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DEMOCRATIZATION OF SCIENCE AND TECHNOLOGY
New and emerging technologies have come to play an ever-increasing role in our daily
lives as well as in the futures that we envision building. Although scientific advancements
and technological innovations are often hailed as the solutions to the grand challenges
of our time, they simultaneously prove to be a source of new problems and concerns.
Controversies over nuclear energy, genetically modified organisms, and algorithms more
recently exemplify how research and innovation (R&I) activities may generate impacts that
misalign with societal needs and values. It has strengthened the realization that innovation
is not inherently good but that we need to think carefully about the directions of R&I, the
societal embedment of its products, and their potential impact on the environment and
social life. This requires a new approach to governing science and technology, one that
does not only see the relevance of scientific and technological perspectives, but also that
of societal ones.
The last few decades have seen a series of intellectual and practical efforts being made
to “open up” science and technology to a broader range of actors and perspectives,
encouraging a move from technocratic to more democratic styles of governing. Citizens
and stakeholders have increasingly been welcomed to engage in dialogue and deliberation
over R&I for reasons that are instrumental (increased acceptance of science and its
technological products), normative (right thing to do) or substantive (better and more
societally robust outcomes and products).

RESPONSIBLE RESEARCH AND INNOVATION (RRI)
In the last 10 years, Responsible Research and Innovation (RRI) has gained momentum as
a governance framework that embraces the democratization trend and actively attempts
to reconfigure the relation between science, technology and society. RRI is promoted
by the European Commission and captures the ambition to create R&I processes that
are inclusive of societal perspectives, attend to social, ethical, and ecological impacts
of knowledge and technologies in the making, and can flexibly adjust their course of
direction when needed.
The implementation of the RRI framework and its democratic ideals is, however, not
an easy and straightforward process. Actors and institutions need to translate broad
theoretical notions into a (re)negotiation of roles and responsibilities in the specificity of
actual practices. Various scholars have claimed that there is a current lack of empirically
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informed knowledge about the practical and context-specific challenges that may
constrain the implementation of democratic ideals and the framework of RRI.

AIM OF THIS THESIS
In order to ensure that the RRI framework has value in practice, explicit analytical attention
needs to be given to the challenges and questions that arise when shaping and negotiating
RRI in the “muddy” context of real-world settings. The aim of this thesis is therefore
to gain insight into the practical requirements for and implications of reconfiguring the
relation between science, technology, and society in an RRI way.

OVERALL RESEARCH DESIGN
The central research question of this thesis is as follows:
■

What are the practical requirements for and implications of reconfiguring the
relationship between science, technology, and society in an RRI way?

To explore this question, an action-oriented and emergent research design was employed
that was based on four central tenets: (1) attention being given to problems and
questions as they emerge in complex and messy practice, (2) a focus on learning from
contextual experience and experimentation in practice, including collaborative work
with practitioners and communities that constitute the field of study, (3) the use of an
emergent research design to flexibly adapt research questions to observations, exchanges,
and experiences in the field as they arise through our unfolding actions; and (4) viewing
reflexivity as a continuous activity for the researcher in action. This approach allowed
for deep engagement with practice and harbored sufficient levels of sensitivity and
flexibility to successfully attend to problems and questions around RRI as they manifested
themselves in their real-world settings. This also implies that questions and studies were
not determined in advance but evolved throughout reflective and action-oriented work in
an RRI context over a five-year time span. Methods and data collection strategies varied
among studies. Each of the studies is co-authored and gained shape in collaboration with
a team of fellow SSH researchers.
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RESEARCH QUESTIONS AND STUDY RESULTS
SETTING THE STAGE
The first research question that was formulated in relation to the overall thesis was:
RQ1: What is it about emerging technologies that makes a reconfiguration of the
science-innovation-society relationship warranted?
The study presented in chapter 4—a literature review with systematic search—
attends to this question by illustrating the complexities of sociotechnical issues around
an emerging technology: transcranial electrical stimulation (tES). Our findings illustrate
how an emerging technology such as tES is surrounded by both factual uncertainties (i.e.,
lack of knowledge about short- and long-term impacts) and moral diversity (i.e., diversity
regarding what would constitute a desirable or acceptable impact). The interaction
between these two factors introduces challenges for conventional, top-down, and reactive
policy approaches in science and technological innovation. The study points out how the
presence of moral diversity, against the backdrop of substantial uncertainty, may prove
to be an important imperative for reconfigurations of the role that perspectives and
knowledge of societal actors play in governing technological trajectories. We introduced
the framework of RRI as a possible way forward and detailed what RRI’s process
dimensions of inclusion, anticipation, reflexivity and responsiveness may entail in the
context of governing the development of tES technology.

