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Abstract

Sustainability science is an emerging scientific field that aims to address the environmental problems facing contemporary
societies. This article explores the relationship between the wickedness level of these problems and the research stances and
methods scientists use to address them. It reviews a sample of 17 research projects addressing diversely wicked environmen-
tal problems, all of which originate in the same distributed network of research infrastructures in France. We distinguished
between the political complexity and the cognitive complexity of the problems addressed and between the collaborative
pluralism and the methodological pluralism of the projects. While we expected overall positive relationships between these
paired aspects, we found positive but, at best, weakly significant correlations between cognitive complexity and political
complexity, between methodological pluralism and collaborative pluralism, and between problem wickedness and project
pluralism. We identified three research stances: a correspondence between project pluralism and problem complexity; reduc-
tionism, when methodological or collaborative pluralism was lower than expected; and integrationism, in the opposite case.
We found that project pluralism tended to increase and the latitude of choice between research stances tended to decrease
according to problem wickedness. Addressing highly wicked problems thus seems to significantly constrain research stances
and methods. Our empirical data also suggested the possible influences of project duration and leadership on project plural-
ism. This article thus clarifies the factors that influence how sustainability science is concretely carried out and the constraints
that addressing highly wicked problems place on scientists.

Keywords Wicked problems - Methodological pluralism - Collaborative pluralism - Transdisciplinary research - Research
stances and methods - LTSER

Introduction

In the 1960s and 1970s, urban planners identified a new
type of problem, which they described as particularly com-
plex, open-ended, and intractable (Churchman 1967; Rittel
Handled by Jordi Segalas, Universitat Politecnica de Catalunya, and Webber 1973). They termed these problems ‘wicked’
Spain. as there was no consensus on the definitions of and solu-
tions to these problems (Roberts 2000) and attempts to solve
them often tended to have irreversible consequences and
negatively impact the overall situation (Xiang 2013). The
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particular, Alford and Head (2017) have proposed a typol-
ogy of wickedness based on the level of the intractability
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of the problem and the distribution of problem knowledge,
interests, and power among affected actors.

Another idea gained ground in the 1990s: ecological and
social systems are deeply intertwined, and scholars should
focus on their interrelationship (Berkes and Folke 1998; Col-
lins et al. 2011). This argument gave birth to the concept of
social-ecological systems, now defined as complex adaptive
systems formed by interacting social and ecological systems
(Preiser et al. 2018). Social-ecological systems have been
found to teem with wicked problems (Xiang 2013; Head
and Xiang 2016), with climate change, biodiversity loss,
and waste used as classic examples (Russell 2010; Chan
2016). In fact, wicked problems and social-ecological sys-
tems share common characteristics such as scale sensitiv-
ity, path dependence, context dependence, and non-linear
relationships (Akamani et al. 2016). They may be seen as
two faces of the same coin and have become core concepts
of an emerging scientific discipline: sustainability science.

Sustainability science has been defined in various ways
(see Komiyama and Takeuchi 2006; Kates 2011; Spangen-
berg 2011; Shahadu 2016; Fang et al. 2018; Mino and Kudo
2020). We retain the definition by Fang et al. (2018, p. 12),
based on an extensive literature analysis: ‘Sustainability
science is a use-inspired basic science of sustainable devel-
opment, which focuses on understanding human—environ-
ment interactions and linking the understanding to actions by
promoting a place-based, multi-scale, and transdisciplinary
approach’. Beyond minor differences, all definitions empha-
sise that sustainability science is problem driven and aims to
tackle ‘real-world’ problems, especially wicked ones.

However, the literature on the influence of problem wick-
edness on the practice of sustainability science is curiously
sparse. Regarding its influence on the participation of non-
academic actors, Beiluch et al. (2017) found that the prefer-
ences of local government officers for different participation
strategies were significantly impacted by problem wicked-
ness, except for environmental problems (as opposed to eco-
nomic and policy problems). Schneider and Buser (2018)
identified the level of contestation of a problem as one of six
criteria impacting stakeholder interaction processes. As for
the influence of problem wickedness on the methods used, to
our knowledge, it has not been investigated so far. Here, we
intend to help fill this gap by investigating the relationship
between the wickedness level of the problems addressed and
how scientists handle these problems in practice.

More specifically, we address the following question:
what is the relationship between the wickedness of the
problems and the research stances and methods adopted to
address these problems? We explored this relationship by
analysing a sample of research projects from a national net-
work designed to foster long-term and place-based inter- and
transdisciplinary environmental research in France. In brief,
we expected a positive relationship between the wickedness
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of the problems, the variety of research methods, and the
plurality of non-academic partners in the research project
(see the rationale for these expectations below).

First, we review the literature about research stances and
methods in sustainability science. Then, we explain how
we constructed our sample, and how we investigated and
compared the wickedness of the problems addressed and
the research stances and methods adopted. After presenting
our results, we offer interpretations for the more limited than
expected correspondence we found between them.

Research stances and methods
in sustainability science

Here, we understand a research stance as a strategy used
to deal with a given wicked problem. A classical research
stance is reductionism, which consists of simplifying the
complexity of a problem as much as necessary to be able
to solve it (Hazard et al. 2020). Reductionism often entails
bringing a real-world problem into a place (typically, a
laboratory or a model) where the scientists can reduce its
complexity and then export the solution to the real world. It
is thus based on a series of displacements between the real
world and a ‘truth spot’ (Gieryn 2002, 2006), as shown by
numerous social studies of science in recent decades (e.g.
Latour 1983). This reductionist stance has resulted in the
gradual distancing of scientists from the rest of society and
the emergence of a growing number of disciplines.

In contrast, sustainability scientists working on
social-ecological systems seek precisely to account for their
complexity. They consider reductionism to be ill-suited to
the characteristics of wicked problems and doomed to fail-
ure when attempting to tackle them (Pahl-Wostl et al. 2013;
Head and Xiang 2016; Preiser et al. 2022). Wicked prob-
lems cannot be detached from the real world and integrating
their complexity, rather than reducing it, is seen as crucial to
addressing them in a more appropriate manner (Klenk and
Meehan 2015). Furthermore, sustainability scientists pro-
pose bringing together research actors with various discipli-
nary backgrounds and societal actors to conduct inter- and
transdisciplinary research on wicked problems (Lang et al.
2012; Jahn et al. 2012; Brandt et al. 2013). Defined as ‘itera-
tive and collaborative processes involving diverse types of
expertise, knowledge and actors to produce context-specific
knowledge and pathways towards a sustainable future’ (Nor-
strom et al. 2020, p. 183), knowledge co-production is con-
sidered crucial for integration and transdisciplinary research
as they are understood in sustainability science (Holzer et al.
2018; Wyborn et al. 2019; Norstrom et al. 2020).

Such calls for renewed research stances have pushed for
a re-thinking of research methods. We define a research
method as a ‘codified way of producing knowledge of a
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focus of interest’ (de Vos et al. 2019, p. 2). Research meth-
ods are the concrete means by which researchers produce
knowledge and are at the very heart of scientific practice and
innovation (Koppman and Leahey 2019). As their design
and implementation usually require specific skills and entail
risks and rewards, research methods are crucial for defining
who can engage in the research process and who is left out.
They also strongly influence the results and outcomes of
research. The research strategies promoted to address wicked
problems in social-ecological systems are expected to entail
major changes in classical research methods,' if not their
complete overhaul (Preiser et al. 2018).

