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2. THEORETICAL BACKGROUND 
This thesis is theoretically informed by knowledge and insights provided by scholarship 

in science and technology studies (STS), public engagement, and science policy. In this 

chapter, I outline the main theories and concepts that have guided the action-oriented 

work, empirical analyses, and scholarly reflections that are presented in the subsequent 

chapters. 

2.1. SCIENCE, TECHNOLOGY, AND SOCIETY AS INTERWOVEN

The relation between science, technology, and society has long been presented as a linear 

one. Science produced in a value-free environment would result in findings that could be 

integrated into technological applications, which would then be channeled into society, 

where they would be adopted by societal actors (Godin, 2006; Macnaghten, 2020; Rip, 

1995).  In this linear understanding of the relation between science, technology, and 

society, the worlds of science (factual, technical, value-free) and society (social, rich in 

values and power dynamics) were presented as comprising two separate orders. Since 

the 1970s, STS scholars have criticized this linear understanding. They demonstrated how 

scientific research and technological development are themselves constituted by social 

activity (see for instance Collins, 1985; Knorr Cetina, 1981; Latour & Woolgar, 1979; Pinch 

& Bijker, 1987) and how the distinction between scientific processes and the development 

of technological applications appears artificial in the real world (Latour, 1987). In view of 

this understanding, STS scholars consider science, technology, and society to be deeply 

entangled and “co-produced” (Jasanoff, 2004); that is, science and technology influence the 

norms, values, and power dynamics in our societies and the other way around. For many, 

this also implies that science carries a certain moral responsibility for the knowledge and 

technological products that it produces. 

Besides the shifted theoretical understanding of the relationship between science, 

technology, and society, we have also witnessed several trends in the last few decades that 

have contributed to a deeper blurring of the boundary between science and society. These 

include, among others, (1) an enhanced focus on science policy that steers R&I toward 

strategic (economic) goals, (2) the increased importance that is attributed to the societal 

relevance of science as opposed to its academic relevance, (3) the commercialization of 

science, and (4) the resultant increase in distribution and heterogeneity of knowledge 

production sites, practices, and actors (Gibbons et al., 1994; Hessels & van Lente, 2008). 
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Moreover, public controversy over disruptive technological developments and disputes 

about the value of scientific evidence in debates on complex matters like climate change 

have pulled science out of its secluded expert-driven environment and into the public 

arena—which is full of contestation, value conflicts, and opposing ideals (Verhoeff & 

Kupper, 2020). 

2.2. DEMOCRATIZATION OF SCIENCE AND TECHNOLOGY 

The realization that science, technology, and society are intricately interwoven and the 

enhanced levels of controversy and contestation around science and technology have 

reoriented ideas concerning how science and technology should be governed. It is 

increasingly recognized that scientific and technical knowledge do not provide all the 

answers when it comes to governing R&I. This is especially true because science and 

technology generate or play into highly complex societal issues, which inherently involve 

value trade-offs (i.e., do we choose security over privacy, health over freedom of choice, 

knowledge over safety, etc.?). 

Whereas the linear understanding of the relation between science, technology, and 

society had been accompanied by highly technocratic forms of science policy, voices 

started to call for the “opening up” of discussion and decision making to a broader range 

of actors (Broerse & Bunders, 2000; Hagendijk & Irwin, 2006; Rip, 1995; Stirling, 2008; 

Sykes & Macnaghten, 2013; Wynne, 2002). New forms of “expertise” and “knowledge” 

(e.g., societal, user oriented) were welcomed to give shape to science and technology 

development through democratic deliberation. This also changed the image of “the public.” 

Instead of seeing members of the public as ignorant and in need of education to appreciate 

the value of science and technology (i.e., deficit thinking; Wynne, 1991), they now came 

to be valued as actors with their own relevant perspective that could challenge dogmatic 

attitudes in the R&I system (Bucchi, 2008). The inclusion of a broader range of actors 

also implied a redirection of the content of conversations around technological impact. 

