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A B S T R A C T   

Post-Normal Science (PNS) emphasises the need for scientists and policy-makers to iteratively co-analyse and 
learn together, as part of an extended peer community. However, the roles and implications for scientific experts 
when interacting with policy-makers are not well understood. Informed by insights from science and technology 
studies (STS) on modalities of interaction and the multiple potential roles of experts, we reflect on our experi
ences as scientific experts working on European agricultural policy within the interdisciplinary H2020 MAGIC 
project. We aimed to analyse and facilitate science-policy dialogue on a variety of European sustainability 
challenges. Whilst we achieved stimulating interactions on the nexus of issues associated with sustainable 
agriculture, our experiences did not fully match our deliberative vision. In part this was due to the varied 
constraints and reactions of policy-makers: many had limited remit for engagement, some expressed scientists 
should act as ‘fact’ providers in support of current tasks; others contested scientific analyses when these implied 
policy approaches were insufficient. Our own roles and reactions also varied across the scientific team and over 
time: from attempting to foster relationships, to emphasising our relevance to their tasks, or making stronger 
judgements. This dynamic mix was at times personally uncomfortable and challenging. Navigating such pro
cesses needs explicit reflection on the potentially plural roles expected of scientific and other experts working on 
and for sustainability. Meanwhile, the persistent expectations and institutional constraints that underlie and 
constrain science-policy interactions need more recognition, including by policy institutions themselves.   

1. Introduction 

This paper shares the experiences of researchers attempting to 
implement Post-Normal Science (PNS) to understand implications for 
achieving new forms of science-policy relationships for sustainability. 

PNS reflects the view that facts and values are deeply entwined, 
especially when high decision stakes come together with uncertainty 
about the risks involved. This in turn means that science, politics and 

society cannot be treated as neatly demarcated entities. This has a 
number of implications, one of the most central being that assessments 
of the quality of decision-making, and the evidence used in decision- 
making processes, should engage a broad community of peers. For sci
entific experts, it requires them to see themselves as sharing and (co) 
creating knowledges in conjunction with policy-makers or other stake
holders. The principles of PNS thus include the recognition of the limits 
of scientific knowledge and the presence of uncertainty, decision-stakes 
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and the influence of values on research; the desirability of including an 
extended peer community in decision-making that includes different 
types of knowledges; and promoting mutual learning amongst those 
holding different perspectives (Ravetz, 2004). Following these princi
ples is believed especially important for complex, urgent and contested 
issues (Funtowicz and Ravetz, 1993). 

These characteristics of urgency, complexity and contestation 
certainly characterise many challenges related to the climate and 
biodiversity crises, which are often called ‘wicked problems’ (Game 
et al., 2014). It is increasingly recognised that different environmental 
sectors or domains – such as water or terrestrial biodiversity manage
ment – are intertwined; and further, that societal interests and activities 
such as agriculture cannot be considered separate from the environment. 
Growing use of the term ‘nexus’ reflects the need to understand complex 
interconnected systems, though often without recognising the plural 
values and interests emphasised by PNS (Cairns and Krzywoszynska, 
2016). Given the nature of these sustainability challenges, all the prin
ciples of PNS should be relevant: Ravetz (2018) specifically calls for 
‘transformative sustainability science’ that reflects PNS principles. Other 
authors using similar labels of ‘sustainability science’ have added useful 
emphasis on the need for systems thinking (König, 2018), and the need 
for reflexivity (Popa et al., 2015). 

Nearly three decades after the PNS concept was introduced, its 
principles have achieved influence, especially in the development of 
ecological economics (Funtowicz and Ravetz, 1991) and some discourse 
on the role of science in relation to policy (e.g. Gluckman, 2014). The 
spatial planning framework in South Africa is now claimed to be 
compatible with PNS (Buschke et al., 2019). However, as Turnpenny 
et al. (2011) observed, and continues to be the case, there have been few 
initiatives reported describing the application of PNS to tackle envi
ronmental challenges. A more recent review specifically of nexus man
agement cases, similarly found a disappointing tendency to rely on 
traditional models of ‘knowledge application’, and few transdisciplinary 
processes (Urbinatti et al., 2020). Promisingly, Mason’s (2021) recent 
paper on invasive species suggests PNS to be both relevant and feasible 
for developing debate around contested complex issues (Mason et al., 
2021). Meanwhile, Dolter’s (2021) account of deliberative modelling of 
energy generation gives useful insight into how these processes may 
evolve and adapt. So PNS is possible but rare. This is likely linked to the 
persistence of ‘traditional’ ideas of the role of science and its relation
ships with policy (Nutley et al., 2010), which limit opportunity to put 
PNS ideas into practice. 

Beyond the above examples, there has generally been very little 
published on the detail of processes and experiences of individuals 
trying to implement PNS. This should be addressed, because enhancing 
reflexivity has been argued to be an important attribute for improving 
sustainability science (Popa et al., 2015). Without reflexivity, assump
tions and habits may go unrecognised, potentially limiting the scope of 
learning and future achievements (Chilvers, 2013). Indeed, more 
detailed reflection on individual experiences would potentially benefit 
many science-policy interfaces and initiatives, not only those formally 
espousing PNS (e.g. Beck et al., 2014). For example, an exploration of an 
expert group within the European Commission by Décieux (2020) pro
ductively showed how the outputs of the group arose from the in
teractions of individuals reflecting a variety of stakes, interests and 
knowledges. More such insight into individual experiences could 
generate a deeper appreciation of the prospects and potential for PNS. 

This paper addresses the need to better understand the roles of sci
entists attempting to achieve and embody new forms of science-policy 
relationships, in order to inform and improve future initiatives for sus
tainability science. To do so, we turn to the work of Turnhout (2019), to 
guide our exploration of the potential roles for individual scientists 
interacting with policy-makers. 