In fact, there has been a recent burst of publications on the
methodological issues and challenges of sustainability sci-
ence (Poteete et al. 2010; Spangenberg 2011; Caniglia et al.
2017, 2021; von Wehrden et al. 2017; Preiser et al. 2018;
Jerneck and Olsson 2020; Biggs et al. 2022). Researchers
have emphasised the wealth of methods that may be use-
ful in tackling wicked problems and stressed the value of
methodological pluralism, i.e. ‘the use of different meth-
ods with the aim of investigating a common phenomenon
but from different perspectives’ (Biggs et al. 2022, p. 52).
Over the last decade, various lists and typologies of methods
targeted at newcomers to the field (e.g. Biggs et al. 2022?)
have been developed to encourage sustainability scientists
to broaden their range of research methods and help them
select methods appropriate to the specific problems they
seek to address. For example, de Vos et al. (2019) identified
more than 300 methods that they grouped into 28 categories
(Biggs et al. 2022).

Collaborative pluralism and methodological pluralism
are, therefore, two cornerstones of sustainability science.
Our goal here was not to provide sustainability scientists
with an additional toolkit on how to achieve this dual plu-
ralism, but to study the level of pluralism scientists adopt
when dealing with diversely wicked sustainability problems
in social-ecological systems. To do so, we interviewed all
the leaders of a distributed national network of research
infrastructures designed to promote inter- and transdiscipli-
nary environmental research. We asked them to describe at
least one ongoing (or recently completed) research project
in this field. Drawing a sample of projects from a single
national research network had two important advantages:
first, the commonality of language facilitated the collection

! These include collecting naturalist data through field invento-
ries or sociological data through interviews, carrying out ecological
experiments in the field or in the laboratory, and modelling the past or
future evolution of social or ecological systems.

2 See also td-net toolbox: https:/naturalsciences.ch/co-producing-
knowledge-explained/methods/td-net_toolbox, and the sustainability
methods  wiki:  https://sustainabilitymethods.org/index.php/Main_
Page.

of information on the projects; second, the fact that the pro-
jects took place in the same context, or at least very simi-
lar, scientific and administrative contexts, made it easier
to explore the relationship between the complexity of the
problems and the research positions and methods adopted.
For each project, we then investigated three core aspects.
First, we analysed the wickedness level of the problem
addressed by decomposing wickedness into two dimensions,
as suggested by Alford and Head (2017): (i) the difficulty of
defining both the problem and its solution(s) (cognitive com-
plexity); (ii) the heterogeneity of the actors affected by this
problem and the level of conflict among these actors (politi-
cal complexity of the problem). We expected a positive rela-
tionship between these two dimensions, i.e. that the difficulty
in defining the problem and its solution(s) would increase
alongside the heterogeneity of the actors affected and the
level of conflict over the problem (or vice versa). Second, we
also decomposed project pluralism into two dimensions: the
diversity of the research partners (collaborative pluralism of
the project) and the diversity of methods used (methodologi-
cal pluralism of the project). We again expected a positive
relationship, i.e. that the diversity of methods would increase
with the diversity of partners. Finally, we analysed the rela-
tionship between problem wickedness and project pluralism.
We expected that (i) the diversity of research partners
involved in the projects (collaborative pluralism of the pro-
ject) would reflect the diversity of actors affected by the
problem addressed (political complexity of the problem);
(ii) the diversity of methods used (methodological pluralism
of the project) would reflect the cognitive complexity of the
problem. Our overarching hypothesis was, therefore, that
researchers addressing more wicked problems would con-
sider it necessary to resort to a wider range of methods and
partners than researchers addressing less wicked problems.

Methods

The French network of ‘Zones Ateliers’ as a case
study

Zones Ateliers (ZAs) are the French version of long-term
social—ecological research (LTSER) sites at the international
level (Haberl et al. 2006; Angelstam et al. 2019). They are
place-based research infrastructures that were initiated by
the French National Centre for Scientific Research (CNRS)
in the early 2000s to promote long-term inter- and trans-
disciplinary research at the interface between nature and
society (Lévéque et al. 2000). The 14 current ZAs address a
broad array of sustainability problems, including the impacts
of industrial agriculture on biodiversity and human health,
of large-scale facilities on the functioning of rivers, or of

@ Springer


https://naturalsciences.ch/co-producing-knowledge-explained/methods/td-net_toolbox
https://naturalsciences.ch/co-producing-knowledge-explained/methods/td-net_toolbox
https://sustainabilitymethods.org/index.php/Main_Page
https://sustainabilitymethods.org/index.php/Main_Page

Sustainability Science

1[ns-oxdysyoafoxd
/UOTeaSAI/US/I) PeId-amse-1un//:sdny

(1207) smorey (8107) Te 19 eynjy
Qwoy/ua/areds/s)o
oloxd/310 90eds-ourde'mmamy//:sdny

(¥100) & 19 11O
‘jpd-anbi3ojooa uoneINEISAT 00
HUOUY 2INYd0Iq/yda[a)~ 00p/o0p
Jre13/ore1d /310 oreId mmm//:dny
3
*JUOA[-ATUN QUOYIUOT)RINE)SAL//:dNY

(0207) notEN
/310°s9[[eunuas-sa3nya1//:sdny

(9100
TomeN “(¥107) 'Te 19 zowa1qog
/13 so[eunuas-sogedie-mmm//:sdny

J1O9IBD-PIW ‘SIOUIOS
Aynqiqeure)sns pue 307099 Q[

109180
-prur ‘Ayder30e3 uewny ‘orewa

190180 91e] ‘A30]0090IPAY ‘Q[RIN

199180 91e] ‘AydeiSoad uewny ‘ol

1931R0-pIW
Q0UuQI0s AJI[IqeUIR)SNS ‘Q[ewd]

103038 deArid ‘suon

-MNSUI [OTUYOQ) ‘SJUSWUISA0T

[euoneu pue [ed0] ‘SQON ‘(sISud
-108 [e1008 ‘S)SIS0[009) SIAYOIBISIY

SODN ‘siueiqeyul [e50] ‘(AIINS)
QUIQI(T 9IQTALI B[ 9P 9IXTW JEOIp
-UAS ‘SIOUDIBISAI 19SBD YOUdL] L,

SODN [BIUSWUOIIAUD

‘seare pajoojoxd ‘(JqH) Auedwoo

Anmn o1no9[a d1qnd ‘sanrioyine

[890] ‘(QUQUY—INEH Np JeSIPUAS

“95100)-99UEBIIONIPIIN-UQUY Ned |

9p 90uady ‘QuQUY np 9[euonEU

Juedwo))) I9ATY 2UQUY 2}

Jo s1a3euewr ‘(s1s130[01q ‘sISI3
-0[099 ‘SISISO[OIPAY]) SIQUDTEISIY

SODN ‘sIoSeuew eare
pa1o9j01d ‘sopmng urejunow ‘sIo
-dooy 98nJo1 UTrRIUNOW *SIOYOILASY

