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Abstract

This paper makes a plea for more reflexive attempts to develop and anchor the
emerging concept of Responsible Research and Innovation (RRI). RRI has recently
emerged as a buzzword in science policy, becoming a focus of concerted
experimentation in many academic circles. Its performative capacity means that it is
able to mobilise resources and spaces despite no common understanding of what it is or
should be ‘made of’. In order to support reflection and practice amongst those who are
interested in and using the concept, this paper unpacks understandings of RRI across a
multi-disciplinary body of peer-reviewed literature. Our analysis focuses on three key
dimensions of RRI (motivations, theoretical conceptualisations and translations into
practice) that remain particularly opaque. A total of 48 publications were selected
through a systematic literature search and their content was qualitatively analysed.
Across the literature, RRI is portrayed as a concept that embeds numerous features of
existing approaches to govern and assess emerging technologies. Our analysis suggests
that its greatest potential may be in its ability to unify and provide political momentum
to a wide range of long-articulated ethical and policy issues. At the same time, RRI’s
dynamism and resulting complexity may represent its greatest challenge. Further
clarification on what RRI has to offer in practice — beyond what has been offered to date
— is still needed, as well as more explicit engagement with research and institutional
cultures of responsibility. Such work may help to realise the high political expectations
that are attached to nascent RRI.

Keywords: Responsible research and innovation, emerging science and technologies, scientific
cultures, responsibility



1. Introduction

The term ‘Responsible Research and Innovation’ (RRI) is increasingly used in academic
circles, research policy and funding agendas. Despite its rising prominence and vogue,
the meaning and application of RRI — as concept, approach or overarching policy — is
often loosely articulated. Currently, the term might be best characterised as a
‘buzzword’ (Bensaude-Vincent 2014). It may conceal diverse interests and values, can
be framed and developed in various ways by different actors, and can serve sometimes
competing purposes of different groups. Different uses of the term “RRI” are therefore
intentionally or implicitly performative. They are, for example, used to mobilise
resources, conceptual and institutional space, and as we show embed particular
rationales and assumptions to be taken forward.

When coupled to the intense work currently occurring in academic spheres
around RRI, and increasing requirements for researchers to embed RRI within research
practice, the performative, open and opaque nature of RRI demands careful thought.
Prominent discipline-builders have acknowledged this and identified a number of
salient and deep-rooted ambiguities that remain amongst scholars, practitioners, and in
political discourse. For example, Owen et al. (2012), while introducing one UK-centred
framework for responsible innovation, categorised remaining ambiguities into (i)
motivations, (ii) theoretical conceptualisations and (iii) translation into practice.

Whilst work has begun to examine the development of RRI in policy arenas (e.g.
de Saille 2015a; Wickson and Forsberg 2014), and ‘social responsibility’ more
generally (e.g. Glerup and Horst 2014), much less attention has focused on published
peer-reviewed literature, also referred to as academic perspectives. This paper therefore
interrogates different academic understandings of the concept by systematically
analysing articulations of RRI with the aim of shedding light on some of its key
elements. To do so, we reinterpret and mobilise Owen et al.’s (2012) categories to
analyse a diverse body of literature that is related to or that seeks to inform RRI. As
such, the main objective of this work is to draw to the surface important subterranean
dimensions of RRI as set out in the peer-reviewed literature, examining claims
regarding what is it for and what, if anything, it assimilates or replaces. In doing so, we
not only hope to explicitly tie RRI to previous theoretical and practical perspectives by
examining published accounts, but also support more reflexive engagement amongst
natural scientists, social scientists and engineers.

To do so this paper is structured as follows. After briefly discussing the
emergence of RRI, we outline our methodological approach, and present the results of



our qualitative analysis focusing on four analytical dimensions. When presenting the
results, we first map different definitions of RRI identified in our review. Our attention
then turns to interrogate the published objectives of RRI authors before examining the
way in which these are sited within a theoretical landscape. Third, we consider the ways
that different authors propose translations into practice or report on existing experiments
with the concept. Finally, informed by the analysis, we discuss the imagined roles of
RRI as a concept that is understood in varying ways and present some concluding
remarks with an eye to consider its future practical and institutional dimensions.

1.1 RRI in context

Discussions of responsibilities in science and technology development have been
pervasive since the late 1940s through developments in research ethics (Resnik 1998),
as relating to environmental governance (Pellizzoni 2004), and through broader
philosophical and sociological analysis of the concept of responsibility (Jonas 1985;
Glerup and Horst 2014). Central to many of these discussions is the refutation of both
scientific practice (Briggle 2012) and technology development (Winner 1986, pp.19-39)
as value free. Instead, contemporary understandings tend to view social change as
resulting from multifaceted but ultimately inseparable shades of co-production between
emergent ‘ways of knowing’ and the multiple (sociotechnical) futures that they serve to
create (Jasanoff 2004). Thus as new knowledge, predominantly titled as ‘science’ (and
its artefactual compatriot, ‘technology’), provides a lens through which we understand
the world, it also embeds and enacts manifest value-laden and politically-significant
judgements about what that world should and will look like (Latour 2002; Winner 1986,
pp-3-18).

It is increasingly recognised that there are multiple and overlapping ways in
which ‘science’ and scientific actors could proceed in socially responsible ways, for
example: by ascribing to rigorous levels of research conduct; by providing solutions to
societal problems and delivering (socially) useful outcomes; by reflecting on their
motivations and methods; or by opening up knowledge production, through oversight
and assessment, to a broad range of societal actors (Glerup and Horst 2014:35). Similar
approaches have been applied to the responsible development and deployment of
(potentially controversial) emerging technologies. Boucher (2015), for example,
emphasises that new technologies should be made acceptable to citizens, ideally by
embedding societal expectations and visions - for instance around acceptable and
unacceptable use - in their development. To this end, some have suggested that notions



of responsibility as applied to techno-scientific developments have broadened in recent
years (e.g. Briggle 2012), embodied in the development of support mechanisms to
facilitate greater societal scrutiny, ethical reflection and appraisal (Forsberg et al. 2015).

Some of these concerns with responsibility have been visible for a number of
decades in medicine and the biosciences through the embedding of research ethics
oversight and ethical review processes. However, recently — and across science and
engineering more broadly — they are currently visible when embodied as RRI, which
has risen to prominence in the last four years as part of European research policy (Owen
et al. 2012; de Saille 2015b). Here, one early and prominent association was between
RRI and nanoscience, as part of a European Commission (EC 2009) call for the
Responsible Development of Nanotechnologies (Rip 2014). Subsequent workshops and
reports (e.g. Sutcliffe 2011; EC 2013) then began to define and broaden the European
‘responsible innovation’ agenda. Today, RRI is better known as a concept that transects
technoscientific disciplines as a centrepiece of the EC’s Horizon 2020 research
programme, an €80bn research and innovation funding commitment. The Commission
originally recognised six key areas for the application of RRI (EC 2012): public
engagement; gender equality; science education; open access; ethics; and, governance.
Two additional areas of relevance to RRI, which have been highlighted recently, are
sustainability and social justice (EC 2015). These ‘thematic’ areas have been used to
guide the formulation of indicators for RRI (see EC 2015 for a detailed presentation of
this work).

RRI can therefore be regarded as a relatively recent political project, although
similar terminology and goals are visible in earlier ‘ethical, legal and social aspects’
(ELSA) policy agendas and academic projects (e.g. see Rodriguez et al. 2013). One
possible interpretation of RRI, then, is as the latest manifestation in a long line of
policy-oriented debates concerned with providing space to consider and debate the
interactions between the oft-separated worlds of ‘science’ and ‘society’; to ask
questions about who shapes research agendas, to what ends research should be done and
how best new knowledge and novel technologies might be governed (see Irwin, 2008
for a review). In brief, such debates stress that the generation and uptake of scientific
evidence into decision-making are dependent on and shaped by political, social and
normative choices values, and emphasise the importance of ‘opening up’ assessment
processes to a diversity of actors, preferably in early stages of technological
development (see Stirling 2008; Guston and Sarewitz 2002; Schot and Rip 1996;
Wilsdon et al. 2005). Alongside such desires for democratic participation, growing



interests exist around: anticipating the consequences of emerging technologies;
increasing reflection on their social and ethical dimensions; as well as expressing
concern with the narratives, interests and values of different actors operating within
given sociotechnical networks (Resnik 1998; Stirling 2012). As we will discuss below,
such concerns are thoroughly embedded in the academic discourse around RRI. Taken
together they reflect an existing yet growing plea for a much more explicit
acknowledgement of the inherently value-laden nature of science and technology.