1.1. Deepening the focus on scientific experts 

In her work on the science-policy-society interface, Turnhout is 
interested in what she calls different modalities or repertoires of in
teractions that shape the ways in which scientists interact with other 
actors. According to the modality scientists draw on in any given situ
ation, there are different roles that are available to them, different 
conceptions of the relation between science, policy and society and also 
different ways in which problems can be framed. A few other sources 
have reflected on the roles of scientists, notably Pielke’s (2007) 4 po
tential modes of interaction for scientists, highlighting varying claims 
for objectivity, and a heuristic of 5 scientist roles by Wittmayer and 
Schäpke (2014) which highlights differing commitments and re
sponsibilities as change agents, and the need for reflexivity. Turnhout’s 
conceptualisation is consistent with these, and especially directs atten
tion not only to the different roles that scholars assume in their in
teractions but also to the various ways in which scientists or academics 
are considered – or allowed – to act as experts. This depends not only on 
personal preferences but also, crucially, on the particular institutional 
and organisational context. In a similar manner, Smallman points to the 
broader cultural imaginative resources available to make sense of 
certain interactions or situations (Smallman, 2020). 

Turnhout’s modalities of interaction, shaping how different actors 
act and interact, can be summarised in terms of typology of 3 expert 
roles.1.  

1. Servicing, to provide facts to help solve problems already identified 
by policy-makers;  

2. Advocacy, to argue for particular issue, problem or solution to be 
recognised;  

3. Diversifying (called here brokerage), to facilitate inclusion of 
different views and knowledge. 

Comparing these roles with the principles of PNS; 

1. Servicing is linked to the ideas of ‘normal’ science and a linear un
derstanding of the relation between science and policy, whereby the 
knowledge produced by scientific experts is presented as separate 
from politics and decision-making, and identified as “facts” and 
“evidence”. It generally accepts and works within an established 
problem framing, without questioning it. It thus does not fit well with 
the principles of PNS, where science as well as policy are seen to be 
shaped by uncertainty, values and stakes.  

2. Advocacy partially fits with PNS principles in that it reflects the ideas 
of acknowledging how values infuse knowledge and the scientific 
process, and critique of existing problem-framings is possible. 

3. Brokerage may be the role that best fits with PNS ideas of how sci
entists should behave when interacting with policy makers, since it 
can imply an emphasis on plurality (as a means of acknowledging 
complexity) and the need to recognise and accommodate different 
values. It can enhance a group’s recognition of different (potential) 
problem-framings. 

This typology was introduced by Turnhout as a heuristic device to 
identify and navigate diverse possibilities for expert roles and modalities 
of interaction; not expecting individuals will conform strictly to one or 
other roles. This dynamic conception of expertise and expert roles builds 

1 We are aware that such a typology necessarily is a simplification and can be 
interpreted as encouraging an overly static representation of the multiple and 
shifting roles adopted and ascribed to researchers in their interactions in the 
science-policy-society interface. However, we argue that this typology with its 
sensibility towards modalities of interactions provides a good heuristic to sys
tematically explore and reflect on our interactions with policy- and decision- 
makers. 
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on work on the “nature” of expertise by Science and Technology Studies 
(Collins and Evans, 2002; Jasanoff, 2003; Rip, 2003; Wynne, 2003). 
Scholars such as Wynne (2003, 1992) and Jasanoff (2004) argue that 
categories and classifications for demarcating experts from non-experts 
to ascribe (legitimate) expertise are co-produced, emerging through 
successive encounters between different experts and forms of expertise. 
Moreover, an essentialist notion of expertise as something that someone 
just ‘has’ independent of any particular situation is rejected, in favour of 
a position that it is “something acquired, and deployed, within particular 
historical, political, and cultural contexts.” (Jasanoff, 2003, p. 393). This 
does not imply doing away with the distinction between experts and 
others, but directs attention to the processes by which these distinctions 
– and the different repertoires in Turnhout’s words - become stabilised, 
rehearsed and also contested. Drawing on this literature we are therefore 
explicitly interested in how the different modalities and scientific expert 
roles evolve and change over time. 

In this paper we reflect on 4 years of our evolving expert roles in the 
interdisciplinary H2020 ‘MAGIC’ project,2 that ran 2016–2020. The 
MAGIC project aimed to work closely with policy-makers, and to 
prompt, inform or inspire ideas about future policy change for sustain
ability. We focus here on interactions related to European agricultural 
policy. We ask: 

1. What roles did MAGIC scientific experts expect to play when inter
acting with policy-makers?  

2. What roles did these experts play in practice, and why?  
3. What are the implications for the future development of PNS for 

sustainability? 

We first describe more about the project and the academic experts 
within it, and the data we draw on here. To answer the first two research 
questions we then report how expert roles were anticipated and played 
out in practice. We then discuss implications for PNS and sustainability 
science in the final section of this paper, addressing the third research 
question. 

2. Background - the MAGIC project and its experts 

MAGIC was a large multi-partner Horizon2020 project that aimed to 
analyse and inform governance of the water-energy-food-environment 
(WEFE) nexus in Europe. 

The MAGIC project was strongly interdisciplinary. Some of the sci
entists had previously collaborated, notably in a previous European- 
funded project3 that involved many of the same principal investigators 
with expertise in data science and societal metabolism accounting, 
together with some experts in science and technology studies (STS), 
sociology and stakeholder engagement. MAGIC adjusted and expanded 
this team to give more capability in the social sciences, and in particular 
qualitative analysis of themes or narratives to contextualise and shape 
salient applications of the social metabolism approach. Both the quan
titative and qualitative analyses were to be combined in an iterative 
process called ‘Quantitative Story Telling’ (QST). This process built on 
prior projects’ methodological developments, and experience of work on 
science-policy interfaces (e.g. Matthews et al., 2011). It aimed to reflect 
a post-normal science ethos (Ravetz, 2004), going beyond inter
disciplinarity to achieve transdisciplinarity, by iteratively involving 
stakeholders who would participate in and shape the research. For more 
detail on the MAGIC methodology see Matthews et al. (2021) and 