Whereas technocratic discussions tend to focus on measurable impacts and quantifiable 

risks, the inclusion of societal actors actively invites the assessment of “soft” impacts, 

that is, how science and technology may change “human relations, values and identities” 

(Boenink et al., 2010, p. 2; Swierstra et al., 2009). This is considered particularly relevant 

in the context of emerging science and technology because of the inherent epistemological 

and ethical uncertainties that they contain (see Funtowicz & Ravetz, 1994). 
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The move toward democratic interactions in science and technology underpins various 

scientific traditions and approaches, such as postnormal science (Funtowicz & Ravetz, 

1993), Constructive Technology Assessment (Schot & Rip, 1996), transdisciplinary 

research (Thompson Klein, 2001), anticipatory governance (Barben et al., 2008; Guston, 

2014), midstream modulation (Fisher et al., 2006), and—recently—Responsible Research 

and Innovation (Von Schomberg, 2013; Stilgoe et al., 2013). Later in this chapter, I will 

elaborate on the last of these. However, before doing so, I will attend next to some central 

notions in the theory on democratic interactions: (1) citizen and stakeholder engagement, 

(2) dialogue and deliberation, and (3) and the emergence of new roles to mediate science-

society interactions. 

2.2.1. CITIZEN AND STAKEHOLDER ENGAGEMENT

Citizen and stakeholder engagement—also referred to as public engagement—is 

considered central to the democratization of science and technology. The more “upstream” 

(i.e., at an early stage of research and innovation) such engagement activities take place, 

the more impact they may have on the direction of actual R&I trajectories (Wilsdon & 

Willis, 2004). Although the need for early engagement is therefore often stressed in the 

public engagement literature, it does not come without practical challenges. After all, 

at an early stage it is difficult to envision R&I’s potential products and their impacts. 

The concerns with respect to the timing of public engagement are captured in the so-

called Collingridge dilemma (Collingridge, 1980). At an early stage it is easy to redirect, 

but difficult to predict. However, when more clarity on products and impacts emerges, 

redirection becomes difficult because of the solid investments in, and commitments to, 

these trajectories that have been made by then. 

In literature and in (policy) practice, the value of engagement processes is often reified by 

one—or more—of the following rationales (Fiorini, 1989; Stirling, 2008). First, the timely 

engagement of citizens and stakeholders may increase the likelihood that science and 

technology will be accepted by society (instrumental rationale). Second, the engagement 

of citizens and stakeholders is the right thing to do, because these actors have an interest 

in or may somehow be affected by the developments (normative rationale). Third, the 

engagement of citizens and stakeholders will contribute to better technological and 

scientific products and will make them more “societally robust” (substantive rationale). 

Whereas the latter two rationales align smoothly with the ideal of “opening up” science 

and technology, the instrumental rationale is often criticized for “closing down” in favor of 

incumbent interests if it is not linked to one of the other rationales (Stirling, 2008). 
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In practice, we can distinguish between engagement processes that directly feed into 

(policy) decision making or R&I practice (sometimes referred to as “consultation” or 

“participation”; Rowe & Frewer, 2005; Trench, 2008) and those that have a more distant 

relationship with spaces of influence (Davies et al., 2009). Much criticism has been 

voiced of engagement processes that have limited links to actual decision making. They 

are said to merely serve instrumental purposes—tempering societal concerns, instead 

of taking them seriously—and therefore undermine true democratization of science and 

technology (Thorpe & Gregory, 2010; Wynne, 2006). It may allow institutions to boast 

that they are democratic advocates while in reality they are not even interested in other 

perspectives, let alone in acting on them. Critics warn that in the long run, such dynamics 

may delegitimize the public engagement field in its entirety (Stilgoe et al., 2014). Without 

downplaying these concerns or the need for R&I (policy) responses, some engagement 

scholars have provided an alternative perspective on this matter. Davies & Horst (2016) 

and Selin et al. (2017), for instance, point out that engagement activities without strong 

links to decision making or R&I action may still be of value to the broader democratic 

landscape. They emphasize that such activities may contribute to the building of active 

scientific citizenship, impacting governance in the long term or via more indirect routes. 

2.2.2. DIALOGUE AND DELIBERATION

Engagement activities come in many shapes and sizes, but often involve some form of 

“dialogue.” This implies an exchange that is not focused on winning an argument or 

convincing the other, but instead strives for a collective exploration in which actors 

try to understand and learn from each other. It is a process in which meaning is 

collectively created rather than debated (Escobar, 2009). The term “dialogue” is often 

used interchangeably with the term “deliberation.” However, Escobar (2009) argues 

that the terms represent a different interaction process, with dialogue focusing on “open 

exploration” of perspectives and deliberation being more sharply focused on making a 

collective decision, which implies making a judgment amid competing perspectives. In 

many engagement activities, both dialogue and deliberation take place (Escobar, 2009). 