RRI therefore chimes well with prominent objectives of (especially European)
public engagement agendas (Horst 2014; Irwin 2014), ‘socio-technical integration’
(Calvert and Martin 2009; Schuurbiers 2011), notions of research ethics and integrity
(Bird 2006), and emerging forms of assessment (Reiss and Millar 2015; Tran and Daim
2008). Yet despite harmonic interfaces, such processes — as varyingly institutionalised —
have often prompted as much critique as praise. Public engagement, for example, has
been charged with only superficially supporting a dialogue between science, politics
and publics (Stilgoe et al. 2014), of predominantly operating in pre-defined and
‘cleansed’ spaces (de Saille 2015b), and of recasting a public knowledge deficit in terms
of trust (Wynne 2006) and fundamentally failing to turn critical attention towards
‘science’ (Wynne 2007a). Integration and assessment often fare little better, with claims
that they respectively struggle to challenge pre-existing divisions of disciplinary labour
(Fitzgerald and Callard 2014), or tend to reduce the complex social interactions between
people and technologies down to a series of socio-economic indicators (Raman et al.
2015). And whilst widespread institutionalisation of research ethics and embedded
concepts (e.g. harm, consent) is visible, there is a risk that they act more as unreflective
‘dogmas’ than opportunities for self-examination (Rhodes 2005). So, if RRI chimes
with many of these approaches and (as explored below) in some forms aims to
incorporate their methods, might it be possible to avoid current difficulties? Might the
concept be able to, for instance, challenge rather than reify pre-determined
technological agendas (Stilgoe et al. 2014)?

2. Method

Considering the above, the specific questions that guided this work are as follows:

a) What do authors claim as the main objectives of RRI?
b) Which links to theories have been established or are informing RRI?



c) What methods and tools are authors proposing to operationalise RRI?

To address these questions we use systematic review and content analysis methods
(Bryman 2012; Higgins and Green 2011) to select and analyse a body of literature
comprising of 48 scientific publications that relate to the topic of RRI.

2.1 Literature search

We conducted a literature search on the Web of Knowledge to retrieve articles dealing
with the concept of RRIL." The search terms “responsible innovation” OR “responsible
research and innovation” OR “RRI” (for title and topic) and “responsible innovation”
OR “responsible research and innovation” (for topic only) were used. After screening
for relevance and cross-checking for duplicates, a final sample of 48 studies was read in
full and analysed. It is important to note that our search terms were specifically targeted
to capture conceptions of RRI rather than the broader notion of ‘responsibility’, which
results in this discrete pool of papers. However, this tight range facilitates precision in
our intervention by explicitly targeting academic conceptions of RRI, which have not
yet been systematically profiled and analysed. Although being selective, by focusing on
articles’ ‘title” and ‘topic’, we aimed at capturing those publications that are deliberately
and explicitly linking themselves to discussions around RRI.

2.2 Analytic process

The content of selected studies was analysed qualitatively with the support of NVivo
software in two stages by two coders (Ribeiro and Smith). These researchers co-created,
discussed and agreed on the definition of categories throughout the process of content
analysis. A first-level analysis was guided by the three categories found in Owen et al.
(2012), specifically in terms of a) the motivations of RRI proponents or supporters, b)
the theoretical conceptualisations used to ground work on RRI and c) the potential
translation of RRI into practice (Owen et al. 2012, pp. 754). It is worth noting that only
‘motivations’ is concretely defined by Owen et al. (2012), despite all three categories
being labelled as ambiguous. Nevertheless, in their generic form ‘theoretical
conceptualisations’ and ‘translation into practice’ provide valuable frames of reference
because they can be readily adapted and applied to many forms of inquiry. Therefore,
these categories act as valuable points of departure because of their origins in a
significant body of empirical work from prominent RRI proponents, i.e. Owen et al.
(2012), rather than from their specific analytical maturity and/or nuance. Thus, they



allow us to speak directly to those interested in using or further developing RRI. In what
follows, we clarify our definitions of the categories that informed the first part of the
analysis. Our aim was to specify categories that would be broad enough to facilitate the
analysis, but at the same time relevant and adequate to our purposes and the scope of the
study.

For the definition of the dimension motivations, Owen et al. (2012, pp.757)
distinguishes between instrumental, substantive and normative motivations for the
development and implementation of RRI. These respectively correspond to, a will to
deliver pre-committed policy objectives, the desire to embed knowledge and values of
different publics in policy choices or reflect the view that RRI is right for reasons of
democracy, equity and justice. Drawing on this and considering the limitations of the
content analysis, we have applied motivations as the broad goals or rationales
considered or adopted by authors to support responsibility in research and innovation or,
more specifically, the goals of RRI. Theoretical conceptualisations was understood as
the various links established between RRI and theory, often used to ground RRI or
frame it in the light of earlier and contemporary work on the governance of science and
technology. The range of practical approaches, methods and tools suggested by authors
as being of value for the ‘implementation’ and to achieve the goals of RRI, were
identified under the category translation into practice.

A second-level analysis involved an inductive category development (see Hsieh
and Shannon 2005) in which new categories were drawn out from the results of the first
stage. These emergent categories from the second-level analysis form the basis of
section 4, which is structured around each of the three initial categories. They represent
the various themes identified within motivations and links to theory and practice (see
table 1 for an overview of the categories). Our method follows similar landscape-
scanning approaches (e.g. Hedgecoe 2010; Kerr 2000); rather than trying to quantify,
for example the number of times a particular term is used, the approach allows us, in a
relatively short space of time, to understand the different ways that the RRI concept is
being invoked by a core body of interlocutors.



Table 1. Categories that emerged from the second-level analysis

Motivations (objectives of

RRI) Theoretical conceptualisations Translations into practice

*  To develop better or novel *  Emerging specialised ‘RRI ¢ ‘Integrated’ approaches
practice literature’ ¢ Evaluation or assessment

* To deliver societal benefits ~ *  Ethical traditions ¢ Policy and governance

* To grasp the impacts of *  Science and technology structures and mechanisms
technologies studies

¢ To promote public *  Technology assessment
acceptance *  Management, organisation and

*  Public policy as a driver governance studies

*  Public engagement and
science communication

* Risk assessment

¢  Sustainability studies

3. An overview of definitions
Here, we overview evoked RRI definitions from authors in our literature sample. These
are complemented by a number of cross-cutting themes from the broader literature, such
as anticipation and dialogue (cf. Guston 2013; Wilsdon, Wynne and Stilgoe 2005).
Whilst not a summary of our analysis, there is much here that resonates with section 4.
This section is therefore intended as a useful precursor to the more detailed discussion
that is to follow.

The most popular definition quoted for RRI (e.g. Douglas and Stemerding 2013;
Owen et al. 2012; Stahl et al. 2014; Stilgoe et al. 2013) is that offered by the EC officer
Rene von Schomberg (2011, 2013). He suggests that RRI is a transparent and
interactive process that spans and acknowledges mutual responsibility across different
actors. Within this definition, RRI aims to address the ethical acceptability,
sustainability and societal desirability of research and innovation with a focus on how to
achieve important positive impacts (the ‘right impacts’, in his words; von Schomberg
2011, pp.2). Reiterating the focus on impacts, Stahl et al. (2014) view RRI as a concept



that captures ‘all aspects of the discourse concerning the question of what can be done
in order to ensure that science, research, technology and innovation have positive,
socially acceptable and desirable outcomes’ (Stahl et al. 2014, pp.76). The work of Jack
Stilgoe, Richard Owen and Phil Macnagthen converses with von Schomberg’s
articulation, but emphasises a notion of shared responsibility amongst actors. This
notion was originally introduced in the work of Owen et al. (2012) where RRI is said to
evoke ‘a collective duty of care, first to rethink what we want from innovation and then
how we can make its pathways responsive in the face of uncertainty’ (Owen et al. 2012,
pp.757). 1t is picked up by Mejlgaard and Bloch (2012) and elaborated by Stilgoe et al.
(2013), who ultimately encapsulate RRI as the process of ‘taking care of the future
through collective stewardship of science and innovation in the present’ (Stilgoe et al.
2013, 1570).