Blackstock et al., 2023. 
Within the consortium there was a mix of academic disciplinary 

expertises; the societal metabolism analysis was implemented by data 
scientists, but called on other experts e.g. in ecology or physics; whilst 
the policy analysis was led by sociologists and other social scientists, 
using document and interview analysis. Many of the staff had mixed 
disciplinary backgrounds, e.g. geographers who now lead quantitative 
spatial policy analyses, ecologists who now analyse environmental 
governance challenges. Regardless of disciplinary background, many of 
the senior researchers describe themselves as working on or favouring 
systems perspectives and analyses. Some individuals might normally call 
themselves ‘researchers’ or ‘analysts’ instead of or as well as ‘scientists’ 
but all were employed by academic organisations, so all the individuals 
working on MAGIC are collectively referred to as ‘scientific experts’. 
Expertise that is not strictly or solely academic was also needed; 
knowledge of EU institutions and processes, skills in data interpretation 
and visualisation, stakeholder recruitment, engagement and communi
cation skills, expertise in team-working, and in workshop or event co
ordination. Many individuals within the team possessed multiple 
sources of expertise e.g. in part or all of the QST methodology, knowl
edge of datasets, experience in policy liaison in Europe or with national 
governments. 

Stakeholder analysis was used to understand and differentiate 
different teams’ and individuals’ policy roles, though this was not 
explicitly discussed in terms of their varied expertise, a point we return 
to in the discussion. What we refer to in this paper as ‘policy-makers’ is a 
diverse set of individuals working in policy institutions, with differing 
interconnected roles, interests and agencies (Hodson et al., 2022). We 
were aware that the Joint Research Centre (JRC), the European Com
mission’s science and knowledge service have PNS expertise – and were 
members of MAGIC – but we did not expect explicit awareness of this 
concept beyond JRC. European institutions have long endorsed 
evidence-based policy-making (e.g. European Commission, 2001) and so 
we expected policy-makers to have some familiarity with and support 
for the concept of liaising with scientific experts. However, rationales 
and recommendations for using science in European policy processes 
have often emphasised a ‘strict separation’ of science and policy, which 
does not well fit with PNS principles and modes of working (Saltelli and 
Giampietro, 2017), so we did not expect widespread familiarity with 
PNS. 

The experiences described in this paper come from a strand of work 
concerned with the role of the EU Common Agricultural Policy (CAP) in 
influencing the sustainability of agricultural systems. This work was 
carried out in 2 iterative cycles of QST. In the first cycle, spanning 
2016–2018, agriculture was part of an analysis encompassing a broader 
mix of sustainability-related policies: this highlighted agricultural poli
cy’s influence over natural resource flows. Additionally, around this 
time there was a vocal debate over the future of the CAP post-2020. 
There were calls for CAP to more strongly support environment pol
icies and sustainability goals (e.g. Hart and Bas-Defossez, 2018), and 
proposals for agricultural policy to be part of broader ‘Farm-to-Fork’ i.e. 
food systems framing, as part of the European Green Deal.4 We hoped 
this meant that new analyses of agricultural systems, such as ours, would 
be topical and timely. However, we did not know if the context would 
promote more interest in our work, or conversely if some policy-makers 
might be more cautious about opening up to new perspectives such as 
ours. 

As a result, our second QST cycle, spanning 2019–2020, more 
strongly focused on agriculture. In both cycles, we analysed narratives 

2 The H2020 MAGIC project (Moving Towards Adaptive Governance in 
Complexity: Informing Nexus Security) is described and reported at https:// 
cordis.europa.eu/project/id/689669  

3 The main predecessor to MAGIC is the FP7 SMILE project (Synergies in 
multiscale interlinkages of ecosocial systems): it is described at https://cordis. 
europa.eu/project/id/217213/ 

4 A useful summary of the Green Deal programme as it was originally con
ceptualised in 2019, is provided by the European Parliamentary Research 
Service https://epthinktank.eu/2019/12/06/european-green-deal/ The 
evolving programme and specific actions since then are presented at https://ec. 
europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en 
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or themes associated with discourse on CAP policy. These informed 
quantitative analyses using ‘societal metabolism accounting’ methods 
(Giampietro and Mayumi, 2000), which highlight the funds and flows of 
materials and other societal resources associated with complex societal 
processes such as agricultural production. These analyses showed that 
many agricultural processes are associated with high flows of resources 
(e.g. water extraction, pollution loading), often placing unsustainable 
pressures on natural systems – presented in Matthews et al. (2021). 
Finally, we shared and discussed these qualitative and quantitative data 
with policy-makers. 

The Supplementary material shows all the activities in the process of 
analysis and engagement across both QST cycles, focusing on the main 
meetings and events where academic experts working on MAGIC 
interacted with each other and/or with policy-makers. The total number 
of these science-policy mixed interactions was 16, whilst the total 
number of meetings involving academics working under MAGIC was 35 
– of these the majority (24) involved scientists from different disciplines. 

Our primary target for engagement were staff within the European 
Commission, as the Commission has responsibility for proposing new or 
updated laws and policies, and for monitoring their implementation. 
Individuals within the Commission have roles that vary greatly ac
cording to seniority, Directorate General (DG) and Unit; we initially 
targeted those working on agricultural policy analysis and integration 
with other sustainability policy goals. To discuss the material resulting 
from the first QST cycle we therefore organised a meeting held within 
DG Agriculture in October 2018. This reflected the focus of our analyses; 
and we were mindful that opening up can be encouraged in a ‘safe space’ 
(Pereira et al., 2015) away from other interests and Directorates. 
However, as this strategy did not feel entirely satisfactory to us, later in 
the project our engagement strategy broadened. To discuss the material 
generated in the second cycle of QST, we still sought to engage with 
those originally engaged in the first QST cycle, but also with 
policy-makers in other roles. The focal events resulting from this strat
egy were: a November 2019 event that mixed staff from several DGs 
including DG Agri in a neutral location; a January 2020 breakfast event 
for politicians and their staff at the European Parliament, which shares 
the power to adopt and amend legislative proposals and budgets; and a 
June 2020 virtual webinar with the European Environment Agency 
(EEA), whose role is to provide information on the environment for 
those involved in developing, adopting, implementing and evaluating 
environmental policy. These events, together with some related en
gagements and concurrent policy events are shown in Fig. 1. At all such 
events, we communicated in advance the aims, agenda, and how any 
feedback would be used, emphasising confidentiality, i.e. that nobody’s 
contribution would be publicly-identifiable. Transdisciplinarity depends 
strongly on skills such as facilitation (Fam et al., 2016). As such, the 
planning and on-the-day running of all events was led by those of us with 
facilitation experience, collectively planning everything from in
vitations and venues through to event structure and facilitation prompts. 
We aimed to balance information-sharing and discussion, to encourage 
as many attendees as possible to contribute, and to introduce our own 
questions but also respond to attendee questions and ideas. We distrib
uted feedback forms after events, to allow additional reflection and 
encourage individual perspectives that may not have been aired during 
collective discussion. The results section provides more information on 
our shifting engagement strategy. 