GETTING TO ACTION
The subsequent studies presented in this thesis took place in the context of an actionoriented RRI project (i.e. NANO2ALL), focused on the emerging field of nanotechnology.
Within this project, my colleagues and I were responsible for the development, execution,
and monitoring of a three-phase dialogue approach. This approach consisted of the
consecutive organization of (1) six citizen dialogues and (2) six multi-stakeholder
dialogues, which were both organized in the countries France, Italy, Israel, Poland,
Spain, and Sweden, and hosted by local teams of science communication professionals.
Subsequently, (3) a multi-stakeholder dialogue was organized at European level in
Brussels. Each set of dialogues was characterized by its own specific aim, scope, and set
of dialogue methods.
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In the reconfiguration of the science-society relationship, a new role is attributed to
citizens in discussing and steering R&I developments. Instead of seeing citizens as ignorant
and in need of education to eliminate irrational fears about new technologies, they are
increasingly appreciated as actors with their own societal expertise who can enrich
R&I processes. Consequently, the number of citizen engagement activities in R&I has
substantially grown in the past two decades. However, shaping such process has proven
challenging for various reasons. One prominent question scholars and practitioners
grapple with is how citizens can be supported in anticipation and sense making around
technologies in premature stages of development? How to engage citizens in contexts of
uncertainty and unfamiliarity without pushing perspectives of technological experts? Many
citizen engagement activities still have the tendency to reproduce traditional technocratic
approaches to discussing science and technology and their impacts. For instance, they
centralize expert-driven framings that focus excessively on dichotomous promises versus
risks discourse, neglect the value of modes of expression that are not “cognitive” or are
based on “abstract reasoning,” and still often see engagement activities as an opportunity
to “harvest” pre-existing opinions of “the public” instead of dynamic opinion-forming
and sense-making activities. Such persistent routines in citizen engagement obstruct the
actual reconfiguration of the science-society relationship, and fuelled the second research
question of this thesis:
RQ2: How can we shape citizen engagement activities in such a way that we escape
problematic persistent routines?
The study in chapter 5 presents an experiment with an innovative engagement format
to break out of these routines: situated speculative prototyping. We employed this format
in the NANO2ALL citizen dialogues to support citizens in contextualizing and discussing
developments regarding nanotechnology. The format invited participants to imagine
and critically reflect on technological futures through collaborative prototyping and
story-writing. We conducted qualitative analysis of the dialogue sessions by studying
the dialogue transcripts, materials produced by participants, participant evaluation
questionnaires and transcripts of debriefing conversations with the facilitators of the
dialogues. In our analysis, we reconstructed five contextualization patterns in which
participants engaged during the format’s exercises and used these to assess the value
of the format in the current engagement landscape. Our findings suggest that situated
speculative prototyping has potential in the realm of informal public engagement
initiatives, taking an explorative approach, but we also warn of “the designer fallacy” as
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a prominent pitfall of prototyping that could reproduce techno-scientific framings and
obstruct critical reflection on technological directions and implications if not treated with
caution.
The third research question of this thesis arose from our experiences around the
NANO2ALL multi-stakeholder dialogue that we organized and hosted in Brussels. It focused
on one of RRI’s process dimensions: responsiveness. We discussed with a broad range of
stakeholders what it would take to make nanotechnology R&I more responsive to societal
perspectives and worked toward the formulation of a collective set of recommendations
to enhance “responsiveness” in nanotechnology R&I. We noted that the interpretation
of the responsiveness concept varied greatly among actors—with some interpretations
aligning more clearly with the call for a reconfigured science-society relationship than
others. It led us to formulating the following research question:
RQ3: How is the meaning of responsiveness interpreted and negotiated in the
context of a multi-stakeholder dialogue?
The study in chapter 6 presents qualitative (discourse) analysis of our dialogue event,
in which we studied dialogue transcripts, dialogue observations, and materials produced
by participants. Our analysis of the dialogue conversations and dynamics yielded two
relevant findings. First, it shows that the term responsiveness is interpreted in a variety
of ways, with several of those interpretations lacking resonance with RRI’s democratic
underpinnings and the call for a new science-society relationship. Responsiveness was, for
instance, interpreted as merely an internal concern for scientists and engineers who need
to harmonize their methods and research quality standards to deliver good science, or it
was framed as a market mechanism in which tech companies are inherently responsive
to societal perspectives (i.e., to consumer behavior). Overall, we reconstructed five
frames of responsiveness: science- and technology-driven, market-driven, expert-driven,
