user of the framework are evaluators and
reviewers. The design principles of the framework could be used to evaluate grant proposals to
check whether an interdisciplinary SES research project is well planned and designed, and if the
required coping strategies have been accounted for.

Reviewers could use the framework to evaluate the quality of a study, for example, during peer-
review of a publication. The framework could facilitate an evaluation by highlighting the aspects
that are important for documentation and that need to be made explicit in interdisciplinary SES
research. The criteria for the evaluation of interdisciplinary work by Lyall et al. (2011), which
were incorporated into the framework, could help and guide evaluators and reviewers to fairly

judge and assess an interdisciplinary SES grant proposal or publication.

Education. The framework could also be used for educational purposes by educators and
teachers, but would have to be modified to fit the purpose. For example, the framework could

be applied to teaching interdisciplinary research practices in higher education or to support

5See, e.g., https://ec.europa.eu/programmes/horizon2020/en/h2020-section/
societal-challenges.
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5 Discussion

interdisciplinary courses and programme development. Study programmes that involve more
than one discipline are increasing and require necessary interdisciplinary underpinnings (Jacob
2015). Yet, it often remains unclear in interdisciplinary education who, and how, to educate
(Hall and Weaver 2001). These answers could be provided (at least in parts) by the framework,
e.g. by highlighting necessary skills that training could be used for and how to integrate courses.
Teaching interdisciplinary research practices to researchers could also increase interdisciplinary
interaction, e.g. in doctoral programmes (Carr et al. 2018). As such, the framework could help
to overcome the challenges of trying to train the next generation of interdisciplinary scientists
(Lyall and Meagher 2012). However, detailed considerations of interdisciplinary education and

training are beyond the scope of this study and the framework.

Research domains. Besides an application by different user groups, the framework could
also be applied into other research domains that require an interdisciplinary approach. The
framework could be adjusted by replacing the design principles and coping strategies concerning
SES research with the specific requirements and considerations of the research domain in question.
Possible application domains that are inherently interdisciplinary and could benefit from the
framework include ethical and responsible research in artificial intelligence (Greene et al. 2019),
serious games research (Wilkinson and Matthews 2016), or urban development (Vicenzotti et al.

2016).
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Table 3 — Overview of the different potential user groups of the framework and suggestions
for applications with an outline of potential benefits. ID = interdisciplinary, SES = social-

ecological system.

Users

Application

Benefits

Primary users and applications

Researchers

Grant proposals for ID SES
research

Facilitates planning and drafting of the
project outline;

Easier identification of practical risks and
mitigation strategies;

ID SES Research

Guides and facilitates research practice;
Optimises project preparation, planning,
and research time;

Minimises challenges and frustrations;

Researchers and
Practitioners

Transdisciplinary SES Re-
search

Optimise integration within transdisci-
plinary approach;

Funding bodies

Grant proposal templates

Ensures explicit documentation of ID
SES research process;

Evaluators Grant proposal evaluation Highlights important aspects that need
to be considered in ID SES projects;
Guides evaluation through explicit crite-
ria;

Reviewers Peer-review Facilitates evaluation of quality of a

study

Potential users and applications where modifications of the framework are likely required

Teachers and

Teaching

Facilitates teaching about ID practices;

Educators Teaching and training in (interpersonal)
skills necessary for ID SES research
Course development Facilitates integration during ID course
development;
ID research domain Facilitates ID research practice;
Researchers

Career development

Highlights skills and training needs;
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5.3 Limitations

The framework developed in this study has several limitations:

e Due to limited resources and time restraints, it was not possible to involve relevant user
groups in the development process of the framework. The lack of co-creation and involvement of
relevant users is a limitation in the methodology of the framework’s development. Therefore, this
study only serves as a preliminary assessment and a first step towards guiding and facilitating

interdisciplinary SES research in practice.

e The framework could not be applied in practice. Hence, whether the design principles can
effectively guide interdisciplinary research remains untested. The effectiveness of the coping
strategies to prevent and overcome practical challenges with regard to the design principles is
also unclear. Yet, many of the coping strategies were identified within empirical case studies,
such as Climefish and SAF21. This means that these strategies have already been applied and

shown to be of some value, at least in the context of these projects.