SanLIoYINE [BUOIZAI PUE [BD0] PUR
‘suonestuesio Teroised pue Jur
-wIej ‘systuejoq ‘syradxo [eiojsed
‘sproydoys ‘s1owrej ‘sroSeuewn
BaTR PI}09)01d ¢(SISISO[O100S ‘S)SIT
-0[099 ‘SISTWOUO0ISE) SIOYIILISNY

ssao01d

K10jedronred 1opoyayeis-nnur e
y3noxy) (amqequuiry ‘onbrqurezojy
‘euems)og) BOLIJY UISYINOS Ul
SBAIy UOIBAIOSUO)) JOTJUOLJSURI],
Jo JuowoSeurw d[qeUreISnS
wd3-3uoy 3y 31oddns o3 suon

-RWIOJSUBT) [€39100s SurIad3i], (eSuemH V7Z ‘T207—8107) I'TNS0Id

JuowoeSeurw Iojem

ur uonedronred uaznio Jo suLIof
MU 1M JuowiLIadxo 03 saLunod
ouidyy x1s woiy sioujred pajrun
J] "SIOALI AUYI[BAY JO SOTAIQS W)
-$£s029 U] JnOQe 23pI[mouy| pue
SSouaTEME SUISEAIOUT PUB SOJT)

-oead juowaSeurw 1oAll Sutroxdw np ursseq VZ ‘8102-S10C ‘HAVIS

TOATY QUQUY
ay) uo suonerado uoneIo)saI

ay) 03 sasuodsar [eor3o[oIpAY
pue [80130[099 2y} FurApms
Qwwrer3old Juriojiuow wiie)-3uo|

93ueyd 9JeWIIO Jopun Seare
urejunow YS1y Jo UOTJeUWIOJSueT)
oY) uo J09par 03 soderd se syny
urejunow ()¢ < ursn swwerd
-01d UOT}OB-OIBISAT WII)-SUO

s1ouyred Suowre ssaooid uon
-onpoid-0o AZpamouy| 2y} YoLIu
pue IEp 90UdIJa1 2onpoid 0)
samsed auid[e ()¢ < ul InO PaLLILd
QI SJUSWRINSBIW P[] "SpIoy
-doys pue siouwrej jo uoneidepe
Jo so13ejens pue ‘SwaIsAs 3urzeid
pajeroosse pue sarnsed urejunow
Jowrwns uo joedwr sjr ‘a3ueyd
Srew[o Aegnsoaut 0y sdjy
youar ay) ut 309fo1d widy-3uoy v

auoyy

(Suouy np us

-seq V7 Juasa1d-8661) 0OFUQUY

(sediv VZ

Quosard—9gT()7) SO[[UNIUAS Sa3NJay

(sed1y vZ

9quasard—g00g) se[eunuas sosedyy

JUBAQ[QI UYM ‘SIOPEI] V7 Y3 YIIM
SMOTAISIUI 0] UOTIIPPE UI SIOINOS

(o3e)s 109180 ‘pUNOIIYORq
Kreurpdrostp ‘ropuad) 1apeay 109fo1g

s1oured j09fo1g

(s)reos si
pue 103foxd a2y jo uondrrdsap 110YS

(paajoaur
VZ ‘UoneaId Jo Iedk) dweN

wo[qoid ppIom-1eal e uo 3uIsnooj yiomiau yzZ oy ut syoofoid jo ojdwes | ajqer

pringer

Qs


https://www.alpages-sentinelles.fr/
https://refuges-sentinelles.org/
http://restaurationrhone.univ-lyon1.fr/
http://restaurationrhone.univ-lyon1.fr/
http://www.graie.org/graie/graiedoc/doc_telech/brochure_RhonEco_restauration_ecologique.pdf
http://www.graie.org/graie/graiedoc/doc_telech/brochure_RhonEco_restauration_ecologique.pdf
http://www.graie.org/graie/graiedoc/doc_telech/brochure_RhonEco_restauration_ecologique.pdf
https://www.alpine-space.org/projects/spare/en/home
https://www.alpine-space.org/projects/spare/en/home
https://umr-astre.cirad.fr/en/research/projects/pro-suli
https://umr-astre.cirad.fr/en/research/projects/pro-suli

Sustainability Science

SliepnIe
(dyd-dids/13-oywooj-atun-feez//:sdny

1202/C1/0¢

‘mararau] Arejuowoddng
nearejyorg 109foxd o jo

j10da1 Teur {(1z0g) ‘T8 39 IoreAdyD
[I-pue-[-near
BJAOLg/[ToN0J.-P-a3.J/NEIIRWOIq

/1} 9RIUTQII0[-OP-TRA 9MMM//:sdNY

QWOY/5q01
QSUQS/MIIA /WO 9[3003"SANIS//:5dNY
/13/wod 1asuas)aford -mmm//:sdny

(0T07) Te 10 YoIn{SIOWIoM

(0207) 'Te 1@ UMQO
asoed-jelo1d/81/40/610¢
nsod-or3urs/iyioyeukpmmm//:sdny

(TT0T 0207 T8 19 10upIeg
Sredrourr
d98ed;, /1y suonoe-juawirre//:sdny

1991e0 )R] ‘A30[009 ‘Q[e]N

19918 9)e] ‘A30[099 ‘ORI

199180 9)e] ‘A30[003 ‘ORI

19018 9)e] ‘A30[099 ‘eI

199IBD-PIW ‘AWOU0I ‘I[N

19018 9)e] ‘A30[099 ‘ORI

SINLIOYINE [BUOIZII ‘SUONLSIULRSIO

Surwrej ‘suorjeIopaj Jununy

‘SODN [BIUQWIUOIIAUD ‘(SISISO[O
-100s ‘S1SIS0[099) SIAYOILISAY

SODN [eIUSWUOT

-IAUD ‘sI10SRUBWI 90INOSAI [EINJRU
‘semyrroyne orqnd ‘(s3s1307009

¢$15130]093 ‘S1SI130[01q) SIAYOTLISIY

(uonepunoy seqrreq

-dN9g) I0109s ayearid ‘SQON

‘£30[099 saroads pue uonnoAd
901 89S UI PAsI[eIoAdS SIOUOIBISOY

K301009
pue AydeiSoueado ur s1oyoIeasay

ODN Ue pue ‘9Ane1adoods [eimn)
-[NOLISe pUE ‘SISULIERJ ‘SIQYOTRISIY

SUAZNI ‘SOON

‘SoNIUNUWIWIOD [BIO] ‘SIauLIe] ‘(s1sn)

-UQIO$ [BIO0S pUE UBWINY ‘SISTW
-0u0I3e ‘s}SIF0[0I9) SIAYIILASIY

douel ‘sqno(J jo juauniedap ay)
ur (xoJ 9y Jo uonddjoid snsioa
Sununy) sor3ejens juowageuewt
om} aredwod o} juowrradxe
9[eIS-931e[ B UI SI0JOB Pa)SaIdul
e SurSe3ua Aq suonendod
X0J JO JuswaSeuew 9y} Jn0qe
SMOTA SUNOIPUOD 9[1OU0II 0)
103fo1d uonoe-yoIeasaI I1BIL-U) Y
SPUB[SI SQIJ-XNe-NBAIe]A Y}
ur (I neareorg) sorweukp adeos
-pue] pue (] nearejzoIg) (19ABIq
ueadoing ¢SpIIq 2I0YS $5109sUI
ue19)dooj0o ‘eIOp Je[nosea) As
-IOAIPOIQ JO sjuauodwod 1oy uo
suonesado sourUdUIBW [BIANY
Jo soouanbasuod ay) SurApmg