3. Method 

This paper is an auto-ethnographic reflection (White, 2011) of our 
personal experiences of evolving expert roles. This was an emergent 
issue noted by the authors during methodological planning, imple
mentation, appraisal and reflections throughout the MAGIC project. As 
noted above, we focus here on our work on agricultural sustainability, 
together with the work that preceded and informed it: we do not claim to 
represent the full range of experiences and viewpoints of the wider 

MAGIC consortium, nor those of policy-makers with whom we engaged. 
The main data sources used are (i) meeting notes (taken from within- 

organisation meetings, as well from consortium-wide meetings) (ii) 
memos and records of external interviews and meetings to engage with 
policy-makers (both during the events listed above and in any other 
interactions e.g. during conference attendance), and (iii) post-meeting 
feedback forms returned by participants after engagement events. We 
also draw on personal knowledge of our own and colleagues’ back
grounds, and on interview data where policy-makers describe their 
backgrounds and expertise. We appraised these data to understand 
evolving scientific experts’ preferences and behaviours, and in the cor
respondence with the expert roles or modalities outlined by Turnhout 
(2019). 

This is a deductive analysis where we apply Turnhout’s typology to 
help us understand and reflect on the emergent issue of our expert roles. 
Our results below do not arise from formal analysis using software, but 
subject to extensive team-based reflection, with our intentions for 
science-policy interactions discussed and challenged within internal 
consortium meetings, and finally discussed at the 2020 PNS5 Sympo
sium5 at the end of the project. The MAGIC research process received 
ethics approval from the James Hutton Institute Research Ethics Com
mittee, and all data collected was processed in accordance with GDPR. 

4. Results 

4.1. Initial expectations of scientific expert roles 

Scientific experts from different disciplines were required, by the 
project’s design, to meet and collaborate with each other in interdisci
plinary research, shaping each others’ analyses: the original proposal 
and grant agreement made frequent references to ‘mixed qualitative- 
quantitative tools’ and partners in the consortium partially justified 
themselves on the basis of their experience in interdisciplinarity. 
Implementing QST was intended to promote iterative cycles of reflection 
and analysis that was not only interdisciplinary, but also trans
disciplinary: that is, informed and influenced by the active participation 
of and co-analysis with policy-makers. There was no detailed prescrip
tion for how scientific experts should initiate or behave in these in
teractions, but there was a requirement for each QST cycle to have one 
or more meetings involving participation by policy-makers. In these 
interactions, scientists were expected to be open to understanding and 
responding to policy-maker visions and views, for example by adapting 
what aspects of agricultural systems were explored by the societal 
metabolism accounting, and with what data. This best fits with the ethos 
of the broker role, where scientists bring together different knowledges 
and values of relevance to policy, including their own. For example, 
when social scientists carried out early interviews with policy-makers, 
we often represented ourselves as intermediaries between policy and 
other colleagues, explaining we would “feed” or “pass back” in
terviewees’ ideas or problems to the colleagues conducting quantitative 
analysis. 

The expected work did not closely align with the servicing role. 
MAGIC planned to stimulate “a better understanding” of nexus in
teractions and policy interlinkages, so “generating with stakeholders 
alternative formulations of nexus security” (p.3 and p.23 in our 2016 Grant 
Agreement). To conform with the funder’s evaluation criteria, which 
tend to favour demonstrable instrumental utility, this text did also 
describe its method as responding to the “needs for advice of different 
DGs” and providing “’on the flight’ advice to the EC about the timelines and 
soundness for the EU 2020 Strategy and the EU position in international 
agreements of EU policies…and targets”. However, beyond this, the project 
text generally avoided promising that it would ‘solve’ the immediate 

5 The Post-Normal Science 5 Symposium, 21–25/09/2021 https://pns5.biost 
atistica.net/ 
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needs of policy-makers. 
Once the project secured funding, there was less need to claim 

instrumental utility by providing immediate answers and insights for 
pre-existing policy questions and processes. Instead, in early internal 
meetings many senior project members emphasised that policy-makers 
needed to question their problem framings and contemplate radical 
changes, stating that current policies were often inadequate to the scale 
and scope of sustainability challenges. This normative position might be 
expected to automatically translate into an advocacy role for the sci
entists – critiquing existing problem framings. However, during the first 
year of the project, such views were not expressed in early interactions 
with policy-makers, as the social scientists responsible for initiating 
policy engagement largely focused on understanding policy processes 
and stakeholders, and explaining what they knew of the MAGIC meth
odologies, including both some overview of the technicalities of QST and 
the ethos of aiming to engage with policy-makers in discussing impli
cations. Meanwhile, other colleagues expected that presentation of data 
related to sustainability, even without making their own views explicit, 
would “speak for itself” and so inexorably lead policy-makers to agree on 
the need for radical policy and societal change. 