Others choose to supplement these definitions with a focus on appraisal
processes: Pidgeon et al. (2013) build on earlier work by Rip, Misa and Schot (1995),
Guston and Sarewitz (2002) and Owen and Goldberg (2010) to state that ‘responsible
innovation aims to embed an explicit evaluation of the wider worth, impacts,
unanticipated risks and ethical implications, into research and development process for
a new technology’ (Pidgeon et al. 2013, pp.451). Although not offering specific
definitions of the concept, earlier understandings of responsibility in innovation saw it
as a means by which alternative, more sustainable forms of practice could be enabled.
Here, examples relate to the agricultural sector (see Stinner et al. 1992) and the
evaluation of emerging technologies in the medical sector (see Jenkins 1995).

More recently, RRI has been framed in relation to notions of anticipation and
dialogue, but the way in which this is done varies. As discussed later, these aspects
resonate with the theoretical and methodological backgrounds that inform and support
understandings of RRI. Dominant approaches associated with RRI definitions include
anticipatory governance; early-stage appraisals of potential impacts and ethical issues
related to emerging technologies; and the enrolment of different actors into the process
such as scientists from different disciplines, members of the public and other
stakeholders. Owen, Baxter, Maynard and Depledge (2009), for example, stress the
importance of moving governance processes ‘upstream’. Similar forward-looking
approaches are also defended by Schaper-Rinkel (2013) and Zwart (2013). Robinson
(2009) focuses on ‘anticipatory coordination’ informed by scenarios that aim not only at
anticipating the potential risks and benefits of emerging technologies but also at
understanding the complex configuration of their development, such as the regulatory



landscape, the framing conditions and the expectations of different actors. Actively
engaged in developing the notion of anticipatory governance, David Guston moves the
concept away from the idea of “prediction” towards capacity building to allow more
plural, integrated and reflexive approaches to the responsible development of emerging
technologies (see Guston 2013).

Aligned to these understandings, interdisciplinary collaborations between the
engineering, natural, social sciences and humanities are seen as a core idea of RRI for
some (e.g. Dove and Ozdemir 2013; Flipse et al. 2014; Schuurbiers 2011; van der Burg
2010), as well as broader public and stakeholder engagement in dialogues about
innovation and the involvement of policy and decision-makers (see Bensaude-Vincent
2014; Betten et al. 2013; Gaskell et al. 2013; Ishizu et al. 2007; Ozdemir et al. 2013;
Rodriguez et al. 2013).

Rose (2014) highlights both dimensions, anticipation and dialogue, in his
understanding of RRI and adds a third — the possibility of influencing the trajectory of
research and innovation based on the results of anticipatory dialogues. This is a
dimension that is also acknowledged by van den Hove et al. (2012). Robinson (2009)
and Te Kulve and Rip (2011) connect RRI to Technology Assessment (TA) approaches,
such as Constructive Technology Assessment (CTA), while Stahl (2012) highlights the
importance of participatory technology assessment (pTA) for its implementation.
Finally, to elaborate on an understanding of responsibility in research and innovation,
earlier contributions relate its definition to more established practices such as health TA
(Jenkins 1995) and, not surprisingly, research ethics (Chervenak and McCullough 2006;
Zwart 2013).

4. Unpacking RRI

Taking a panoramic perspective across the sample, RRI can be seen to operate as an
umbrella term in the academic literature that comprises a series of theoretical
approaches and methods, and that cuts across different sectors. As such, a wide range of
actors are involved in RRI governance, which can be characterised as a patchwork of
different and sometimes shared responsibilities. Most of the studies analysed here aim
to contribute to the development of RRI from a specific discipline or area of research,
drawing attention to the sedimented nature of the concept. Few explicitly propose
holistic RRI frameworks and, as such, the majority of studies engage with RRI by
proposing or exploring existing approaches that might be commensurate with its goals.
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Others engage indirectly by addressing responsibility in science and innovation more
broadly.

In order to explore the RRI academic landscape in detail, four key dimensions of
the concept are examined. As stated above, drawing on Owen et al. (2012) we look at (i)
motivations for developing RRI; (ii) links to theory; and (iii) translations into practice.
We focus on these interlinked dimensions with the aim of illustrating the complexity of
RRI.

4.1 Motivations for developing RRI

Overall, ideas around RRI stem from a desire to improve the ways that different aspects
of science and technological change are governed. There is a perception that the concept
should be especially relevant in contexts of high uncertainty and decentralised
governance (Stahl 2012), and RRI is seen by some as being particularly important to
guide science policy, especially in Europe (Ozdemir et al. 2014; Schuurbiers 2011).
Particular attention is devoted to a suite of contentious and emerging areas of science
and innovation, such as biotechnology, geoengineering and information and
communication technologies (ICTs) (see Owen et al. 2012).

Two kindred lines of argumentation that relate to RRI’s envisaged purposes are
particularly noticeable. The first proposes that technology development poses a series of
risks that might have detrimental effects on the environment and society. These are
framed in terms of unintended consequences or potential impacts of new developments,
which ideally should be anticipated before technologies are fully developed and
implemented (see Owen et al. 2009; Robinson, 2009; Schaper-Rinkel 2013; Som et al.
2010; Stahl et al. 2014). RRI approaches therefore hope to avoid these unintended
undesirables. The second line of argumentation aims to move societal and
environmental governance away from reactive forms, and towards proactive forms, by
focusing on the potential benefits of innovation. Here, authors’ central claim is that RRI
should seek to improve innovation processes by better aligning them to societal
expectations and ‘needs’ (see Betten et al. 2013; D’Silva et al. 2012; Reddy et al. 2011;
Rose 2014; Sugarman 2012; Swan 2000; Zenko and Sardi 2014).

As we have noted, RRI is frequently coupled to imperatives of public and
stakeholder engagement. When this occurs, the underlying rationale may be close to
those embedded in the two narratives described above; as a way to ‘evaluate
technology’. Here, ‘engagement’ is seen as a means to understand and anticipate the
specific configurations in which technologies may be ‘socially embedded’ (Te Kulve
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and Rip 2011), allowing evaluations of their adequacy when faced with real societal
challenges in a range of socio-cultural contexts (Douglas and Stemerding 2013). More
familiar rationales are also apparent. Stahl (2012), for example, states that RRI could
support societal actors to scrutinise, understand and accompany technology
development, countering a tendency for expert-driven processes. Ishizu et al. (2007)
emphasise that public trust and/or acceptance of emerging technologies could be
achieved through dialogue in a context of responsible research and development.
Therefore, as RRI and public engagement agendas converge, we sometimes see the
perpetuations of rationales that have underpinned existing engagement practices, as well
as potentially novel rationales that appear to be emerging.

Finally, contributions from Owen et al. (2012) and Stilgoe et al. (2013) deserve
attention here as they offer some of the most precise specifications of RRI in the
literature sample. In these complementary works the authors articulate three main
purposes for RRI: a) To promote a shift in research and innovation governance away
from the avoidance of negative impacts, towards an ‘opened-up’ democratic process
that explicitly engages with ‘questions of intent’ in research and innovation; b) To foster
an integrated, participatory, reflexive and responsive process of deliberation about the
uncertainties and potential unintended consequences of research and innovation; And c)
to extend the notion of responsibility in research and innovation as something that
stretches significantly farther than just scientists, and to foster incarnations that move
away from consequentialist rule-based embodiments towards a collective duty of care.
Purposes a) and b) clearly resonate with those discussed above and two particular
features of these contributions should be noticed here. First is the focus on embedding
organisational change and learning, emphasised in Stilgoe et al.’s (2013) further
specification of institutional ‘reflexivity’ and ‘responsiveness’. Second is the explicit
wish to engage with alternative constructions of responsibility and incorporate them into
specific governance structures and tools that are cognizant of the ‘social and political
choices that stabilise particular innovations’ (Stilgoe et al. 2013, pp.1569). Such
features appear to introduce or highlight two important and novel elements that add to
other articulations of RRI, as seen above and later in this paper.

4.2 RRI and its links with theory

A range of theoretical backgrounds are informing RRI work, with papers produced by
authors from highly varied disciplinary backgrounds (i.e. social and natural sciences,
humanities and engineering). While there is cross-pollination between fields, these
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backgrounds span traditions of ethics (e.g. bioethics, engineering ethics), management
and organisation studies, public engagement and science communication fields,
sustainability (assessment), risk assessment, technology assessment (TA), and a
burgeoning body of science and technology studies (STS) theory. Rather than take
theory ‘off the shelf” to incorporate into formulations of RRI, authors usually link their
own disciplinary inclinations with the concept. In this way, it is important to note that
the line between the theoretical background of the papers analysed and the theory
associated with RRI is opaque. Below we briefly indicate the most prominent bodies of
theory that emerged from the analysis.