$39s BJEp 3UO[ UO PIseq saroads
103epa1d JyS1e 103 suonorpaxd Sur
“Yew Aq O1)OIEIUY PUR O1OIY )
U1 swo)sAs0d9 Jejod uo 991 ©3s JO
Sunew ay) Jo joedwr o) Surssassy

uB3d() UIYINOS
Ay} JO SBIS Q)0WAI Ul Sje0q SUIysy
[B39[]T 30919p 0} s19330[01q PIM

paddmbas spiiqeas Surioiruoy

(uonyern3ax isad pue
‘uoneur[jod ‘Ayrenb 197em) sadeos
-puef rermynoride £q papraoid
SOOTAIOS WIA)SAS0I9 OY) UOIMIAq
astwordwos 3s9q Ay Jurnsug
wo)sKs poojLIse
9} JO QOUDI[ISAI A} FOUBYUD O}
siueqeyur 000y Pue saSe[[IA Of
Surstadwod A1011119) [eINOLISE
ue ur seonoead uononpoxd pue
uondwnsuod pooj JO UOHeULIO)
-suen 9y} M Juawedx? o)
SPOYIOW PAYISISAIP JO 39S & Suisn
103fo1d uonoe-yoI18aSAI TBAA-UI],

(uarssean( o1y V7 ‘8107) ITHYVO

(11077 vZ) (6102-9102)
T Pue (S107—C107) T neareworg

(senbn

-OTRIUY SALIR], VZ ‘€70T-L107)
(201 vas 2y Jo S]oUNIUIS) TOSUIS

(enbnorejuy-qng 19 anbnorejuy
VZ (0207—8107) [UNUSS UB32Q

(ouuoien)
-S99UIkd VZ ‘0702—-8102) ASOVd

(91438 9P [PA 10 QurRld
VZ u9s21d-8(7) UONOVUSWITY

I

01

9

JUBAQ[QI UYM ‘SIOPEI] Y7 Y3 YIIm
SMOTAISIUT 0) UOT)IPPE UI SAOINOS

(o3e)s 109180 ‘pUNOIIYORq
Kreurdrostp ‘ropuad) 1apea] 109fo1g

s1oured j09fo1g

(s)reos si
pue 103foxd ay) jo uondrrosap 110Ys

(paajoaur
V7 ‘U0neaId Jo 1eak) suweN

ON

(ponunuoo) | sjqey

pringer

a's


https://aliment-actions.fr/?PagePrincipale
https://aliment-actions.fr/?PagePrincipale
https://www.dynafor.fr/single-post/2019/04/18/projet-pacse
https://www.dynafor.fr/single-post/2019/04/18/projet-pacse
https://www.projetsensei.com/fr/
https://sites.google.com/view/senseicebc/home
https://sites.google.com/view/senseicebc/home
https://www6.val-de-loire.inrae.fr/biomareau/Page-d-accueil/BioMareau-I-and-II
https://www6.val-de-loire.inrae.fr/biomareau/Page-d-accueil/BioMareau-I-and-II
https://www6.val-de-loire.inrae.fr/biomareau/Page-d-accueil/BioMareau-I-and-II
https://zaaj.univ-fcomte.fr/spip.php?article115
https://zaaj.univ-fcomte.fr/spip.php?article115

Sustainability Science

(0Z07) Te 10 uoydig o1
/1] 9RIULI0RSU00//:5dNY

(8107) 3311eA

120T/21/0C
‘mararau] Areyuowoddng
(1200
Te 30 uome[D “(610¢) 'Te 19 30ddiyqg

sanbidAje-juswouuo
IIAUQ-OWWOY-SUOTIN[OAGRY, £I%-09
-S9P-$9[LIGBY, £I% UIW-SIIINOS-SI
-oUIPUO/URIUOd 1) BoN ysw//:sdny
(8102) 'Te 12 noqqy
XN[Jodd
/13°1S9I1q-ATUN WANI-MMM//:SdNY
1coe/cimi
‘marazoyu] Arejuowerddng
(Jpduoneruasard ()G0T

"NONSHNOD/AIY/86¢ YL cO-Teu/H
*$91I0ANO-SAATYOIE Tey//:sd1Y) ned

UQ $90INOSSAI SI[ 19 QISISAIPOI] B[
1Ins so[qrssod syoedwr 32 soSesAed

S9p UONN[OAF—()S()Z UOUSIN0D)
(1200) T8 19 010UYIR],

(91027) T 12 3onoH “(ST0T) onoH
Jib)

oloid-oo11R/WW00-9011R-100(01d//:5d )Y

I90180-pIul ‘A30[0030IPAY ‘ORI

190180 9Je] ‘A30[093 ‘oreIog

10918D
are] ‘Ayder3oo3 uewny ‘orewo

JI901eD-pIut ‘A30[0920IPAY ‘O[BWId

199180
-pIW ‘JUB)SISSE YOIBISAI ‘D[]

190180 9ye] ‘Aydei3oad ‘orejy

sonuoyne
[euoI3aI ‘uIseq APUBULION-OUIOS
Y} Jo A101eAIDSqQ USL oY)
‘s1o3euew 191eM ‘QOON USY
K10ye13rur ‘(A103s1y ‘Aydei3oad
‘A307101pAY ‘A30[009) SIYOILISIY
(ourer
-107T Jo dIm[noLISe Jo Jaquieyd
[euOI31 9Y}) SANLIOYINE [BUOISAI

pue (SHSNV) [euOneU ‘SIouLIB)
‘s1o8eurW J9)RM ‘SIOUOIRISY

Smoqsensg

Jo K310 9y jo seanejuasaidar pue

‘s193eUR 90INOSAI [RINIRU ‘AS0
-[ouy)e pue A30[00Z UI SISYITBISIY

9ZO[ JO [[eY UMO]} Y} ‘oudIoany

Jo sooedg TeImEN JO AIOJRAISS

-uo) oy ‘A3ojoydrowoas pue

‘k3orodoxyue ‘A3o101008 ‘A30701q
‘K3o101peI ‘A30[009 UI SIOYDIEISOY

SIOUOBQ) puB SIUIPMNIS

[00Y2s YIIY ‘SIAUN[OA ‘(SISTWAYD
-00301q ‘s)SISO[0IPAY) SISYOIBISIY

(s9198n0,] op sAeq) son

-IuUNWwod [ed0[ ‘(gOVS) stouued

juoweSeurw pue juswdoarap
19JEM ‘SISUITBISI :9SBD YOUAL]

uonnjosal wajqoid ur siapjoy
-9ye1S JUIPIP JO JUIWOA[OAUT
) ‘puey JAYI0 Y} UO ‘pue SjudW
-UOIIAUD [BINJRU JO UONBIOISAL
pue uoneardsaid ay) 10J Juow
-dojoaap jo sanqiqissod oy ‘puey
QU0 Y] UO ‘UIIIUOD JeY[} SUONOR
grqrssod asodoid 03 sem 2a1)09[qo
S1] "IOALY QUIAS A} JO ANNUIUOD
801307093 a3 9sATeue 03 109foxd
[OIBas2I UOTIOR JBIA—02I) Y