4.2. Evolving roles of scientific experts 

Throughout 2017 we accrued experience of identifying and inter
acting with policy-makers in interviews, emails and face-to-face in
teractions. Partially influenced by these interactions, our societal 
metabolism analysis focused on the sustainability of agricultural 

systems. These interactions did partially reflect our intention for an 
iterative and interactive process, but it did not proceed entirely as 
envisaged in the project plan. Firstly, identifying and contacting policy- 
makers took even more effort than we had initially imagined. Then, after 
establishing contact we often then struggled to build relationships. This 
was not helped by our keenness to critically discuss sustainability and 
query policy. It appeared many policy-makers did not feel comfortable 
sharing any opinions in a professional capacity, though this depended on 
personality and position. This was especially true for any opinions that 
could be seen to criticise current policy: even though all the discussions 
and feedback were clearly explained to be confidential, with no 
contributor ever being publicly identifiable. For example, in response to 
routine requests for post-event feedback, one participant declined giving 
ratings on progress to sustainability, describing it as “intrusive, in terms of 
passing judgement over policy”. Our aspirations to build in-depth relations 
were also challenged by different sets of people engaging with different 
events and engagements. Whilst this ‘churn’ was not entirely unex
pected, this resulted in the social scientists who led the engagement 
further adapting their approach to promote the salience of MAGIC. In 
some meeting invitations, we emphasised the role of MAGIC in pre
senting “an overview” of data and issues related to agricultural sustain
ability, giving less emphasis to potential discussion and debate over 
policy itself. For example, our invitation to our October 2018 meeting, to 
discuss our first stage of analysis, said there would be discussion 
following presentations: “we would very much value your thoughts on this 
analysis – whether you find it interesting, helpful – and also your own 
perspective and ideas on useful next steps”. This framing emphasised 

Fig. 1. A visual overview of key steps in our MAGIC research focused on agriculture. Consult supplementary material for more information about specific steps.  
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seeking feedback to enable our work to have instrumental value to them, 
rather than to explore the suitability or framing of policy issues. During 
these meetings some scientists also emphasised their knowledge of 
policy processes and practicalities, to build rapport and build confidence 
with new contacts. Thus, the broker role was, to some extent, 
maintained. 

The broad structure of meetings with policy-makers was to share the 
overall methodology, present data analysed by the MAGIC team, then 
briefly give our interpretations and conclusions, before asking the 
policy-makers for their own reactions and interpretations. Our analyses 
suggested many agricultural processes are associated with high flows of 
resources (e.g., water extraction, pollution loading), that place pressures 
on natural systems, so our own conclusions were that significant changes 
were needed that could not be achieved by minor adjustments to 
existing policy measures, but that might imply radical change in or 
removal of high-level policy, especially CAP. As such, these final con
clusions were explicitly normative, by critiquing aspects of the current 
situation. This may have been slightly unexpected for some policy- 
makers. It is not that we had intended to mislead them, in the framing 
of our invitations; but we aimed to present both empirical results and 
also draw out implication and highlight alternative narratives. The latter 
content was not always expected or welcome in a context where policy 
institutions are used to commissioning science to serve rather than 
critique policy processes. 

The explicit normative position is also reflected in the content and 
labelling tangible outputs such as ‘concern sheets’ instead of more 
neutral ‘research briefings’. To some extent this advocacy role 
strengthened over the course of the project: by the time of the final in- 
person interaction with the European Parliament in January 2020, the 
limited presentation time was used to focus on a few slides highlighting 
a few high pressures associated with certain agricultural processes, 
closely linked to statements about the unsustainability of current agri
cultural policies. This generated concerned responses e.g. that the situ
ation was “scary” and some debate about the scope and pace of policy 
changes needed. It was interesting that this debate arose with Parlia
mentarians and their officials, much more so than in interactions with 
staff from the Commission. 

Our project team’s normative views and critiques of the current 
policy process were more clearly articulated in our later-stage in
teractions: both in the conclusion to presentations and in some of our 
responses during discussions. Yet we also noticed that during later-stage 
interactions, a few of us – those with responsibility for recruiting and 
maintaining policy engagement – reacted to policy-maker criticisms or 
lack of enthusiasm for our work, by asking how our future work could 
“complement what you are already doing” and what changes would be 
needed for our work to be “really useful”. These responses would lead us 
to conform with existing framings of the science-policy interface, and to 
support decision-making in a manner that would more closely conform 
with the servicing role. One of us noticed that we had initially crafted 
invitations and initiated discussions with relatively neutral language, 
akin to a broker role; but when faced in person with doubts and ques
tions from policy-makers we shifted to exploring their current needs, 
whilst adopting body language and facial expressions that were indic
ative of being ‘eager to please’. In summary, different scientific experts 
in our team were adopting different roles, and even slightly shifting in 
roles during the course of one interaction. We explore more about why 
this occurred in the following sections. 

4.3. Why and how these roles were adopted 

Our evolving roles arose in response to the varied reactions of policy- 
makers and our personal reactions to them and each other. 

Where we presented our analyses to staff from the European Com
mission as in October 2018 and November 2019 events – their individual 
reactions varied, but rarely touched on the need to change current policy 
processes. Instead, the bulk of questions and comments related to 

querying the datasets used in societal metabolism analysis, contesting 
details of language or presentation. For example, after we presented our 
interpretation of the data – that we believed change in CAP was needed 
for agriculture to become sustainable, one policy-maker responded by 
asking that we instead describe it as merely needing to become ‘more 
sustainable’. The same person also asked us to describe the limitations of 
the dataset we used, which was the Commission’s own data and the 
formal basis of policy implementation appraisal. We had expected that 
stakeholders would wish to probe and check the material presented, yet 
even so we were surprised by how negative this felt and how difficult it 
was to move beyond questions or comments on details. In our internal 
debriefing discussions after our 2018 and 2019 policy workshops, we 
speculated that focusing on data, definitional and methodological 
queries might be a form of deflection, to avoid discussing any bigger 
implications that would follow from accepting that agricultural systems 
and agricultural policy required significant change. We did feel that our 
willingness to respond to queries in the 2018 meeting, as well as our 
adapted presentations, lessened this critique during the 2019 event, but 
it was still a significant theme. Interestingly, an interaction with the EEA 
in summer 2020 – based around similar content – played out quite 
differently. Although it might be expected that the EEA analysts would 
be more focused on exploring details of the data and methodology, our 
discussion actually spent much less time probing or contesting details, 
and was more focused on what the implications were for policy and 
policy support. 