The majority of papers make efforts to establish theoretical links with the field
of STS (e.g. Bensaude-Vincent 2013; Betten et al. 2013; Flipse et al. 2014; Mejlgaard
and Bloch 2012; Reddy et al. 2011; Schuurbiers 2011), approaches from within TA (e.g.
D’Silva et al. 2012; Jenkins 1995; Te Kulve and Rip 2011; van der Burg 2010) or a
combination of the two (e.g. Flipse et al. 2012; Flipse et al. 2013; Fisher 2011; Guston
2013; Owen et al. 2009; Owen and Goldberg 2010; Robinson 2009; Stahl 2013; Stilgoe
et al. 2013). STS is an interdisciplinary field of research focused on the social
dimensions of science, which has developed over the last three decades making
significant contributions to the analysis of public engagement in science (see Delgado et
al. 2010), the production of scientific knowledge (e.g. Nowotny et al. 2003), and the
broad societal aspects of scientific and technological change (see Bijker 1995),
including their governance aspects (see Jasanoff 1990). The field of TA is also
interdisciplinary and interested in the societal dimension of technology development. It
originated in the 1950°s from a demand from different institutions such as governments
and corporations to anticipate the potential consequences of new technologies,
especially relying on forecasting techniques (see Schot and Rip 1996). As a whole,
more recent incarnations of TA have tended towards more participatory and reflexive
approaches aimed at fostering positive impacts of technologies (see Genus 2006).

Authors engaging with the STS and TA literatures do so in ways that closely
align with the motivations of RRI presented earlier by prioritising themes such as
upstream public engagement, the complex evolution and societal dimension of
technologies, interdisciplinary collaborations inside and outside academia, and the
elucidation of particular sociotechnical imaginaries, and examination of the potential
impacts of emerging technologies. Within the RRI-related literature there is frequent
reference to specific theoretical contributions, the most significant being the dilemma of
the ‘social control of technology’ voiced by David Collingridge (1980), which
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emphasises the common focus on reflecting and acting as early as possible to avoid
states of irreversibility or technological lock-in (e.g. Owen et al. 2009; Som et al. 2010;
Stahl et al. 2014; Te Kulve and Rip 2011).

One other prominent body of theory explored in the literature analysed that is
worthy of attention is that of ‘ethical traditions’. Pandza and Ellwood (2013), for
example, seek to contribute to the theoretical development of RRI by considering the
implications of implementing RRI for individual notions of agency and responsibility
within research projects, when a strong theme of RRI extols the importance of
collective responsibility. Stahl’s (2013) articulation of RRI connects STS and TA
scholarship, but emphasises the role of ethical theories in informing the normative
foundations and implementation of RRI. In the (bio)medical ethics field, Gaskell (2013)
looks at debates around the use of biobanks, where bioethical studies are prominent, to
highlight the implications for and role of RRI in the context of a tension between
personal and societal interests and amongst concerns about privacy, oversight of
research and confidentiality. Chervenak and McCullough (2006), and Dondorp and de
Wert (2011) tie a notion of responsibility to traditions of ethics-based analysis and
regulation, and ethical theories within the development of health technologies. Finally,
embedding another ‘hybrid’ theoretical background that sits on the boundary between
ethical and social scientific studies, Schuurbiers (2011) draws on theory from
engineering ethics and STS to consider the ethics of science and technology in the
laboratory context. For this author, RRI emphasises the integration of ethical
considerations by researchers (i.e. their normative stance) at the ‘midstream’ of R&D
decisions, rather than at the early stage of funding or late stage of regulatory decisions
(Schuurbiers 2011).

Less frequently than the above, other theoretical associations with RRI emerge
from the field of risk assessment (e.g. Owen et al. 2009; Owen and Goldberg 2010), or
more specifically in reference to approaches such as life cycle assessments (e.g. Som et
al. 2010).

4.3 Translating RRI into practice

At the outset of this paper we suggested that RRI is a concept that is currently subject to
experimentation; no single approach to practice dominates and operationalization of the
concept is still under development. To this end, several authors have made attempts to
translate the concept into practice, but there are noticeably few reports on real-world
experiences. Rather, contributions tend to suggest approaches to realise RRI or offer
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existing candidate approaches that RRI can be linked to. Approaches (i.e. broader
frameworks such as TA or [A) and methods (i.e. the specific tools within an approach)
correlate to RRI’s purposes and the theoretical backgrounds outlined previously.
Therefore, this section first recapitulates the purposes of RRI to then relate them to
approaches and methods suggested by authors in the analysed sample (table 2). It closes
by briefly outlining suggestions for science policy present in the literature.

We have seen that conceptualisations of RRI generally embed the consideration
of social and ethical aspects of research and innovation as an overarching goal. This
might be implemented at the level of scientific or engineering practice and/or through
the governance and assessment of technologies. Concerns such as environmental
sustainability, public health and safety, and research integrity, are included but so too
are questions about the uncertainties of innovation, and the assumptions, commitments
and framings embedded in scientific practice (Stilgoe et al. 2013).

We also saw that for some RRI has an objective of identifying potential impacts,
benefits and risks at its heart. Authors proposed that this should (i) occur at an early-
stage to inform governance mechanisms and avoid time delays between innovation and
regulation, (ii) explore the complex dynamics behind innovation and their evolving
landscapes (industrial, market, society, regulation, research etc.) and (iii) facilitate the
construction of more pluralistic visions of technology futures.

To achieve these goals, the integration of a plethora of voices into the
governance and practice of research and innovation was a particularly common
suggestion. This might occur through the integration of different disciplines and/or
participative processes. Taking the former, Rodriguez et al. (2013) discuss calls by the
EC for “socio-technical integration”. In these terms, an effective RRI process is
dependent upon four kinds of engagement, each relating to a different category of
actors: (i) socio-ethical, (ii) stakeholder, (iii) socio-economic and (iv) industrial.
Turning to the latter, other studies (e.g. Fisher 2011 and Bensaude-Vincent,2014) have
noted the tight links between participatory processes and RRI. For example, operating
in the contexts of information systems and synthetic biology respectively, Stahl (2012)
and Betten et al. (2013) emphasise the fundamentality of public and stakeholder
engagement to any RRI approach.

Although public/stakeholder engagement and interdisciplinarity emerge as
prominent and cross-cutting practical dimensions of RRI (see table 2), they are rarely
singular ends in themselves. Instead they are often prerequisites to broader goals. In the
fields of biomedicine and biotechnology, Flipse et al. (2014), Reddy et al. (2011) and
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Table 2. Approaches and methods connected to RRI in the academic literature, demonstrating diversity and overlapping objectives.

Approaches and methods

Objectives of approaches
and methods

References

Codes of conduct; codes of ethics; constructive ethical
TA,; ethical impact assessment; ethical TA; ethics review;
research integrity; value-sensitive design

Constructive TA; cost-benefit analysis; foresight; horizon
scanning; impact assessment; life-cycle assessment; risk
assessment; risk management; scenario planning; socio-
literary techniques; technology assessment; vision
assessment

Constructive TA; ethical parallel research; ethnographic
studies; foresight activities; horizon scanning; midstream
modulation; real-time TA; scenario planning; technology
assessment

Anticipatory governance; citizens' juries/panels;
consensus conferences; constructive TA; co-evolutionary
scenarios; deliberative mapping; deliberative polling;
focus groups; foresight activities; horizon scanning;
hybrid mechanisms (e.g. lay members on scientific
advisory committees); interactive learning and action
(ILA) approach; multi-stakeholder partnerships; open
access; participatory agenda setting; participatory forums
and workshops; participatory research projects (e.g.
community-based approaches); participatory TA; public
advisory boards; public opinion polling; roadmapping,
multi-level analysis and socio-technical scenarios (as pre-
engagement tools); scenario planning; science caf¢;
science shops; upstream engagement; user-centred design

Identification and
appraisal of ethical and
societal aspects of research
and innovation

Identification and
appraisal of risks, potential
positive and negative
impacts of research and
innovation

Socio-technical integration
and interdisciplinarity in
research and innovation

Public and stakeholder
engagement with research
and innovation

Chervenak and McCullough (2006); Van der Burg
(2010); Bensaude-Vincent (2013); Stahl (2012);
Stahl (2013); Stilgoe et al. (2013); Stahl (2014)