network-driven, and society-driven responsiveness. Second, our analysis highlighted three
main strategies in which participants of the dialogue dealt with differences in frames:
avoidance, polarization, and reframing, resulting in a dialogue outcome that lacked a
clear sense of direction. On the basis of our findings, we argued that more multi-actor
collaborative sense-making around RRI is needed. However, if we want such activities to
move beyond superficial alignment that harbors no real direction for change, we should
ensure that they more explicitly address the differences in actors’ underlying assumptions
about and views on the science-society relationship.
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RRI’s reconfiguration of the science-society relationship warrants a new type of interaction
between science and society. Instead of merely “channeling” knowledge and technological
products “into” society, R&I actors and societal actors are encouraged to engage in
collaboration, dialogue, deliberation, or co-productive processes. This has implications
for the roles that actors working at the science-society interfaces can or should inhabit. In
the final two studies of this thesis, we explored the changing roles of two of those actors:
science communication professionals and SSH scholars who aim to put democratic ideals
to the test. The fourth research question of this thesis was formulated as follows:
RQ4: How do systemic and contextual factors influence science communication
professionals’ ability to take on new roles at the science-society interface?
The study presented in chapter 7 used multiple qualitative research approaches to
investigate this question in relation to one specific role: the participation broker. We
employed our collaboration with the six teams of science communication professionals
(referred to as “intermediaries” in this chapter) in the NANO2ALL project as our empirical
context. We also reflected on the extent to which this project was able to build capacity
for this role amongst science communication professionals. Our analysis illustrates how
cultural and structural factors in the intermediary organization (i.e., role perceptions,
business models, forms of delivery, skills and expertise) and in the broader systemic
environment in which each intermediary operates (i.e., productive networks, expectations
of publics and external actors, deeply–rooted conceptions of the science-society relationship)
influence the way that these actors adopt the role of participation broker and to what extent
they can embed it more firmly in their organizational practice. We further demonstrate
how structuring factors in the project context (i.e. hierarchically structured learning
process and project-based nature), mainly facilitated short-term uptake of the brokerage
role, but provided less guidance for organizations regarding more sustainably including
this role in their own practice. We argued that if actors are to develop the brokerage role
sustainably in their practice, learning processes should (1) encourage collective reflection
on public engagement ideals and the politics of the engagement mechanisms that they
experiment with, and (2) explicitly attend to the organizational and systemic context in
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which actors try to develop this role.
The fifth research question of this thesis arose from role dilemmas and struggles that we
had encountered ourselves as SSH scholars within the action-oriented RRI project that
we were part of. As active (re)shapers of science, technology, and society interactions, we
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felt that critical reflection on our position in the project and broader RRI landscape was
needed—not least because there are many SSH scholars out there who take on similar
positions and roles in the field. For this reason, we formulated the following research
question:
RQ5: What challenges do SSH scholars encounter when taking on action-oriented
roles in a field that revolves around reshaping the interactions between science,
technology, and society?
In the study presented in chapter 8, we employed literature from the fields of (1)
public engagement, (2) Technology Assessment, and (3) transdisciplinary and processoriented sustainability science to construct a general role landscape for scholars working
in a normative intervention context. Within this framework, we positioned five distinct
roles that we—as SSH scholars—inhabited throughout the project (i.e. engaged academic,
deliberative practitioner, change agent, dialogue capacity builder, and project worker).
In a reflexive analysis, we unraveled the synergistic potential of combining these five roles,
but also showed how inherent and contextual tension between roles produces dilemmas
and trade-offs in practice. We argued that role integration indeed carries certain risks for
SSH scholars, among which is, prominently, falling prey to larger power games that merely
reproduce the system dynamics that we—as action-oriented SSH scholars—say we want
to see changed. Yet, we also note that the continuing professionalization of the public
engagement field has sparked calls for more reflexive learning in practice, something that
SSH scholars with an integrated role profile may be able to stimulate in policy and practice
contexts. Continued discussion about the if, when, how, and why of SSH scholars adopting
multiple roles in public engagement will be needed. We conclude that balancing many
roles requires explicit role awareness, reflexivity and new competencies that have not
been examined extensively in the public engagement literature so far.