In the October 2018 and November 2019 events, a couple of par
ticipants asked for more tailored and specific policy recommendations 
that they could feed into their ongoing work. We felt this conflicted with 
other feedback which, as noted above, we felt pushed us to avoid dis
cussion of policy implications. However, such requests for policy rec
ommendations would fit well with expectations of scientists playing a 
servicing role, if we were asked to focus our input into supporting the 
detail of how to implement ongoing policy processes, rather than 
critiquing them. Such requests may reflect the mandates and profes
sional tasks of the attendees, as well as their previous experiences of 
interacting with researchers commissioned to inform and refine specific 
policy processes, rather than question the broad structure of the policies 
themselves. 

The reactions of the scientists in the presenting team also diverged. 
Our lead expert in the societal metabolism analysis focused on 
explaining and defending the details of its application, and reiterating 
the team’s interpretations and conclusions. They also mentioned expe
rience of policy-maker relationships and relevance in other contexts, to 
bolster their credibility. In the same meetings, another scientist repre
senting social science similarly attempted to signal their understanding 
of policy-maker processes and constraints, but also adopted an 
increasingly placatory tone, asking questions to elicit and understand 
policy-makers perceptions of what would be useful. This latter approach 
was motivated by wanting to maintain and build a fragile professional 
relationship they had initiated. This reaction was also a slightly 
instinctive avoidance of inter-personal conflict, and seeking to comple
ment and soften the more defensive position of the colleague arguing for 
the value of our analyses. However, when there was more willingness to 
discuss the scale and scope of policy reform, during the January 2020 
event at the Parliament, both experts behaved more similarly, in sharing 
more details of their analysis and speculating jointly with the policy- 
makers about useful interventions and future trajectories of change. 

Thus, our differing approaches to policy-maker responses was 
influenced by our academic expertises and professional responsibilities, 
as well as the varied responses and professional roles of stakeholders 
themselves. To some extent these roles were foreseen, especially in later 
engagements, where we explicitly discussed beforehand the extent to 
which we would or would not present our own views on the implications 
of our analyses. However, the reactions were also very personal and 
instinctual during the moments of engagements, reflecting our person
alities and relationships with each other. 
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The interpersonal politics of team work also shaped project work in- 
between instances of stakeholder engagement. This is especially true for 
team members based in one organisation, as there were numerous in
teractions during travel, and planned and unplanned interactions in the 
workplace. Interactions with the wider project consortium occurred at 
least annually in face-to-face meetings and in online and email in
teractions. Interpretation of experiences was often discursive, mutually 
shaping our views and expectations, though not rigidly constraining the 
tactics used in later encounters. 

The lead investigator of MAGIC and other senior members of the 
consortium knew each other and had prior experience in societal 
metabolism method and its insights, though were not always experi
enced in policy processes and interactions. These prior experiences 
provided confidence in the validity of methods and the conclusions that 
could be drawn, tending to reinforce the advocacy position. Depending 
on the professional culture and hierarchies within organisations, the 
views of these senior staff influenced the plans and roles adopted by 
more junior staff and colleagues. Potentially this could have fostered 
groupthink and more consistent expert roles, but as we have shown 
during interactions with policy-makers, different MAGIC experts some
times behaved differently. Significantly, all those directly involved in 
interactions had significant experience of research and policy- 
interactions, even if they were not lead investigators, so had confi
dence in forming their own responses during interactions. Additionally, 
for the team at the James Hutton Institute, senior staff explicitly 
encouraged input and ideas from all team members across departments: 
further fostering self-confidence in ideas, and a trust that differences 
would not be penalised. 

4.4. Our reflections on positive and negative implications of these roles 

Firstly we reflect on the servicing role . When interpersonal in
teractions with policy-makers felt challenging, the easiest response for 
some of us was to respond by asking about their immediate policy needs. 
Lapsing into this role could seem the path of least resistance because it 
reflects familiar science-policy relationships explicitly and implicitly 
expected by many. Additionally, the information or insights produced 
by this way of working can neatly align within and support existing 
policy processes, rather than raising new inconvenient questions, or 
jeopardising the policy itself. A positive implication of this role is that it 
may build a relationship of trust, after which perhaps experts could 
consider interacting in other ways. However, it is unclear how long this 
would take – it was not possible to judge from the few interactions 
within MAGIC. On the negative side, until new roles can be adopted, the 
full range of insights from scientists (and policy-makers) may not be 
shared or used, and the distinction between science and policy is 
reinforced. 

Secondly, acting in the broker role also sometimes felt attractive or 
convenient. The positive implication of doing so was the potential to 
build trust, as much as or even more than in the servicing role, if the 
broker appears to be neutrally compiling multiple sources of knowledge 
and viewpoints. However, a negative implication is that individual sci
entists acting on this may focus on their facilitation role and expertise at 
the expense of their own academic expertise. For example, during in
teractions with policy-makers, one of the social scientists in our team 
realised that in their interactions they often attempted to emphasise 
their knowledge of the practical realities of European policy processes, 
whilst also downplaying their academic expertise and insights for sus
tainability arising from policy analysis. Afterwards, they felt they had 
inadvertently been disingenuous, in never mentioning this and their 
own convictions about the implications. 

Lastly, acting in the advocacy role may be positive if the passion and 
conviction of the scientist intrigues and inspires the interest of the 
policy-makers, and is laudable for making a scientist’s values and 
viewpoint transparent and explicit. However, if policy-makers feel this 
to be inappropriate, and are unwilling or unable to fully engage with 

debate on problem framings, this can have negative implications. For 
example, when one MAGIC expert presented strong normative views in a 
meeting with policy-makers – stating bluntly that certain aspects of 
policy were unsustainable and should be changed – we observed several 
policy-makers with body language shifted to suggest disquiet or unease, 
and who then asked questions that felt like attacks or made disapproving 
comments. Whilst uncomfortable interactions can be productive, pro
voking defensiveness may close down debate and not foster an extended 
peer community. 