Jenkins (1995); Owen et al. (2009); Owen and
Goldberg (2010); Som et al. (2010); D'Silva et al.
(2012); Owen et al. (2012); Stahl (2013); Schaper-
Rinkel (2013); Stilgoe et al. (2013); Rose (2014)

Reddy et al. (2011); Schuurbiers (2011); Flipse et
al. (2012); Flipse et al. (2013); Rodriguez et al.
(2013); Stilgoe et al. (2013); Flipse et al. (2014b);
Flipse et al. (2014c¢)

Ishizu et al. (2007); Robinson (2009); Te Kulve
and Rip (2011); Owen et al. (2012); Stahl (2012);
Betten et al. (2013); Escarefio et al. (2013); Guston
(2013); Stilgoe et al. (2013); Bensaude-Vicent
(2014)
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science and ethics during the early phases of research. Similarly, Betten et al. (2013)
view multi-stakeholder RRI processes as one way to realise the benefits of synthetic
biology applications and consider their ethical, social and legal aspects in different
contexts. Finally, Stahl (2012) defines engagement in bi-dimensional terms, whereby
actors (researchers, industry and organisations) ‘engage with normative questions’ with
their ‘viewpoints and positions’ being directly incorporated into research policy and
industrial decision-making. We thus see the interconnected nature of goals, approaches
and methods. With these caveats in mind, the purpose of the categorisation in table 2 is
to summarise the practical dimension of RRI, which currently resembles an
unstructured box of tools, mechanisms and sometimes vaguely articulated prescriptions
that are established in other traditions or are still being developed.

Finally, extant and/or novel policy and governance mechanisms are also seen as
important for the practical implementation of RRI. These are decidedly diverse: ranging
from laws and regulations (Rawlins 2014; Stahl 2012); to principles included in
international declarations and protocols (Stahl 2013); to guidelines or frameworks put
forward by funding agencies (Owen and Goldberg 2010) and professional societies
(Dondorp and De Wert 2011). Douglas and Stemerding (2013) emphasise that for
emerging technologies, RRI-informed governance mechanisms should include but not
be limited to laws and regulations. In the case of synthetic biology, they support a
strategy in which funders, focusing on positive global health outcomes, direct their
interventions towards specific global health challenges, and where intermediary or
translational institutions and organizations such as spin-offs and not-for profits are
established to facilitate the access of poorer populations to such interventions. This
proposal is complementary to Stilgoe et al.’s (2013) suggestions, mirroring their notion
of responsiveness in RRI enacted by mechanisms such as the constitution of grand
challenges and thematic research programmes, open access and alternative intellectual
property regimes. Douglas and Stemerding (2013) also highlight that amateur and
professional guidelines, education and training should play an important role in
realising a ‘culture of values’ related to RRI (Douglas and Stemerding 2013, pp.149).

5. Discussion
This paper has begun to unpack a complex and ill-defined concept by systematically
reviewing a defined body of academic literature that explicitly claims to address, to
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varying degrees and from different standpoints, the notion of RRI. The work presented
in the paper was initiated by the suggestion that the primary dimensions of RRI —
specifically its motivations, its theoretical conceptualisations and its translation into
practice — remain ambiguous (see Owen et al. 2012). Setting out the RRI landscape may
therefore be useful for both those unfamiliar with the concept and those interested in
developing it further. Whilst we cannot fully resolve these ambiguities, we are able to
highlight the complexity in different articulations of RRI in a moment when RRI is
being debated and actively co-constructed by a multitude of actors inside and outside
academia.

This exploration may also provide a departing reference point for a systematic
comparison between the academic RRI agenda and the political RRI agenda, for
example as contained in the recent Rome Declaration on Responsible Research and
Innovation in Europe (2014) and the EC’s view of RRL" Both agendas share core
aspects such as the notion of shared responsibilities for the development and
consequences of research and innovation and the need to foster public and stakeholder
engagement in all stages of the processes of research and innovation. Three out of the
EC’s six RRI pillars, specifically public engagement, issues around ethics and
governance are also well reflected in academic representations of the concept, as
previously illustrated. However, some academic conceptions of RRI, such as those
analysed in this paper, pay little attention to questions specific to the remaining three
pillars of gender equality, open access to research results and science education that are
emphasised by the EC perspective on RRI. Equally, the EC incarnations are tightly
aligned to facilitating innovation on ‘societal grand challenges’, seeming less concerned
with encouraging interdisciplinarity and embedding forms of assessment that look
beyond risk than the voices of academic and practitioner proponents from the literature.

Authors have positioned RRI as a meta-framework that aims to orchestrate
existing mechanisms that broadly address responsibility in science and technology
(Stahl 2013; Stahl et al. 2014), and as an approach that builds on previous published
work to support the governance of science and technology by enabling social learning
and empowering social agency (Stilgoe et al. 2013). The results from this ‘unpacking
work’ suggest that RRI, as articulated by academics, aspires to: a) combine, adapt or
appropriate theoretical and methodological elements of other approaches for the
governance and assessment of science and technology; b) articulate approaches that
were intended to deliver some sort of ‘integration’, e.g. socio-technical integration; and
c¢) involve multiple actors and institutions in its development and implementation. As
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much work seems to tie existing and well-developed traditions of theory and practice to
the concept, RRI’s greatest potential may be to operate at the ‘mid-range’ between
idiosyncratic and grand-unifying theories, as has been spiritedly pleaded for by some
within STS (see Wyatt and Balmer 2007), and which may help to demarcate, without
stifling, the “delightful unruliness” of the field (Jasanoff 2010, pp.203; Jensen 2014,
pp-197).

RRI has developed in diverse spaces of intervention that are “constituted by
activities, actors and norms” (Stahl 2013, pp.709). The characteristics and consequences
of RRI will, then, ultimately depend on the motivations and objectives of its proponents
and the actors involved, as well as the spaces that exist, can be modified or created for
its realisation. Such spaces can, for example, be more or less inclusive, and can have
different impacts at different geographical and institutional scales. As it currently
stands, RRI incorporates multiple and wide-ranging elements (e.g. specific methods for
public engagement or interdisciplinary dialogues), involves numerous social actors and
is subject to diverse institutionalised governance mechanisms. It is being implemented
at the level of national and international trajectory setting through the development of
processes and practices to influence the pace and shape of research programmes, but
RRI is also being mobilised to enact change in daily practices at the laboratory level
(see Pidgeon et al. 2013; Schuurbiers 2011). When determining the outcomes of RRI,
one particularly important point of inter-site specificity comes when commercially-
driven innovation processes are seen as compared to research in which economic impact
is not the priority: Some authors have argued that the interests and values of researchers
with primarily industrial motivations may be different from others (see Flipse et al.
2012; Pandza and Ellwood 2013) and corporate R&D environments are subject to
different constraints regarding confidentiality and public image, for example (Flipse et
al. 2014b). Our analysis therefore makes clear the fundamentality of specific contextual
dynamics in determining what RRI does and might look like in the future.

This static yet diverse snapshot of ‘RRI landscape’ therefore gives support to
Randles et al.’s (2014) suggestion that the community-bridging dimensions of RRI
appear to imbue the concept with the characteristics of a boundary-object: “a sort of
arrangement that allows different groups to work together without consensus” in a
“shared space” (Star 2010, pp.602-603). These ‘groups’ represent the different sectors
(e.g. academia, industry and public organisations) that might be interested in developing
or embedding RRI in their activities. ‘Spaces’ may include, for example, journals
addressing RRI, workshops and conferences, related funding programmes at national
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and international levels, research projects, and both public and private committees
dedicated to developing and applying the concept. STS has long recognised that there
are important differences between scientific cultures beyond the well-trodden industry-
academia divide (e.g. Knorr-Cetina 1999) but such observations raise important
questions regarding the level of standardisation that is desirable or required. If RRI
currently resembles a “miscellaneous box of tools” with a clear need but no unified
approach, then some form of shared project seems valuable to avoid the past challenges
associated with multivalent meanings (e.g. Wynne 2007b). The challenge however —
and not one we are able to solve here — is how such shared meanings might be
encouraged whilst remaining sensitive to the diversity of spaces, actors and norms
embodied within them (Wickson and Forsberg 2014).