SWSTUBYOSW UOT)
-e3nmu uonnyjod puejsiopun pue
KJTIUSPI 0 SIO1AP SULI)[Y 23k
-urep onsni jo Ayoedes Surkyund

9 Sunenyead pue Junuaworduy

so13911S JUSW

-oSeuew enuajod pue ‘s1afeuew

pue s1osn red £q uondeorad syt

‘syred orjqnd Sinoqgseng ur sapany

IoYeMUSaIJ 010X JO 2ouasald oy
Sunednsoaur Apnys K1ojerofdxe uy

s3unids [erourw oAnoR

-0Ipel A[[eInjeu punoIe SanaId0s

pUE JUSWUOIIAUD [BINJBU 9Y) JO
uonnjoAd-09 ay) Jo uonelo[dxe uy

Kueprrg uroysom ut Kjenb
IoJem JOALI JOJIUOW 0) Surwre
399fo1d 90uQ10s USZNIO WIR)-FUO]

JIssewr uedLIOULIY 9U) Ul doueI]

UWIS)SaM-1IOU UT Juawuyded JoATY

uousanoy) Ay} sapnjout Apms

9SED YOURI] 9YJ, ‘UOISY onueny

S} UI S9ORLISIUI BIS—pUR] pue

oTjenbe—[e11Sa119) 9} JB PAISAI[P

SIJTATIS WAJSASOID JO SIYauaq

a1 Surkynuapt Aq SYIoMIST

T TSBIJUT T93T3-an[q ur
SJUAWI)SIAUT d[qeUIR)SNS JUNOWOoI]

(outa8 V7 1707-8107) UoneIo)
-S9Y )1 Ul SIOP[OYAYLIS JO JSAINUIL
PUE I9ATY QuIaS 9y} Jo AJIunuod

[e2130[00F—HIDIVSNOD 102l01d

(SI19SOIN VZ *S10T—€107) onsny

(ureqan
JUSWIUUOIIAUY V7Z ‘0207—L10T
SHHHMIOL

(SoxQJIuRI) SAIIOILI
-19], VZ ‘220Z-1202) ANIANO

(es1011 18919 VZ ‘8661) XnooH

(enbrx
-OulY V7 ‘120T-L107) A1V

Ll

91

Sl

4!

el

4!

JUBAQ[QI UYM ‘SIOPEI] Y7 Y3 YIIm
SMOTAISIUT 0) UOT)IPPE UI SAOINOS

(o3e)s 109180 ‘pUNOIIYORq
Kreurdrostp ‘ropuad) 1apea] 109fo1g

s1oured j09fo1g

(s)reos si
pue 103foxd ay) jo uondrrosap 110Ys

(paajoaur
V7 ‘U0neaId Jo 1eak) suweN

ON

(ponunuoo) | sjqey


https://project-alice.com/alice-project/
https://project-alice.com/alice-project/
https://hal.archives-ouvertes.fr/hal-03474398/file/COUESNON
https://hal.archives-ouvertes.fr/hal-03474398/file/COUESNON
https://www-iuem.univ-brest.fr/ecoflux
https://www-iuem.univ-brest.fr/ecoflux
https://msh.uca.fr/content/ondine-les-sources-min%c3%a9rales-des-co-%c3%a9volutions-homme-environnement-atypiques
https://msh.uca.fr/content/ondine-les-sources-min%c3%a9rales-des-co-%c3%a9volutions-homme-environnement-atypiques
https://msh.uca.fr/content/ondine-les-sources-min%c3%a9rales-des-co-%c3%a9volutions-homme-environnement-atypiques
https://msh.uca.fr/content/ondine-les-sources-min%c3%a9rales-des-co-%c3%a9volutions-homme-environnement-atypiques
https://consacre.inrae.fr/

Sustainability Science

climate change on farming practices.’ They have recently
placed social-ecological systems at the core of their com-
mon conceptual framework (Bretagnolle et al. 2019). As
they cover a wide range of social-ecological systems across
the country, they provided us with a diversity of research
projects aimed at tackling diversely wicked sustainability
problems.

Selecting a sample of research projects
from the LTSER network

Following others (e.g. Bammer 2008; Hirsch Hadorn et al.
2008; Wiek et al. 2012; Newig et al. 2019), we analysed
research projects as the basic unit for conducting our investi-
gation. Indeed, research projects, i.e. ‘temporally, financially
and staff-wise limited units of activities in relation to one or
more related research goals’ (Newig et al. 2019, p. 149), are
relatively easy to identify and constitute meaningful entities
for research actors and their partners.

In spring 2020, we conducted remote interviews with
the ZA leaders to identify at least one transdisciplinary
research project underway or recently completed. The
selected research projects had to tackle a complex environ-
mental issue (we deliberately did not use the term ‘wicked
problem’). We asked our informants to specify the objec-
tives and stage of development of these projects and the
partners involved. We defined research partners as individu-
als or institutions formally engaged in the projects through
their participation, e.g. in the design of research questions
and methods, the collection and analysis of data, or the
dissemination of results. We also relied on project web-
sites and available documents (responses to research calls,
reports, and published papers) and, where necessary, email
exchanges and interviews with project leaders to complete
the project information. We selected all projects for which
we had sufficient information on the problem addressed, the
project members and partners, and the methods used. The
sample of 17 projects we obtained included at least one pro-
ject from each ZA. We asked the project leaders to validate
a synoptic presentation of their project (see Table 1).

Project classification and positioning

Based on the material collected, we analysed for each pro-
ject: (i) the cognitive complexity of the problem addressed;
(i1) its political complexity; (iii) the methodological plu-
ralism of the project; (iv) its collaborative pluralism. We
developed two analysis grids, one with the two dimensions
corresponding to the wickedness of the problems addressed

3 For a synthetic description of ZAs, see Bretagnolle et al. (2019),
Table 1.

(grid 1) and the other with the two dimensions correspond-
ing to the pluralism of the projects (grid 2). We then pro-
ceeded in two steps.

First, we developed a coarse-grained classification of the
17 projects and corresponding problems by implementing
a three-level gradation (low, medium and high) for each
dimension in the two grids, resulting in nine boxes in each
grid (three boxes per dimension). We placed all projects and
corresponding problems in the appropriate box of the two
grids. Two of the authors proceeded separately and com-
pared their results, seeking agreement with the third author
in the few cases where they had assigned different boxes to
a project or a problem. We then presented our preliminary
results to the project leaders through email and in an online
meeting, asking them to check that we had positioned their
project and the problem it addressed in the correct box of
each grid according to their knowledge and understanding
of our work. The project leaders validated our positioning
of the vast majority of projects and corresponding problems
(86% agreement, n=734). Discussions based on additional
information on the projects led us to move them to a neigh-
bouring box in one case (#17) for grid 1 and four cases (#2,
4,5, 16) for grid 2.

Then, we refined this preliminary classification by posi-
tioning each problem (grid 1) or project (grid 2) in relation
to its neighbours within a cell. Each project or problem was
thus assigned not only a specific cell, but also a specific posi-
tion within that cell. This allowed us to assign coordinates to
each project (problem) on the x- and y-axes of grid 1 (2). We
did not ask the project leaders to validate this second step, as
it required comparative knowledge of the different projects.
Below, we detail the criteria we used to assign the level of
complexity of the problems and the pluralism of the projects.