Note that in this thesis, the term “dialogue session” is employed in various chapters. The 

term refers to an engagement activity with a small group of citizens or stakeholders (or 

both combined) in which open exchange, exploration of perspectives and mutual learning 

among participants is central. 
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Creating an open exploration of R&I among actors is a challenging process as a result of, 

for example, interpersonal power play between participants (Davies, 2011; Mouffe, 1996), 

bias in the exchange of arguments (Cuppen et al., 2009), misunderstanding due to lack of 

a shared language (Pellizzoni, 2001) or frame of reference (Benard et al., 2014),  strategic 

behavior (Pellizzoni, 2001), and implicit or explicit dominance of expert perspectives over 

lay ones (Escobar, 2009; Kerr 2007). Some scholars claim that this last point is also incited 

by the format and character of many dialogue events, which often have a preference for 

abstract reasoning and cognitive forms of exchange over other modes of expression and 

learning, such as storytelling, material engagement, or emotion (Kuzmanovic and Gaffney, 

2016; Roeser et al., 2018; Davies et al., 2012; Selin et al., 2017). Other aspects of dialogue 

that deserve critical attention in terms of facilitating an open exploration include the 

framing of the dialogue topic (Chilvers, 2008; Kurath & Gisler, 2009) and the question of 

who is invited and who is not (Rowe & Frewer, 2000).

2.2.3. NEW ROLES AT THE SCIENCE-SOCIETY INTERFACE

The number of public engagement initiatives in R&I has proliferated in the past 20 years, 

resulting in what Chilvers (2012) describes as a professionalized “public engagement 

industry.” Against this backdrop, new roles have emerged at the science-society interface 

that specifically aim to design, implement, facilitate, and analyze democratic interactions. 

The profile of actors adopting such roles is diverse, ranging from (independent) consultants 

and NGOs to public institutions and social science and humanity (SSH) scholars. For lack 

of a better term, they have been described as public participation professionals (Bherer 

et al., 2017a) or public engagement practitioners (Marschalek, 2017). Their role is not 

an easy one to inhabit, because they have to negotiate between theoretical ideals and 

practical requirements (Bherer et al., 2017a). On the basis of input from public engagement 

professionals, Chilvers (2010) has pointed out that effective public engagement requires 

a range of expertise, including, among others, “understanding science,” “understanding 

institutions,” “political intelligence,” and “interactional expertise” (p. 27). In addition, 

various scholars have stressed the importance of appropriate facilitation skills to warrant 

democratic quality within the micro settings of conversational exchange (Chilvers, 2010; 

Escobar et al., 2014; Rowe & Frewer, 2005), managing power play, or polarizing dynamics 

(e.g., see the challenges of dialogue and deliberation outlined earlier). 

Despite the great influence that these actors have on the shaping of democratic interactions 

in practice, their role and perspective has remained relatively under-discussed in the 
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public engagement literature (Bherer et al., 2017b; Chilvers, 2010; Marschalek, 2017). 

This is surprising, because the professionalization of this role not only harbors benefits 

in terms of increased capacity building or emerging quality standards but also carries 

certain risks. These may include the creation of an “exclusive” profession that “alienates 

and disempowers” other actors to instigate engagement initiatives (Chilvers, 2010, p. 30) 

and the unproductive narrowing of methods and formats that are considered legitimate, 

which currently favor centralized, top-down approaches over those that are more 

spontaneous and bottom up  (Braun & Könninger, 2018; Chilvers, 2010; Voß & Amelung, 

2016).  

2.3. RESPONSIBLE RESEARCH AND INNOVATION 

Since 2010, Responsible Research and Innovation (RRI) has gained resonance in academic 

and European policy circles alike. The concept builds on earlier work related to—among 

other things—the democratization of research and technology, ethics, and anticipatory 

practices (Burget et al., 2017) and can be seen as an attempt to create a usable device 

for their further embedment in policy and R&I processes (Felt, 2017). RRI deliberately 

attempts to move beyond the identification of problems concerning technologies-in-the-

making to actively provide space for the articulation of new research and innovation 

pathways that align with the needs of and values in society (de Jong, 2015;  Felt, 2017). 

RRI functions as “a multifaceted” concept  (de Jong, 2015, p. 13). It provides a general notion 

of what constitutes “responsibility” in the R&I system, but offers sufficient flexibility for 

context-specific interpretation and application. Unsurprisingly, this multifaceted character 

has also resulted in the circulation of a multitude of RRI “definitions.” A frequently cited 

one is that of Von Schomberg (2013, p. 19), who explicitly takes a European policy 

perspective. He describes RRI as follows: 

A transparent, interactive process by which societal actors and innovators become 

mutually responsive to each other with a view to the (ethical) acceptability, 

sustainability and societal desirability of the innovation process and its marketable 

products (in order to allow a proper embedding of scientific and technological 

advances in our society). 