e The framework synthesises different strands of literature from interdisciplinary and SES
research, but does not claim completeness for the design principles nor provides a complete list of
practical challenges or coping strategies. Therefore, some design principles may be lacking, while
others might need more detailed consideration. Also, it is likely that there are more practical
challenges and coping strategies in the literature that could be added to the framework, but have

not been identified at this stage.

e One of the main challenges when working in an interdisciplinary context is integration itself
and how to integrate. Integration can be done in many ways, which is why there is not one
generic way of doing it and there cannot be a standard solution for how to implement integration
(Bruun et al. 2005). Hence, the design principle C3: Integration cannot guide integration itself

but can only provide ways that can facilitate integration. This is a limitation of the framework.

e Only three of the coping strategies could be demonstrated through the papers with a specific
methodology. Hence, the remaining coping strategies lack an example of methodology that could

be used for these particular strategies; they also lack examples of an application into a research
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domain through a paper. The papers were chosen based on available expertise. Therefore, the
selection of the coping strategies and the methodologies for the papers were limited by the

available expertise.

5.4 Future Work

Future work to overcome some of the current limitations, and to further develop and improve

the framework could include the following:

e The methodology for the framework could be expanded to further develop and validate this
preliminary framework through co-creation and the involvement of relevant users. Potential
users could apply and test the framework, de-construct it, and re-construct it with possible

adjustments and changes, to ensure that it can fit their needs and be used as a practical tool.

e The framework could be tested and validated entirely through an application to a real-world
research project, both during the grant proposal stage as well as during the project lifetime. This
would allow to identify if and which of the suggested design principles and coping strategies are

helpful and those that may need adjustment and improvement.

e Scientific output is produced in large amounts and faster than ever. Therefore, it is likely that
the framework will have to be updated with current literature to include recent developments

and findings within interdisciplinary and SES research.

e Specific methods and research examples (e.g. papers) should be provided for all the coping
strategy (not only three) to further operationalise the framework. Practically, this could be done
by adding a column to the framework with suggestions for methodologies that could be applied
for each coping strategy. The methods should then be demonstrated in practice, e.g. through
publications that have used this approach (as was done with Papers 1-3), or by conducting
additional research (e.g. in the form of papers) with additional team members and added
expertise. Then, interested researchers would already have a concrete method that they could
turn to, or even a study that they could replicate and utilise within their own research project

for the application of the coping strategies.
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e The framework could be expanded to transdisciplinarity and participatory approaches in
SES research, for example, by integrating and building on the work by Lang et al. (2012) on
transdisciplinary research principles, and by Newton and Elliott (2016) on how to identify and

select relevant stakeholder groups.
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6 Conclusions

SES research is important for understanding and addressing some of today’s complex problems
and societal challenges. Yet, practical barriers often hinder SES research when trying to study
SES effectively in an interdisciplinary manner. Therefore, practical guidance on how to conduct
such an approach and how to overcome practical barriers is required.

This study has developed a preliminary framework to guide and facilitate interdisciplinary SES
research in practice. The framework presents practical design principles for the SES research
practice, highlights challenges when applying these practices, and provides practical coping
strategies to prevent or overcome these practical challenges.

The review approach of the study highlights how there are many practical lessons to be learned
for interdisciplinary SES research from the already existing case studies, projects, and researchers’
experiences, which were synthesised in the framework. This synthesis allows for the experiences
from individual studies and researchers from different fields to guide and contribute to the practice
of SES research. Besides practical guidance, the framework also provides a first overview of key
aspects of interdisciplinary SES research in practice, which makes it easier for inexperienced
researchers to familiarise themselves with the concepts and practices of both interdisciplinary
and SES research.

Selected coping strategies of the framework are demonstrated by providing practical examples of
methodologies that could be used to apply these strategies in practice. The framework could
be used for different purposes and by different user groups. Researchers and other users are
encouraged to apply the framework to explore its benefits, validity, and possibly deconstruct,
expand, adjust, or diversify it according to their needs and experiences.