6. Concluding remarks

While the emergence of a dynamic discourse that spans different sectors of society and
that integrates different scholarships and practices implies a perceived value for RRI,
the ‘novelty’ of the concept seems to rest on four elements: first, its ability to reiterate
long-standing yet often neglected claims about the need to consider the ethical and
social aspects of research and innovation; second, as a means to re-focus attention on
the use of existing tools (for example, for ethical reflection, stakeholder engagement
etc.) and examine the value and impact of these tools; third, to mobilise resources to
develop new approaches; and finally, to engage actors that may be excluded from
research, development and decision-making around emerging technologies. New
discursive tools such as RRI may help re-emphasise topics that communities of theory
and practice such as STS, TA and ethics have long articulated, but that still struggle to
gain political momentum and have a direct impact on practice.

Of course, neither a reiteration of claims nor a discourse on integration alone
will automatically produce change. At this point, critical and constructive reviews of
what RRI has to offer — that has not yet been offered — and particularly of how exactly
RRI is to be implemented in ways that do not undermine the rationales of such
communities are needed. Across the literature analysed, academic contributors imply
that the concept has emerged for a reason but there are different accounts of RRI’s
micro-history. On this note, important further work should explore, in specific detail,
why we need RRI, what specific ‘kind’ of RRI is needed for which areas of science and
technologies in which contexts, and why now? Most importantly, the concept does
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present opportunities for a change of scene regarding our cultures of science and
innovation. But while its aims and mechanisms are developing rapidly among
academics, a change in the institutional cultures of responsibility in research and
innovation that aligns with and embraces these goals is still to be constructed, however
fundamental that may be (Wynne 1984; Wynne 2011).

Such a change is dependent on concerted efforts from multiple actors, the
development of novel spaces, and engagement with the specificities accorded by
different cultures, be they public, private, or disciplinary. Natural scientists, social
scientists and engineers are perhaps the most obvious agents in promoting a change in
research and innovation cultures that is informed by RRI (and of also eventually
imagining and developing different forms of RRI), but responsibility must ultimately be
distributed widely, across a non-exhaustive list of research funders, regulators, industry
and civil society. Whether this manifests as a form of collective responsibility (Spruit et
al. 2015) or a range of individual responsibilities (Foley et al. 2012) is open to
negotiation, with neither being unproblematic. Change necessarily requires the
development of novel institutional structures and ‘hybrid’ spaces to allow alternative
problem framings, the formulation of new questions and consideration of future
scenarios (Callon et al. 2009), which may, for example, enable engineers to reflect
substantively on the values embedded within their designs (Pesch 2015). To ensure that
societal perspectives and concerns play a decisive role in decision-making beyond
agenda-setting, consideration of and engagement with the architectural features of
research and innovation is needed (such as, for example, the requirements and
limitations posed by funding bodies), especially in the case of (an ever growing) private
sponsorship of science, technology and innovation (Longino 2002). Against this
background of actor interactions, RRI is undeniably contingent and ‘plastic’ (Parry et al.
2012) and as such is subject to multiple competing, potentially irreconcilable, agendas
and motivations. This mapping work is part of the process of finding ways to articulate,
key aims, assumptions, and applications of RRI in practice, which are fundamental if it
is to have an important role in research and institutional cultures.
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Notes

* The first search was conducted in July 2014 and the analysis was done between the months of August
and December 2014. As of today, a considerable number of new contributions have been published given
that the concept of RRI has rapidly gained popularity. In November 2015 we have therefore repeated the
exact search to make sure that our review took on board the majority of results, only excluding an
acceptable number of studies published between August 2014 and November 2015. We would like to
inform the reader that we identified 19 valid results in this search, 4 of which were authored by the same
authors included in our sample. This left us with 15 references from new authors, which surely will
contribute diverse perspectives, but that we do not consider as an outstanding number of publications for
the period considered in the database used. We would also like to acknowledge that the search engine
scans only journals indexed in the Web of Knowledge. This limits the results of the analysis, excluding
recent specialised journals such as the Journal of Responsible Innovation, as a prominent example.

® See http://ec.europa.cu/research/swafs/pdf/rome declaration RRI final 21 November.pdf and
https://ec.europa.eu/programmes/horizon2020/en/h2020-section/responsible-research-innovation.
Accessed 23 December 2015

References

Bensaude Vincent, B. (2013). Ethical perspectives on synthetic biology. Biological
Theory, 8(4), 368-375.

Bensaude Vincent, B. (2014). The politics of buzzwords at the interface of
technoscience, market and society: The case of “public engagement in science”. Public
Understanding of Science (Bristol, England), 23(3), 238-53.

Betten, A. W., Roelofsen, A., Broerse, J. E. W. (2013). Interactive learning and action:
realizing the promise of synthetic biology for global health. Systems and Synthetic
Biology, 7(3), 127-38.

Bijker, W. (1995). Sociohistorical technology studies. In S. Jasanoff, G. Markle, J.
Petersen, & T. Pinch (Eds.), Handbook of science and technology studies, revised
edition (pp. 229-257). Thousand Oaks, CA: SAGE Publications.

Bird, S. J. (2006). Research ethics, research integrity and the responsible conduct of
research. Science and Engineering Ethics, 12(3), 411-412.

22



Boucher, P. (2015). “You wouldn’t have your granny using them’: Drawing boundaries
between acceptable and unacceptable applications of civil drones. Science and
Engineering Ethics, doi:10.1007/s11948-015-9720-7

Briggle, A. (2012). Scientific responsibility and misconduct. Encyclopedia Of Applied
Ethics (Second Edition. Vol. 4). Elsevier Inc.

Bryman, A. (2012). Social research methods. Fourth edition. New York: Oxford
University Press.

Callon, M., Lascoumes, P., Barthe, Y. (2009). Acting in an uncertain world: An essay
on technical democracy. Cambridge, MA: MIT Press.

Calvert, J., Martin, P.A., (2009). The role of social scientists in synthetic biology.
EMBO reports, 10(3), 201-204.

Chervenak, F. A., McCullough, L. B. (2006). Scientifically and ethically responsible
innovation and research in ultrasound in obstetrics and gynecology. Ultrasound in
Obstetrics & Gynecology : The Official Journal of the International Society of
Ultrasound in Obstetrics and Gynecology, 28(1), 1-4.

Collingridge, D. (1980). The social control of technology. Milton Keynes. UK: Open
University Press.

D’Silva, J., Robinson, D. K. R., Shelley-Egan, C. (2012). A game with rules in the
making — how the high probability of waiting games in nanomedicine is being mitigated
through distributed regulation and responsible innovation. Technology Analysis &
Strategic Management, 24(6), 583—-602.

de Saille, S. (2015a). Innovating innovation policy: the emergence of “Responsible
Research and Innovation.” Journal of Responsible Innovation, 2(2), 152—168.

de Saille, S. (2015b). Dis-inviting the unruly public. Science as Culture, 24(1), 99—107.
Delgado, A., Kjolberg, K. L., Wickson, F. (2010). Public engagement coming of age:
From theory to practice in STS encounters with nanotechnology. Public Understanding

of Science, 1, 1-20.

Dondorp, W., de Wert, G. (2011). Innovative reproductive technologies: risks and
responsibilities. Human Reproduction (Oxford, England), 26(7), 1604-38.

23



Douglas, C. M. W., Stemerding, D. (2013). Governing synthetic biology for global
health through responsible research and innovation. Systems and Synthetic Biology,
7(3), 139-50.

Dove, E. S., Ozdemir, V. (2013). All the post-genomic world is a stage: the actors and
narrators required for translating pharmacogenomics into public health. Personalized
Medicine, 10(3), 213-216.

Dove, E. S., Ozdemir, V. (2014). The epiknowledge of socially responsible innovation.
EMBO Reports, 15(5), 462-3.

Escarefio, L., Salinas-Gonzalez, H., Wurzinger, M., Iiiguez, L., S6lkner, J., Meza-
Herrera, C. (2013). Dairy goat production systems: status quo, perspectives and
challenges. Tropical Animal Health and Production, 45(1), 17-34.

European Commission (2009). Commission recommendation on a code of conduct for
responsible nanosciences and nanotechnologies research & Council conclusions on
Responsible nanosciences and nanotechnologies research. Directorate-General for
Research Science, Economy and Society, Luxembourg: Office for Official Publications
of the European Communities.

European Commission (2012). Responsible Research and Innovation. Europe’s ability
to respond to societal challenges. Retrieved from:
https://ec.europa.eu/research/swafs/pdf/pub public engagement/responsible-research-
and-innovation-leaflet en.pdf. Accessed 24 December 2015.

European Commission (2013). Options for Strengthening Responsible Research and
Innovation. Report of the Expert Group on the State of Art in Europe on Responsible
Research and Innovation. Directorate-General for Research and Innovation, Brussels:
Office for Official Publications of the European Union.