5. Discussion 

Within the MAGIC project, scientific experts from multiple disci
plines attempted to build new relationships with EU policy-makers and 
other officials connected to the nexus of agricultural-sustainability is
sues, to generate discussion and reflection on sustainability. This process 
was, to some extent, productive and successful: new interactions 
occurred, new analyses were shared, sometimes generating wide- 
ranging discussion on sustainability and European policy. However, 
our interactions with policy-makers did not simply or easily conform 
with our aspirations for post-normal science. As per the typology of 
Turnhout (2019) our aspirations for ourselves were mostly associated 
with brokerage and some advocacy, but in practice we tended more to 
servicing and advocacy roles. 

Table 1 summarises our view about the individual and contextual 
factors that shaped our experiences and behaviours as experts inter
acting with policy-makers, explaining the roles we adopted. Often in
dividuals moved between roles over time or in different settings, 
reacting to policy-makers, each other and different contexts, some 
becoming more entrenched in their expectations and styles of interac
tion. Our experiences confirm that Turnhout’s typology is a very useful 
heuristic for thinking about how individual roles explain and interplay 
with project achievements, and emphasise that it must not be used in a 
rigid or static way. The roles of scientific experts must be seen as a 
dynamically constructed – and indeed one potentially co-constituted not 
only with each other, but also with policy-makers. 

Some of these factors interacted to make our experiences uncom
fortable, largely because an ethos of post-normal science does not easily 
align with the institutionally available repertoires and modes of inter
action typically encouraged or available to policy-makers. Post-normal 
science encourages us to discuss uncertainty, values and stakes, chal
lenging the established ‘linear model’ of knowledge production and use. 
Our attention to expert roles was an emergent issue throughout our 
research: earlier and more explicit reflection on our roles and in
teractions might have helped us to articulate and navigate the discom
fort, but not remove it. Thus, we do not think our experiences are unique 

Table 1 
Potential factors shaping scientific expert roles during interactions with policy- 
makers, based on observation and inference during our research.  

Scientific expert Personality  

Confidence in scientific methods and conclusions  
Disciplinary background  
Experience of policy interactions and/or processes  
Other experience & expertise (especially in facilitation) 

Research design and 
content 

Plans for stakeholder mapping & engagement  

Capacity to invest in stakeholder recruitment & conversations  
Extent to which research approach and outputs are 
uncomfortable/ fit with pre-existing knowledge used in policy 
institutions 

Research team Professional hierarchies /institutional ordering within scientific 
organisations  
Interactions across organisations in consortia 

Policy-maker Personality 
Familiarity with scientific processes and projects 
Professional requirements and responsibilities of role 
Timing in policy processes  
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to MAGIC, but discomfort would likely be experienced by other teams or 
in other projects reflecting the post-normal ethos. 

Post-normal science takes both scientists and policy-makers out of 
their established roles of “fact providers” and “fact receivers”. Indeed, 
such processes may be just as uncomfortable for policy-makers as for 
researchers. Large complex institutions – like the European Commission 
and other policy-making settings – do not usually accommodate radical 
transformation (Rayner, 2012). During our engagements the Commis
sion was referred to as an ‘oil tanker’ that does not easily change course; 
the comment was meant positively, for ensuring stability, but of course 
this also impedes change. Additionally, our analyses and implications 
could imply some significant critique of policies such as CAP, and so 
could feel personally destabilising for those individuals where refining 
implementation of this policy is their professional focus. Politicians – as 
we found when engaging with parliamentarians – may potentially be 
more open to discussing policy problems and alternative problem 
framings. Thus more attention is needed to the concrete sites of 
engagement, underlying political philosophies and individual stances 
(Laurent, 2017). 

PNS already encourages us to involve an extended peer community 
including science, policy and other stakeholders. This could be inter
preted as abandoning the concept of individual experts and expertise. 
However, we suggest that delineating the multiple expertises and roles 
of all individuals may help to promote reflexivity and put PNS into 
practice. This can be achieved by revisiting discussions on expertise, its 
recognition, types, development (e.g. Rip, 2003). If all knowledge and 
values are valid, then thinking through everyone’s expertise and ex
pected roles can consolidate appreciation of this and practically plan 
PNS. For example, anyone intending to promote PNS can ask: “How and 
why have we presented ourselves as experts, what does this mean for our 
future work and desire to initiate conversations and change?” All in
dividuals involved – both experts from academia and in other settings – 
can then benefit from explicitly reflecting on this throughout their work. 
Attention to these issues by those inside and outside of academia is 
essential. We next consider additional perspectives that may enrich and 
extend this work. 

5.1. Implications for practicing and developing PNS 

The scale of nexus challenges generate the need for post-normal 
science (Ravetz, 2018), yet achieving sustainability entails 
wide-ranging transformation that may conflict with existing rational
ities and interests (Stirling, 2008). Thus, initiating processes of 
post-normal science may be most challenging in exactly those situations 
where it is most required. 

Carefully considering tools and approaches that may promote 
transformative reframing may help with this challenge: for example, 
Hoolohan et al. (2018) demonstrates how nexus perspectives can be 
promoted by methods to visualise systems, in tandem with approaches 
to widen participation and inclusion of knowledges; whilst Saltelli et al. 
(2020) has compared the value analytical tools as ‘lenses’ that promote 
reflexivity on sustainability challenges. However, it is important that 
uncomfortable experiences are not seen as something that can – or even 
should – be fixed by specific tools or techniques. 

Insights from literatures on science-policy interfaces (e.g. Hoppe, 
2005) and social learning (e.g. Colloff et al., 2017; Pahl-Wostl et al., 
2013) provide insight into some aspects of these challenges, and ideas 
for building relationships across epistemological and institutional 
boundaries. A common message is that more time helps to build re
lationships between scientific experts and policy-makers that foster trust 
and deepen mutual understanding (Young et al., 2014), so allowing 
discussions to become more wide-ranging or provocative. This relates to 
the idea of moving from single- to double- or triple-loop learning in the 
social learning literature, i.e. from refining how problems are solved to 
reconsidering the problems themselves. However, we cannot assume 
that the luxury of more time will always and automatically result in 

more wide-ranging reflection and reframing; achieving this requires 
careful and sustained attention (Medema et al., 2014). 