The application of the framework could have many potential benefits, including easier SES
research practice, increased SES research uptake, optimised research time, and, perhaps, an
increase in SES research studies and output. This could advance interdisciplinary SES research
as a field, and ultimately lead to a better understanding of SES in general, and a better

understanding of how to address some of today’s societal challenges, in particular.
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7 Self- Assessment

7.1 Interdisciplinary Communication & Documentation

The study aims to follow the recommendations for communication and documentation that were
established in the framework of this study. Therefore, a glossary is presented (see page viii) to
establish a common set of terms with a clearly defined meaning, and to facilitate interdisciplinary
communication. The practice of open science is pursued for transparency, replicability, and
easier understanding of the approaches developed in the study. Therefore, the code from Paper
1 is available on GitHub”. Paper 1 is also published as open access, while the other papers
have been submitted to full open-access journals with the intention of also making the data and
code available upon publication. The interdisciplinarity in this study is made explicit through

documentation of interdisciplinarity based on a typology, described below.

Interdisciplinarity in this Study. This study follows an interdisciplinary approach. For the
purpose of the framework development, the focus was on empirical interdisciplinarity, which
describes research that integrates different kinds of empirical data (Huutoniemi et al. 2010). This
approach was applied by extracting and integrating empirical evidence from the literature and
from two EU-funded projects to investigate the relationships between interdisciplinarity and SES
research in practice.

Papers 1-3 follow the path of methodological interdisciplinarity, whereas ‘methods from different
fields are combined in order to test a hypothesis, answer a research question, and/or develop a
theory’ (Bruun et al. 2005, p.84). The term ‘method’ can refer to both a concrete method or a

more general research strategy (Klein 2010).

A taxonomic analysis of interdisciplinarity in relation to this study is provided in the form of a
typology. The typology and indicators used to assess interdisciplinarity in this study are based
on Huutoniemi et al. 2010 (see Table 4).

Data science was largely involved in this study, which is already an interdisciplinary field on its own

(O’Neil and Schutt 2014), combining scientific methods from mathematics, statistics, information

"https://github.com/shaheen-syed
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science, and computer science, and requiring domain expertise as well as communication and
visualisation skills (Hayashi 1998; O’Neil and Schutt 2014). Additional methods were drawn from
the fields of medical science (systematic literature review) and social sciences (coding, content

analysis, enumeration), and both quantitative and qualitative approaches were applied.

Table 4 — Taxonomic analysis of interdisciplinarity in this study. Typology and indicators
according to Huutoniemi et al. 2010. FW=framework, refers to framework developed in this

study; SES=social-ecological system

Typology Indicator Example

Scope of narrow Paper 1 (computer
Interdisciplinarity - participating fields are | science &  fisheries
- conceptual and cultural | conceptually close to each | science);

distance between the par-
ticipating research fields)

other

Paper 2 (computer sci-
ence & computational
linguistics)

broad

- conceptually diverse fields
that cross the boundaries
of broad intellectual areas

Paper 3 (fisheries science
& social science);

FW (interdisciplinarity
& SES);

This study as a whole

Type of
Interdisciplinarity

- categories of interdisci-
plinary interaction differ
from each other, such as
data or knowledge from
different research fields
being brought together

empirical FW

- different kinds of empirical

data are synthesised in a

novel, integrated manner

methodological Papers 1, 2, 3;

- different methodological
approaches are combined in
a novel, integrated manner

This study as a whole

Type of Goals
- different interdisciplinary
research goals

epistemological Papers 1, 2, 3
- intent to increase the

knowledge  about  the

research object

mixed orientation FW;

- combination of both kinds
of orientation: epistemolog-
ical and instrumental

This study as a whole
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7.2 Personal Reflections

At the beginning of this research, I stood as a biologist. However, this interdisciplinary study
required me to study a diverse field of disciplines and domains, including social-ecological systems,
interdisciplinary studies, research practices, and fisheries science. In addition, the methodological
approach required additional efforts to gain knowledge and understanding in the field of computer
science and qualitative methods. It was challenging at times to navigate the different disciplinary
theories and practices, especially those of disciplines furthest away from my own, such as the
social sciences and humanities. As such, it was also not my intent to dwell on the depths of social
science theories and concepts. Nevertheless, this interdisciplinary path has certainly widened my

scientific horizons as well as my understanding of other domains, disciplines, and methodologies.
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