Grid 1: problem wickedness

The cognitive and political complexity of the problems
addressed appear on the y- and x-axes, respectively, of grid
1. We adapted the criterion proposed by Alford and Head
(2017) to evaluate the cognitive complexity of the problem
addressed in each project (see Table 2). Indeed, we found
it challenging to evaluate the clarity of the problem and the
clarity of the solution(s) separately, as suggested by these
authors. Instead, we considered the cognitive complexity
low when both the problem and its solution(s) appeared to
be clear, intermediate when they were moderately clear and
high when they were unclear. In turn, we used the criterion
they proposed to evaluate the political complexity of the
problem. We considered the political complexity to be low
when access to relevant knowledge about the problem was
relatively easy, and conflict over the problem was limited,;
intermediate when access to relevant knowledge was dif-
ficult, but the level of conflict was limited; and high when
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access to knowledge was difficult, and the level of conflict
was high.

Grid 2: project pluralism

The methodological and collaborative pluralism of the pro-
jects are represented on the y- and x-axes, respectively, of
grid 2. To evaluate methodological pluralism, we considered
the number of methods used and the number of research
approaches to which they relate. Biggs et al. (2022) distin-
guished between three types of research approaches: ana-
lytical/objective approaches, which are grounded in empiri-
cal measurements that are quantified and aim to generate
objective descriptions of the phenomena studied; interpre-
tive/subjective approaches, which focus on the meanings,
experiences, feelings, and interpretations that people attach
to phenomena; and collaborative approaches, which aim to
co-produce knowledge and elicit or integrate different types
of knowledge. Considering not only the number of research
methods, but also the number of research approaches to
which they relate is crucial because it encompasses the
epistemological distance among them. Using two methods
associated with distinct approaches might entail a similar
or even higher level of methodological pluralism than using
more methods associated with a unique research approach.

We considered the diversity of methods to be low, if
the methods used in a project related to a single research
approach, regardless of the number of methods used; inter-
mediate, if two research approaches were used, with one or
two methods for each research approach; and high, when two
research approaches were used with more than two meth-
ods for each research approach, or when all three research
approaches were used, regardless of the number of methods
used. Regarding collaborative pluralism, we split project
partners following the OECD typology of non-academic
actors that distinguishes among four categories: the private
sector (i.e. business and industry), the public sector (i.e. gov-
ernment and civil service), the civic sector (i.e. civil society
and non-governmental organisations) and citizens/commu-
nities (OECD 2020). We considered the diversity of project
partners to be low when only academics were involved in the
project, intermediate when at most two categories of non-
academic actors were also involved and high when this was
the case for at least three categories (Table 3).

We tested the correlations between the political complex-
ity (x-coordinate on grid 1) and the cognitive complexity
(y-coordinate on grid 1) of the problems, and between the

High diversity of actors affected (water authorities and agencies, fishermen) and a high level
of conflictuality

Diversity of human actors directly affected by the problem, distribution of knowledge and

interests, level of conflict

measures such as the implementation of fish passes have slightly improved the situation

Clarity of the problem and its solutions

17 There has been a drastic decrease in fish abundance and diversity in the Seine River. Recent

= collaborative pluralism (x-coordinate on grid 2) and the
é methodological pluralism of the corresponding projects
g (y-coordinate on grid 2). We also compared the respec-
= tive positions of the political complexity of the problem
% i (x-coordinate on grid 1) and the collaborative pluralism of
S |2 the project (x-coordinate on grid 2), as well as the respective
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Fig.1 Grid 1, showing the degree of wickedness of the problems
addressed in our sample of projects. The green line corresponds to
the diagonal (Y=X), while the red line corresponds to the regression
line between the two axes (the line is dashed because the correlation
is not significant). Projects are numbered in blue. The nine boxes are
represented in light grey. The scales chosen for the graphical presen-
tation are arbitrary

positions of the cognitive complexity of the problem (y-coor-
dinated on grid 1) and the methodological pluralism of the
project (y-coordinated on grid 2). Finally, we projected each
of the 17 problems (projects) onto the diagonal (y=x) of
grid 1 (2). This gave us new coordinates (projectGridl and
projectGrid2), which represent the wickedness of the prob-
lem and the pluralism of the project. We then tested the
correlation between these coordinates. Given the small sam-
ple size, all correlations were tested using non-parametric
Spearman tests. All statistical tests were performed using
RStudio.

Results
Problem wickedness

In line with our expectations, there was an overall slightly
positive (r=0.21) albeit non-significant (p =0.4, n=17)
trend within our sample of projects regarding the cognitive
and political complexity of the problems addressed (see Grid
1 in Fig. 1). In other words, the problems addressed and
their solutions were more difficult to define as the range of
actors affected grew. Indeed, no projects that addressed a
very unclear problem affected a narrow range of actors, nor,
symmetrically, did a problem affect a wide range of actors
and address a clear problem with clear solutions. However,

50
|

Methodological pluralism

; L
o) [

a7a

T T T T
0 50 100 150

Collaborative pluralism

Fig.2 Grid 2, showing the level of pluralism of the projects in our
sample of projects. The green line corresponds to the diagonal
(Y=X), while the red line corresponds to the regression line between
the two axes (the line is complete because the correlation is signifi-
cant). Projects are numbered in blue. The nine boxes are represented
in light grey. The values on axes are arbitrary

there were many exceptions, as underlined by the non-sig-
nificant relationship, since several projects were not aligned
on the diagonal, with a majority of them positioned below
it (Fig. 1). This finding reveals that the political complexity
of the problem addressed in these projects contributed more
to the overall problem wickedness than its cognitive com-
plexity. The opposite was true for only three projects (#2,
9, 15). It can also be noted that a large majority of projects
in our sample addressed moderately wicked problems, two
of them (#5, 6) very wicked problems, and one a weakly
wicked problem (#14).

Project pluralism

Again as expected, we found an overall positive—and
weakly significant (r=0.49, p=0.04, n=17; Fig. 2)—rela-
tionship between methodological pluralism and collabora-
tive pluralism within our sample of projects. In other words,
the diversity of methods increased with the diversity of
research partners. There were no projects with low heteroge-
neity of research partners and intermediate or high diversity
of research methods, nor with a high diversity of research
partners and low diversity of research methods. Five projects
(#1, 3, 6,9, 15) were very well aligned on the diagonal,
which means that their collaborative and methodological
pluralism contributed equally to their overall pluralism. Four
projects (#2, 8, 11, 12) were almost aligned on the diagonal.
Six projects (#4, 5, 7, 10, 13, 16) were substantially below
the diagonal, which means that their collaborative pluralism

@ Springer
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Fig.3 a The relative position of each of the 17 projects along
the diagonal of Grid 1 (X-axis) and Grid 2 (Y-axis); b the residual
(orthogonal) distance of each project against the diagonal of Grid
1 (X-axis) and Grid 2 (Y-axis). The green line corresponds to the
diagonal (Y=X), while the red line corresponds to the regression

contributed more to their overall pluralism than their meth-
odological pluralism. The opposite was true for two projects
(#14, 17).