To ensure reflection and promote reframing, explicit planning for 
this is needed from the earliest stages of a process. This should consider 
when and how to consider mix different perspectives to foster reframing, 
work with conflicts, address power and foster creativity (Colloff et al., 
2017). Power dynamics within a team, including the confidence and 
openness of senior staff, are likely to be strong influences, but are often 
not well acknowledged (Hall et al., 2018). Our team did not explicitly 
discuss how seniority, experience, discipline and even gender would 
affect our work process, but it would be productive for others to do so. 
Later, there should be regular review of experiences and progress in 
reframing. This could result in refinement of specific activities but also 
potentially redesign of the process, and reframing by the academic ex
perts themselves. Many teams already reflect informally, through chats 
and debriefings, and this could be strengthened by formalising the 
process of reflection, informed by relevant literatures. This includes 
literatures mentioned above on science-policy interfaces (Young et al., 
2014) and social learning (e.g. Colloff et al., 2017; Medema et al., 2014), 
as well as other learning traditions (e.g. van Mierlo and Beers, 2020). 
However, retaining the focus on individuals is necessary. To achieve 
this, the reflections on expert roles from Turnhout (2019) are very 
useful, including consideration of what Turnhout calls the institutional 
context or what others refer to as the imaginative resources available to 
make sense of a given situation (Smallman, 2020). Future work may also 
benefit from incorporating perspectives from team-based sciences (e.g. 
Hall et al., 2018), power (Svarstad et al., 2018) and stakeholder roles 
(Schmidt et al., 2020) as well as any empirical experiences of individuals 
attempting to build new relationships and ways of working outside of 
academia (e.g. Wye et al., 2019). 

It will be valuable to synthesise insights all these varied literatures – 
i.e. on science-policy interfaces, social learning, boundary-spanning – 
balancing attention individual, team and institutional dynamics. This 
can potentially focus around testing the validity of Table 1. We also 
suggest that interrogating interactions and tensions may be a useful 
focus for future work. These interactions include: between individuals 
adopting different expert roles; between different forms of scientific and 
non-scientific expertise; and between the different roles adopted by one 
individual over time. 

5.2. Strengthening the policy perspective 

This paper has been written solely from the perspective of scientific 
experts, but policy-makers will have their own perspectives, reflecting 
their expectations and own expertises. We note the boundaries between 
scientist and policy-maker can blur, especially when staff are employed 
in specialist analyst roles within policy institutions, or within agencies 
such as the European Environment Agency. For example, some of the 
Commission staff that we engaged with had prior careers in which they 
were at the cutting edge of developing techniques ranging from econo
metric analyses or climate models. This said, the particular re
sponsibilities and roles of those in policy-making institutions make the 
distinction useful (Posner and Cvitanovic, 2019). 

Future learning would greatly benefit from reports of policy-maker 
experiences and expectations – whether of interacting with this or 
other scientific projects. This would allow better understanding of the 
institutional context which conditions and constrains their interactions 
and activities. However, a pervasive problem when theorising and 
attempting to improve science-policy relationships is a lack of policy-led 
empirical accounts of policy processes, actors and institutions. Academic 
scientists can and should do more (Clark et al., 2016), but change cannot 
be achieved solely by scientists (Wittmayer et al., 2020). 

The need for more access into policy is a fundamental challenge 
which relates to policy institutions’ appetite and ability to countenance 
change. Achieving sustainability transitions is widely recognised to 
depend on reform of policy systems as well as knowledge systems 
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(Oliver et al., 2021). Specifically, governance systems and actors need to 
not only to voice support for concepts such as the nexus; but also go 
beyond this to embed reflexivity, widen perspectives employed, and 
‘open up’ to new knowledges and new science-policy relationships 
(Urbinatti et al., 2020). 

Full appreciation of the complexity of sustainability challenges ul
timately entails accepting uncertainty and limits to control, lowering 
expectations about how likely any problem can be ‘solved’ by new 
knowledges – which is not easy (Strand, 2002). As a result, approaches 
such as PNS, that promote reframing and raise these issues will tend to 
be resisted. However, policy-makers and institutions vary in their views. 
For those within or outside policy institutions who are contemplating 
the need for change, it will be useful to consult some of the same liter
atures recommended for supporting reflection and guide action by re
searchers. These include how to frame and promote individual and 
institutional learning and reflection, including social learning (Pahl-
Wostl et al., 2013), also on deliberative policy evaluation (Fischer, 
2007). The individual perspective can be balanced by insights on navi
gating systemic change; including institutional and organisational 
studies (Beunen and Patterson, 2019), transitions (Patterson, 2021), 
transformations (Muiderman et al., 2022) and levers and leverage points 
(Dorninger et al., 2020). In short, identifying how to re-organise 
governance systems and science-policy relations for sustainability 
transformations is a vital challenge that requires attention to both in
dividuals and institutions within both academia and policy settings. 

6. Conclusion 

This study reports experiences of trying to implement post-normal 
science within part of the ‘MAGIC’ project. We demonstrate that it is 
not easy to initiate new science-policy relationships that may potentially 
entail reframing policy for sustainability. Attempting to discuss ‘un
comfortable knowledge’ (Rayner, 2012) can result in an uncomfortable 
process. This has not been widely acknowledged. We thus contribute 
and call for more discourse reflecting on the role of science and scientists 
in transdisciplinary settings. In particular, we highlight a need for more 
attention to the potentially plural roles of experts. Turnhout’s (2019) 
typology of experts is a useful starting point for understanding how in
dividuals act and interact to shape the scientific processes, but more 
work is needed to understand the contingent nature of practices that 
co-produce knowledge, shape its use and indeed shape experts within 
and beyond academia. Future attention to individuals in both science 
and policy settings will strengthen post-normal science, and indeed all 
transdisciplinary science for sustainability. 
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