Fisher, E. (2011). Editorial overview: public science and technology scholars: engaging
whom? Science and Engineering Ethics, 17(4), 607-20.

Fitzgerald, D., Callard, F., (2014). Social science and neuroscience beyond
interdisciplinarity: Experimental Entanglements. Theory, Culture & Society, 32(1), 3—
32.

24



Flipse, S. M., van der Sanden, M. C. A., Osseweijer, P. (2012). Midstream modulation
in biotechnology industry: redefining what is “part of the job” of researchers in
industry. Science and Engineering Ethics, 19(3), 1141-64.

Flipse, S. M., van der Sanden, M. C. A., Osseweijer, P. (2013). The why and how of
enabling the integration of social and ethical aspects in research and development.
Science and Engineering Ethics, 19(3), 703-25.

Flipse, S. M., De Winde, J. H., Osseweijer, P., van der Sanden, M. C. A. (2014a). The
wicked problem of socially responsible innovation. EMBO Reports, 15(5), 464.

Flipse, S. M., van der Sanden, M. C. A., Osseweijer, P. (2014b). Setting up spaces for
collaboration in industry between researchers from the natural and social sciences.
Science and Engineering Ethics, 20(1), 7-22.

Flipse, S. M., van Der Sanden, M. C. A., Radstake, M., De Winde, J. H., Osseweijer, P.
(2014c). The DNA of socially responsible innovation. EMBO Reports, 15(2), 134-137.

Foley, R.W., Bennett, 1., Wetmore, J.M. (2012). Practitioners’ views on responsibility:
Applying nanoethics. NanoEthics, 6, 231-241.

Forsberg, E. M., Quaglio, G., O’Kane, H., Karapiperis, T., Van Woensel, L., Arnaldi, S.
(2015). Assessment of science and technologies: Advising for and with responsibility.
Technology in Society, 42, 21-27.

Gaskell, G., Gottweis, H., Starkbaum, J., Gerber, M. M., Broerse, J., Gottweis, U., ...
Soulier, A. (2013). Publics and biobanks: Pan-European diversity and the challenge of
responsible innovation. European Journal of Human Genetics : EJHG, 21(1), 14-20.

Genus, A. (2006). Rethinking constructive technology assessment as democratic,
reflective, discourse. Technological Forecasting and Social Change, 73(1), 13-26.

Glerup, C., Horst, M. (2014). Mapping “social responsibility” in science. Journal of
Responsible Innovation, 1(1), 31-50.

Guston, D. H., Sarewitz, D. (2002). Real-time technology assessment. Technology in
Society, 24, 93—1009.

Guston, D. H. (2013). Understanding “anticipatory governance.” Social Studies of
Science, 44(2), 218-242.

Hedgecoe, A. (2010). Bioethics and the reinforcement of socio-technical expectations.
Social Studies of Science, 40(2), 163-186.

25



Higgins, J. P. T., Green S. (2011). Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0. The Cochrane Collaboration. http://www.cochrane-
handbook.org. Accessed 10 November 2015.

Horst, M. (2014). On the weakness of strong ties. Public Understanding of Science
23(1): 43-47.

Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis.
Qualitative Health Research, 15(9), 1277-88.

Irwin, A. (2008). STS perspectives on scientific governance. In E. J. Hackett, O.
Amsterdamska, M. Lynch and J. Wajcman (Eds.), The Handbook of Science and
Technology Studies (pp. 583-607). London, UK: MIT Press.

Irwin, A. (2014). From deficit to democracy (re-visited). Public Understanding of
Science 23(1): 71-76.

Ishizu, S., Sekiya, M., Ishibashi, K., Negami, Y., Ata, M. (2007). Toward the
responsible innovation with nanotechnology in Japan: our scope. Journal of
Nanoparticle Research, 10(2), 229-254.

Jasanoff, S. (1990). The fifth branch: Science advisers as policy-makers. Cambridge,
MA: Harvard University Press.

Jasanoff, S., (2004). The idiom of co-production. In S. Jasanoff (Ed.), States of
Knowledge (pp. 1-12). London: Routledge.

Jasanoff, S. (2010). A field of its own: the emergence of science and technology studies.
In R. Frodeman, J. Thompson & C. Mitcham (Eds), The Oxford Handbook of
Interdisciplinarity (pp. 191-205). Oxford: Oxford University Press.

Jenkins, S. G. (1995). Evaluation of new technology in the clinical microbiology
laboratory. Diagnostic Microbiology and Infectious Disease, 23(1-2), 53—60.

Jensen, C. B. (2014). Continuous variations: The conceptual and the empirical in STS.
Science, Technology & Human Values, 39(2), 192-213.

Jonas, H. (1984). The imperative of responsibility: In search of an ethics for the
technological age. Chicago: University of Chicago Press.

26



Kerr, A. (2000). (Re)Constructing genetic disease: The clinical continuum between
cystic fibrosis and male infertility. Social Studies of Science, 30(6): 847-94.

Knorr-Cetina, K.D. (1999). Epistemic cultures: How the sciences make knowledge.
Cambridge, MA: Harvard University Press.

Latour, B. (2002). Morality and Technology: The end of the means. Theory, Culture &
Society, 19(5/6), 247-260.

Longino, H. E. (2002). Science and the common good: Thoughts on Philip Kitcher’s
science, truth, and democracy. Philosophy of Science, 69(4), 560—568.

Mejlgaard, N., Bloch, C. (2012). Science in society in Europe. Science and Public
Policy, 39(6), 695-700.

Nowotny, H., Scott, P., Gibbons, M. (2003). Introduction. ‘Mode 2’ revisited: The new
production of knowledge. Minerva, 41, 179-194.

Owen, R., Baxter, D., Maynard, T., Depledge, M. (2009). Beyond regulation: risk
pricing and responsible innovation. Environmental Science & Technology, 43(18),
6902-6.

Owen, R., Goldberg, N. (2010). Responsible innovation: a pilot study with the U.K.
Engineering and Physical Sciences Research Council. Risk Analysis, 30(11), 1699—
1707.

Owen, R., Macnaghten, P., Stilgoe, J. (2012). Responsible research and innovation:
From science in society to science for society, with society. Science and Public Policy,
39(6), 751-760.

Ozdemir, V., Borda-Rodriguez, A., S. Dove, E., R. Ferguson, L., Huzair, F., G.
Manolopoulos, V., ... Srivastava, S. (2013). Public health pharmacogenomics and the
design principles for global public goods — moving genomics to responsible
innovation). Current Pharmacogenomics and Personalized Medicine, 11(1), 1-4.

Ozdemir, V., Kolker, E., Hotez, P. J., Mohin, S., Prainsack, B., Wynne, B., ...
Kickbusch, I. (2014). Ready to put metadata on the post-2015 development agenda?
Linking data publications to responsible innovation and science diplomacy. Omics : A
Journal of Integrative Biology, 18(1), 1-9.

27



Pandza, K., Ellwood, P. (2013). Strategic and ethical foundations for responsible
innovation. Research Policy, 42(5), 1112-1125.

Parry, S., Faulkner, W., Cunningham-Burley, S., Marks, N. J. (2012). Heterogeneous
agendas around public engagement in stem cell research: The case for maintaining
plasticity. Science and Technology Studies, 12(2), pp.61-80.

Pellizzoni, L. (2004). Responsibility and environmental governance. Environmental
Politics, 13(3), 541-565.

Pesch, U. (2014). Engineers and active responsibility. Science and Engineering Ethics,
21(4), 925-939.

Pidgeon, N., Parkhill, K., Corner, A., Vaughan, N. (2013). Deliberating stratospheric
aerosols for climate geoengineering and the SPICE project. Nature Climate Change,
3(5), 451-457.

Raman, S., Mohr, A., Helliwell, R., Ribeiro, B., Shortall, O., Smith R.D.J., Millar, K.
(2015). Integrating social and value dimensions into sustainability assessment of
lignocellulosic biofuels. Biomass and Bioenergy, 82, 49-62.

Randles, S., Dorbeck-Jung, B., Lindner, R., Rip, A. (2014). Where to next for
Responsible Innovation? In C. Coenen, A. Dijkstra, C. Fautz, J. Guivant, K. Konrad, C.
Milburn & H. van Lente (Eds.), Innovation and Responsibility: Engaging with new and
emerging technologies (pp. 19-35). Heidelberg, Germany: 10S Press, AKA.