Correspondence between problem wickedness
and project pluralism

Only four pairs of project and associated problem (#4, 6, 7,
11) occupied the same box (out of nine possibilities) in both
grids (Figs. 1, 2), i.e. contrary to our initial expectations, the
correspondence between problem wickedness and project plu-
ralism was actually limited. As said, we refined these results
by testing the correlation between the coordinates of the pro-
jects and their associated problems projected onto the diago-
nals of the two grids (Fig. 3a) We found an overall tendency
towards positive correlation, which was marginally significant
(r=0.41; p=0.08, n=17; see Fig. 3a), indicating that the rela-
tive positions of the projects in the two grids along the diago-
nals were more or less conserved. However, this held particu-
larly true for the right part of the graph, i.e. the most wicked
projects, while the level of correspondence between problem
wickedness and project pluralism was more dispersed around
the diagonal when problem wickedness was low (Fig. 3a). In
weakly wicked projects, project pluralism was either slightly
higher (#15), much higher (#1, 14), slightly lower (#9), or
much lower (#8) than expected given the wickedness of the
problem at hand. On the contrary, projects addressing highly
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line between the two axes (dashed when the correlation is not signifi-
cant). Projects are numbered in blue. The values on axes are arbitrary.
Alignment with the diagonal means perfect correspondence. A posi-
tion below (above) the diagonal indicates that project pluralism is
lower (higher) than expected given problem wickedness

wicked problems tended to have a level of pluralism that did
not deviate much from the wickedness level of the problem
addressed. Six projects (#4, 6, 7, 11, 12, 15) were almost per-
fectly aligned on the diagonal. Their levels of problem wicked-
ness and project pluralism contrasted, ranging from low (e.g.
#15) to high (e.g. #6). Main outliers (detected from their dis-
tance to the diagonal, in reference to Fig. 3) were #1, 2, 14, and
17 above the diagonal, and #8, 9, and 13 below the diagonal
(and to a lesser extent, #3, 5, 10, and 16). Conversely, by using
the residual distance of each project from the corresponding
diagonals, we found no relationships between the residuals in
grid 1 versus grid 2 (Fig. 3b).

We designated the situations where the methodological
(collaborative) pluralism was close to expected given the
cognitive (political) complexity of the problem addressed as
methodological (collaborative) correspondence, as methodo-
logical (collaborative) reductionism when it was lower, and
as methodological (collaborative) integrationism when it was
higher. We found that most projects presented at least one type
of correspondence but that reductionism and integrationism
were also well represented in our sample (Table 4). We found
no project with methodological integrationism and collabora-
tive reductionism or vice versa.
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Table 4 Classification of the 17 projects according to their methodo-
logical and collaborative strategies

Methodological

Reductionism Correspondence Integrationism

Collaborative
Reductionism 8,10, 13 3,12
Correspondence 5,9, 16 4,6,7,11 17
Integrationism 2,15 1, 14

Discussion

Sustainability science has been presented as ‘a different kind
of science’ (Kates 2011, p. 19450; see also Clark and Dick-
son 2003). This claim is associated with its central objective,
which is to tackle the wicked problems facing contemporary
societies. Here, we investigated the influence of problem
wickedness on how scientists address wicked problems in
practice. We analysed the relationship between the level of
problem wickedness and project pluralism by document-
ing the research stances and methods adopted to address
diversely wicked environmental problems in 17 research
projects. We refined the approach by distinguishing between
the political and cognitive complexity of the problem on the
one hand and between the collaborative pluralism and meth-
odological pluralism of the project on the other. We found
overall positive correlations between cognitive complexity
and political complexity, methodological pluralism and col-
laborative pluralism, and problem wickedness and project
pluralism, but the levels of correlation were always, at best,
weakly significant. We identified three research stances in
our sample: correspondence, when there was a rather close
match between collaborative (methodological) pluralism
and political (cognitive) complexity; reductionism, when
methodological or collaborative pluralism was lower than
expected; and integrationism, in the opposite case. Below
we discuss the influence of problem wickedness on these
strategies.

Problem wickedness

The dispersion of the level of correspondence between prob-
lem wickedness and project pluralism (Fig. 3a) suggests that
projects addressing highly wicked problems have less lee-
way regarding the level of pluralism than projects addressing
weakly wicked problems. On the one hand, it is understanda-
bly difficult to involve more actors than those interested in or
affected by a highly wicked problem or to use more methods
and approaches than the cognitive complexity of the prob-
lem suggests. Strong integrationism, then, is a poor option
when addressing a highly wicked problem. On the other
hand, involving far fewer actors or using a limited number

of methods and approaches can threaten project legitimacy
and relevance, making strong reductionism equally difficult.

We found a tendency towards reductionism in projects
addressing moderately wicked problems (see Fig. 3a), which
may have several explanations. Although strongly advocated
in sustainability science (Poteete et al. 2010; Biggs et al.
2022), methodological pluralism faces practical obstacles
that can be ‘formidable’ (Poteete et al. 2010). These include
the need for the research team to master the specific skills
required by each research method, which demands time and
money; for some incumbent team members to acquire addi-
tional skills; or for new members with these skills to join the
team. In addition, combining research methods from differ-
ent approaches may cause misunderstandings and tensions
between project participants, e.g. using qualitative methods
when trained in quantitative methods. Research based on a
mix of scientific approaches may also be more difficult to
publish and valorise in research careers (Poteete et al. 2010).

Similarly, the literature on participation in sustainabil-
ity science (e.g. Bammer 2008; Lang et al. 2012) has high-
lighted the many obstacles that can hinder actor involvement
in a project. These include, on the actors’ side, a lack of
interest in the project, a lack of confidence in its capacity to
improve their or the overall situation, and a lack of energy
to invest in time-consuming participatory processes; on the
researchers’ side, impediments include a lack of facilitation
and mediation skills. Finally, while the level of problem
wickedness is likely to increase actors’ interest in the project,
its influence on their confidence in the project’s capacity to
improve the situation is more difficult to predict. This would
require an in-depth analysis of how the various actors envis-
age the potential benefits and costs of (not) participating in
the project.

While the obstacles to methodological and collaborative
pluralism may explain the reductionist strategy, the integra-
tionist strategy appears more counterintuitive. We found
that projects characterised by methodological integration-
ism (#1, 14, 17) and collaborative integrationism (#1, 2, 14,
15) tended to address weakly to moderately wicked problems
(Table 4). These strategies seem to be related to specific
circumstances of the projects rather than generic factors. For
example, project #1 focused on a moderately wicked prob-
lem (i.e. the adaptation of mountain pastures and associated
grazing systems to climate change) that brought together
all the actors interested in mountain pastures. According to
the project leader, this would have been impossible with a
more controversial issue such as wolf predation, a highly
wicked problem in the French Alps (Mounet 2007; Doré
2011). The project aimed to develop a ‘space for dialogue’
(Nettier 2016), and the wickedness level of mountain pas-
tures’ adaptation to climate change lent itself perfectly to this
process. Each participant then developed their own methods
and approaches, and additional methods were used to foster

@ Springer
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their interactions, leading to high methodological pluralism.
Project #15 focused on the presence of exotic invasive spe-
cies of turtles in urban parks, which most visitors have not
considered a problem (Glatron et al. 2021). Interviewing
these actors enabled the project leaders to open up a debate
about the place of invasive exotic species in urban contexts
and the possibility of adopting a more ‘benevolent’ attitude
towards them (Glatron et al. 2021). In this case, collabora-
tive integrationism could be seen as a strategy to counteract
the dominant ecological perspective (i.e. invasive exotic spe-
cies are problematic and should be eradicated).