CONCLUSIONS, DISCUSSION AND FUTURE DIRECTIONS
When considering the practical requirements and implications of reshaping the sciencesociety relationship, the studies of this thesis have particularly presented lessons related
to the challenges in shaping citizen engagement, multi-actor sense-making of RRI in
relation to R&I practice, and the uptake of new roles by actors working at the sciencesociety interface. The studies showed that:
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■

Despite decades of experiments with citizen engagement, sustained attention is
needed for the methodologies that are used in these processes and their reproduction
of problematic routines. Creative approaches, such as situated speculative
prototyping, offer ways to escape certain routines, but may not be appropriate in all
contexts or for all purposes, thus strengthening the existing notion that it is not idealtype engagement processes that we should be striving for, but the cumulative effect
of a broad diversity of engagement opportunities.

■

More collaborative sense-making around the meaning of RRI is needed among
a broad range of actors (in science, society, policy, industry, etcetera). Findings of
this thesis demonstrated how the broadness of RRI’s conceptualization allows
for interpretations of the framework that lack resonance with its democratic
underpinnings and the call for a new science-society relationship. To prevent that
key differences in interpretation are easily brushed over in sense-making exchanges,
more explicit attention should be paid to underlying assumptions about desired
science-society relationships.

■

RRI has stimulated actors operating at the science-society interface (such as science
communication professionals and SSH scholars) to take on new roles. Our studies
demonstrated that the uptake of such roles does not come without its challenges
due to structuring factors in the current system (both cultural and material) and
conflicting logics between different roles that are inhabited simultaneously.

It is important to stress that the studies of this thesis have focused on rather small-scale
dialogue events and the (role) dynamics within only one specific RRI project. Further
empirical investigation on how our findings relate to other RRI (project) contexts would
therefore certainly be of value.
Building from our studies conducted in the “muddy” reality of shaping RRI in practice, this
thesis suggests a few considerations for future directions in research and practice. First,
more explicit discussion should take place on RRI’s democratic ideals and the cultural
change these ideals advocate. The ambiguous terminology of RRI and its concepts, such as
“responsiveness,” seem to mask its underlying political ideal and offer actors an easy way
to avoid discussing the elephant in the room: that RRI challenges the norms and values
that currently underpin understandings of “good science,” that is, being autonomous,
expert driven, and value-free. If a true culture change is to happen, then it does warrant
explicit addressing of the cultural values that are being challenged.
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Second, although more explicit articulation of RRI’s democratic ideals is called for, this
does not imply that these ideals should be pushed uncritically onto R&I actors. Instead,
this thesis pleas for a more open confrontation between views on the science-society
relationship and the values that should underpin our R&I system. Reasoning from
Mouffe’s (1999) notion of “agonistic pluralism”, such an open confrontation may not result
in an aligned answer that paves the way for a smooth transition to a new R&I culture, but
should instead spark an ongoing contestation that at least makes visible that multiple
ways of looking at the science-society relationship exist. In this process, R&I actors with
a more traditional view of science and technology and their relation to society may come
to learn new things, such as the way in which R&I harbors political dimensions. Similarly,
RRI and public engagement scholars may come to learn something about the practical,
institutional, and cultural constraints regarding the implementation of their democratic
ideals.
Thirdly and lastly, this thesis sides with scholars who stress that a fixation on the perfect
implementation of RRI and democratic processes may be counterproductive. Generating
a shift in R&I cultures does not happen overnight. Current notions of the relation between
science, technology, and society are not only deeply embedded in our societal and R&I
culture, but also in their (material) structures. As some of our findings illustrated, these
are also the structures that determine the kind of transformational work that can be
done. Working towards a “more practical RRI”—as some have called it—may therefore
be a first important step in a complicated process that requires negotiation, nurturing
and time. Similarly, we may cherish a public engagement landscape that is characterized
by broad diversity of approaches and framings (each with their own advantages and
flaws), allowing different form of knowledge to be expressed. Within this eclectic public
engagement landscape, I see a multitude of tasks for SSH scholars that range from studying
the collective effect of engagement opportunities on R&I (policy) and making visible
and questioning the power dynamics within this landscape to contributing to capacity
building, reflexive learning, and the development of imperfect yet potentially enriching
engagement approaches.
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