Rawlins, M. D. (2014). The “Saatchi bill” will allow responsible innovation in
treatment. BMJ, 2771(April), 1-2.

Reddy, P., Jain, R., Paik, Y. (2011). Personalized medicine in the age of
pharmacoproteomics: A close up on India and need for social science engagement for
responsible innovation in post-proteomic biology. Current Pharmacogenomics and
Personalized Medicine, 9(1), 67-75.

Reiss, T. and Millar, K. (2014). Introduction to special section. Assessment of emerging
science and technology: Integration opportunities and challenges. Science and Public

Policy, 41(3), 269-271.

Resnik, D. B. (1998). The ethics of science: An introduction. London: Routledge.

28



Rhodes, R. (2005). Rethinking research ethics. The American Journal of Bioethics, 5(1),
7-28.

Rip, A. (2014). The past and future of RRI. Life Sciences Society and Policy, 10(1), 17.

Rip, A., Misa, T.J., Schot, J. (1995). Managing technology in society: The approach of
constructive technology assessment. London, UK: Pinter.

Robinson, D. K. R. (2009). Co-evolutionary scenarios: An application to prospecting
futures of the responsible development of nanotechnology. Technological Forecasting
and Social Change, 76(9), 1222-1239.

Rodriguez, H., Fisher, E., Schuurbiers, D. (2013). Integrating science and society in
European Framework Programmes: Trends in project-level solicitations. Research
Policy, 42(5), 1126-1137.

Rose, N. (2014). The human brain project: Social and ethical challenges. Neuron, 82(6),
1212-1215.

Schaper-Rinkel, P. (2013). The role of future-oriented technology analysis in the
governance of emerging technologies: The example of nanotechnology. Technological
Forecasting and Social Change, 80(3), 444—452.

Schot, J., Rip, A. (1996). The past and future of constructive technology assessment.
Technological Forecasting and Social Change, 54, 251-268.

Schuurbiers, D. (2011). What happens in the lab: Applying midstream modulation to
enhance critical reflection in the laboratory. Science and Engineering Ethics, 17(4),
769-88.

Som, C., Berges, M., Chaudhry, Q., Dusinska, M., Fernandes, T. F., Olsen, S. L.,
Nowack, B. (2010). The importance of life cycle concepts for the development of safe
nanoproducts. Toxicology, 269(2-3), 160-9.

Spruit, S.L., Hoople, G.D., Rolfe, D.A. (2015). Just a cog in the machine? The
individual responsibility of researchers in nanotechnology is a duty to collectivize.

Science and Engineering Ethics, doi: 10.1007/s11948-015-9718-1

Stahl, B. C. (2012). Responsible research and innovation in information systems.
European Journal of Information Systems, 21(3), 207-211.

29



Stahl, B. C. (2013). Responsible research and innovation: The role of privacy in an
emerging framework. Science and Public Policy, 40(6), 708-716.

Stahl, B. C., McBride, N., Wakunuma, K., Flick, C. (2014). The empathic care robot: A
prototype of responsible research and innovation. Technological Forecasting and Social
Change, 84, 74-85.

Stilgoe, J., Lock, S.J., Wilsdon, J. (2014). Why should we promote public engagement
with science? Public Understanding of Science, 23(1), 4-15.

Stilgoe, J., Owen, R., Macnaghten, P. (2013). Developing a framework for responsible
innovation. Research Policy, 42(9), 1568—1580.

Stinner, D. H., Glick, 1., Stinner, B. R. (1992). Forage legumes and cultural
sustainability: lessons from history. Agriculture, Ecosystems & Environment, 40(1-4),
233-248.

Star, S. L. (2010). This is not a boundary object: Reflections on the origin of a concept.
Science, Technology & Human Values, 35(5), 601-617.

Stirling, A. (2008). “Opening up” and “closing down”: Power, participation, and
pluralism in the social appraisal of technology. Science, Technology & Human Values,
33(2), 262-294.

Stirling, A. (2012). Opening up the politics of knowledge and power in bioscience.
PLoS Biology, 10(1), e1001233.

Sugarman, J. (2012). Questions concerning the clinical translation of cell-based
interventions under an innovation pathway. The Journal of Law, Medicine & Ethics: A
Journal of the American Society of Law, Medicine & Ethics, 40(4), 945-50.

Sutcliffe, H. (2011). A report on Responsible Research and Innovation for the European
Commission. https://ec.europa.eu/research/science-

society/document_library/pdf 06/rri-report-hilary-sutcliffe en.pdf. Accessed 10
November 2015.

Swan, P. B. (2000). The role of land grant universities: Responsible Innovation. In The

Biobased Economy of the Twenty-First Century: Agriculture Expanding into Health,
Energy, Chemicals, and Materials (pp. 85-91). Orlando, Florida: NABC REPORT.

30



Te Kulve, H., Rip, A. (2011). Constructing productive engagement: pre-engagement
tools for emerging technologies. Science and Engineering Ethics, 17(4), 699-714.

Tran, T. Daim, T., (2008). A taxonomic review of methods and tools applied in
technology assessment. Technological Forecasting and Social Change, 75(9), 1396—
1405.

Van den Hove, S., McGlade, J., Mottet, P., Depledge, M. H. (2012). The Innovation
Union: a perfect means to confused ends? Environmental Science & Policy, 16(0), 73—
80.

Van der Burg, S. (2010). Shaping the societal impacts of engineering sciences: a
reflection on the role of public funding agencies. Innovation: The European Journal of
Social Science Research, 23(1), 25-36.

von Schomberg, R. (2011). Prospects for technology assessment in a framework of
responsible research and innovation’. In M. Dusseldorp, R. Beecroft (Eds.),
Technikfolgen abscha“tzen lehren. Bildungspotenziale transdisziplina“rer Methoden
(pp- 39-61). Springer.

von Schomberg, R. (2013). A vision of responsible research and innovation. In R.
Owen, J. Bessant, M. Heintz (Eds.) Responsible innovation: Managing the responsible
emergence of science and innovation in society (pp. 51-74). Chichester: Wiley.

Wickson, F., Forsberg, E. M. (2014). Standardising responsibility? The significance of
interstitial spaces. Science and Engineering Ethics, 21(5), 1159-1180.

Wilsdon, J., Wynne, B., Stilgoe, J. (2005). The public value of science: Or how to
ensure that science really matters. London, UK: Demos.

Winner, L. (1986). The whale and the reactor: A search for limits in an age of high
technology. Chicago: University of Chicago Press.

Wyatt, S., Balmer, B. (2007). Home on the range: What and where is the middle in
science and technology studies? Science, Technology & Human Values, 32(6), 619—
626.

Wynne, B. (1984). The institutional context of science, models, and policy: The IIASA
energy study. Policy Sciences, 17, 277-320.

31



Wynne, B. (2006). Public engagement as a means of restoring public trust in science —
hitting the notes, but missing the music? Community genetics, 9(3), 211-220.

Wynne, B. (2007a). Public participation in science and technology: performing and
obscuring a political-conceptual category mistake. East Asian Science, Technology and
Society: and International Journal, 1, 99-110.

Wynne, B. (2007b). Dazzled by the mirage of influence? STS-SSK in multivalent
registers of relevance. Science, Technology & Human Values, 32(4), 491-503.

Wynne, B. (2011). Lab work goes social, and vice versa: Strategising public
engagement processes. Science and Engineering Ethics, 17(4), 791-800.

Zenko, Z., Sardi, V. (2014). Systemic thinking for socially responsible innovations in
social tourism for people with disabilities. Kybernetes, 43(3), 652—666.

Zwart, H. E. (2013). From playfulness and self-centredness via grand expectations to
normalisation: a psychoanalytical rereading of the history of molecular genetics.
Medicine, Health Care, and Philosophy, 16(4), 775-88.

Acknowledgements

Research reported in this paper was supported by the Integrated EST Framework project
(http://estframe.net) funded by the European Commission’s 7th Framework Programme
GA No. 288981 (Millar, Smith and Ribeiro). This work was also supported through the
Leverhulme Trust research programme “Making Science Public” (RP2011-SP-013;
Millar) and it is aligned with a SynBio Research Centre grant (BB/L013940/1; Millar).
We would like to thank our colleagues within EST-Frame for engaging in several very
helpful discussions regarding RRI, as well as to Carmen McLeod, Sarah Hartley, and to
the editor and two anonymous reviewers for useful comments on earlier drafts of this

paper.

32