Project duration and leadership

Project duration and leadership are two other factors that
are well known to interfere with transdisciplinarity (Poteete
et al. 2010; Lang et al. 2012; Hitziger et al. 2019). A short
project duration seems to foster methodological reduction-
ism, which is congruent with previous studies (Poteete et al.
2010). Notably, it takes time to master the skills associated
with various methods, especially if they pertain to differ-
ent scientific approaches. We sought to explore the impact
of these two factors on project pluralism despite our small
sample size, which precludes multivariate analyses and
statistical testing. Out of the six projects characterised by
methodological reductionism (#5, 8, 9, 10, 13, 16), four (#5,
8, 10, 16) had a short duration, one (#9) had an intermediate
duration, and one (#13) was a long-term project. Therefore,
the tendency is less clear than for problem wickedness. The
pattern was even less clear for collaborative reductionism,
with two long-term projects (#3, 13) out of five characterised
by collaborative reductionism.

Interestingly, project #13, characterised by both meth-
odological and collaborative reductionism, was a long-term
citizen science project addressing the poor quality of river
water and recurring algal blooms in western Brittany. It was
based on the weekly monitoring of water samples collected
by scientists and essentially one type of citizen (high school
students). Methodological and collaborative reductionism
may be a common strategy in long-term monitoring pro-
jects, as it facilitates the standardisation of data production
protocols.

An equal number of short-term and long-term projects
showed methodological or collaborative integrationism,
whereas we expected the number of long-term projects
meeting this criterion would be higher. One potential expla-
nation is that short-term projects actually benefit from the
long-term dimension of ZAs. Two- or three-year projects
can build on a much longer history that has given the partici-
pants’ time to master a diversity of methods and to establish
and maintain relationships with a broad range of actors. For
example, its inclusion in a long tradition of collaboration
between researchers with various disciplinary backgrounds

@ Springer

and local actors enabled project #14 to involve a wide range
of actors and use various methods around the radioactivity
of natural springs despite its short duration.

Finally, we found that projects characterised by reduction-
ism were mostly led by male scientists trained in ecology
or hydroecology, whereas projects characterised by inte-
grationism were mostly led by women with more diverse
disciplinary backgrounds (ecology, sustainability science,
and human geography). Koppman and Leahey (2019) found
that scholars with high status (i.e. men affiliated with a more
prestigious discipline) were more likely to adopt high-risk,
high-reward strategies and, in particular, unconventional
methods, provided these were not too unconventional. Meth-
odological and collaborative pluralism can be considered
unconventional methods (Biggs et al. 2022), and they may
be too unconventional to be adopted by high-status research-
ers, although there are exceptions in our sample. For exam-
ple, projects #2 and 6 (addressing a highly wicked problem
and characterised by methodological and collaborative cor-
respondence) were led by two late-career male researchers,
the former in human geography and the latter in ecology.

Limitations

Our results are exploratory and need to be confirmed and
refined. The first limitation regards the positioning of the
cases in the two grids, especially in grid 1 (problem wicked-
ness). Assessing the wickedness of a problem is certainly not
straightforward (Peters and Tarpey 2019).While we found it
really helpful to decompose problem wickedness into two
dimensions, assessing the problems’ cognitive complex-
ity proved to be particularly challenging. Indeed, we could
not strictly follow Alford and Head’s (2017) proposal, i.e.
distinguish between the level of clarity of the problem and
the level of clarity of its solution(s). We found it more fea-
sible to identify three levels of clarity of the problem and
its solution(s), as explained in the method section. Despite
this adaptation, we acknowledge that there is some subjec-
tivity when positioning a problem’s cognitive complexity.
Positioning the political complexity of the problem was also
problematic in some cases. For example, we discussed the
extent to which the rapid melting of sea ice in polar eco-
systems (project #9) is a politically complex problem (and
eventually decided it directly affected a few actors and gen-
erated little conflict). As for the positioning in grid 2 (project
pluralism), it could be biased by the heterogeneous level
of information available for each project and our personal
knowledge of some projects. We limited this bias as much
as possible through discussion among ourselves and with
the project leaders.

We are therefore confident that the positioning of the
problems and projects is not arbitrary, although some slight
changes could probably be considered (and would affect
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the statistical tests). Furthermore, we could have chosen
the typology of methods proposed by von Wehrden* rather
than that proposed by Biggs et al. (2022). However, there
is significant overlap between the two typologies, and the
three categories of research approaches we have used are
broad enough to be robust. Consequently, we believe that
using another typology would not have changed our results,
at least qualitatively.

The sample size is the second limitation of our study. On
the one hand, we could not obtain statistically robust results
with only 17 projects. A larger and more diversified sam-
ple would be necessary to further our understanding of the
influence of problem wickedness on project pluralism and
to test factors that we only started to explore here, such as
project duration and leadership, or that we did not consider,
such as financial resources. On the other hand, there were
too many projects to give us in-depth knowledge of each
of them. Therefore, we could not evaluate the influence of
qualitative factors such as intensity of interactions or trust
among project partners, which has often been underlined as
an important factor for collaborative pluralism (e.g. Harris
and Lyon 2013; Cundill et al. 2015).

Conclusion

Contemporary societies are faced with a growing number of
diversely wicked environmental problems, including highly
wicked or super wicked ones. Sustainability science has
developed specific research stances and methods to tackle
these problems. The textbooks about methods and participa-
tion in sustainability science that have recently flourished are
undeniably useful in helping newcomers to the field choose
methods and participation strategies that are appropriate to
the problems they seek to address. However, we believe that
there is also a need to clarify the factors that influence the
research stances and methods adopted in projects address-
ing wicked environmental problems. Therefore, we adopted
a pragmatic rather than prescriptive approach to exploring
these factors, with particular attention to the level of prob-
lem wickedness. An original feature of our study is that we
considered participation and methods as two types of project
pluralism, whereas the literature tends to focus on one or
the other.

We found that project pluralism tended to increase with
problem wickedness. Moreover, projects addressing highly
wicked problems have little room for manoeuvre and are
more likely to have a level of methodological and collabora-
tive pluralism that matches the wickedness of the problem
at hand. Addressing such problems is therefore especially

4 See https://sustainabilitymethods.org/index.php/Methods.

constraining. In contrast, projects addressing weakly to
moderately wicked problems have more flexibility when
choosing between the three strategies we have identified:
correspondence, reductionism, and integrationism.

Beyond problem wickedness, our study enabled us to
discern the influence of other factors such as project dura-
tion and leadership. Because the results presented here are
preliminary and need to be strengthened, we hope that our
paper will pave the way for studies based on larger and more
diverse project samples. Such projects will contribute to a
better understanding of the implications of addressing highly
wicked problems for research stances and methods and,
more generally, the factors influencing how sustainability
science is concretely enacted.
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