Equally renowned is the definition that Stilgoe et al. (2013, p. 1570) provide in one of their 

academic works: 
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Responsible innovation means taking care of the future through collective 

stewardship of science and innovation in the present.

These authors stress the similarity of their definition with the one provided by Von 

Schomberg, but deliberately choose a broader formulation in which they emphasize the 

prospective character of responsibility in RRI (i.e., care, responsiveness) as opposed to 

retrospective understandings (i.e., liability, accountability) that have proven difficult to 

apply in emerging technological fields because of their inherent uncertainties (also see 

Pellizzoni, 2004). RRI thus shifts the focus away from seeing responsibility as an outcome 

toward seeing responsibility as a process that takes place throughout all stages of research 

and innovation (Burget et al., 2017). 

Within this process, four dimensions are distinguished that help to concretize what a 

prospective take on responsibility may imply for the governance of R&I.  Together they 

make up a “framework” of RRI (Macnaghten, 2020; Stilgoe et al., 2013). These dimensions 

are inclusion, anticipation, reflexivity, and responsiveness. Although the sections below 

briefly attend to each of them separately, Macnaghten (2020) explicitly stresses that it is 

in the integration of these process dimensions and their embedment in R&I governance 

that the capacity resides to collectively “take care of the future” (p. 17). 

2.3.1. INCLUSION 

RRI’s inclusion dimension is strongly grounded in public engagement theory and its call 

to “open up” R&I governance to a broader range of voices. The “definitions” provided by 

Von Schomberg (2013) and Stilgoe et al.  (2013) clearly emphasize the collective character 

that responsibility is understood to have within the RRI framework. This implies that 

it is not just researchers and innovators that have responsibility for steering R&I into 

desirable directions but that societal actors also have a role to play. The RRI framework 

therefore actively encourages democratic deliberation and dialogue with citizens and 

stakeholders throughout the various stages of the research and innovation process. This 

includes the very early stages, in which it is still relatively easy to redirect R&I trajectories, 

since lock-in has not taken place yet. The exact form and scope of engagement approaches 

may vary depending on the specificities of the situation and the stage at which they take 

place. Nevertheless, the shaping of such approaches is not unproblematic in itself (Davies, 

2011b; Emery et al., 2015; Rowe & Watermeyer, 2018; Voß & Amelung, 2016b; Wynne, 

2007). Who decides which actors will be included? Who will frame the issues that are 

opened up for discussion? How will it be ensured that inclusive dynamics exist within 



Theoretical background

2

23   

dialogue and deliberation among different actors? A growing body of literature attends to 

questions like these, raising queries about the extent to which inclusive processes truly 

allow incumbent perspectives to be challenged (see the earlier section on citizen and 

stakeholder dialogue). 

2.3.2. ANTICIPATION 

The anticipation dimension points to the need to explore the potential impacts that an 

emergent technology or scientific process may generate. These impacts are understood 

in the broadest possible sense, including both “hard” and “soft” aspects (Swierstra et al., 

2009b) and covering areas such as ecology, the economy, health, social fabric, culture, 

politics, and ethics (Macnaghten, 2020). Anticipation requires actors to discuss possible 

and plausible scenarios, while also attending to the question of what future we consider 

desirable. This should not be mistaken for a naive attempt to predict the future; instead it 

should function as a way to build collective resilience in the face of inherent uncertainty 

about the coevolutionary dynamics between science, technology, and society (Barben et 

al., 2008; Guston, 2014; Macnaghten, 2020; Stilgoe et al., 2013). As described earlier in this 

chapter, anticipation poses a particular challenge for upstream engagement processes, 

where anticipation is requested at a very early stage of technology development. At this 

stage, anticipation is difficult not only for technological experts but also for citizens for 

whom the emerging developments are still highly detached from their lived realities or 

even, frankly, unknown. How can they become involved in anticipation under conditions 

of unfamiliarity and uncertainty? And how can this be done without pushing expert-

driven scenarios that may “prematurely narrow people’s imagination of possible future 

developments” (Felt et al., 2014, p. 234)? These are questions that have attracted increased 

analytical attention and practical experimentation (Davies, 2011a; Felt et al., 2014; 

Macnaghten, 2020; Marcu et al., 2014; Schwarz-Plaschg, 2018). 

2.3.3. REFLEXIVITY 

Reflexivity refers to a process that should take place at the level of both individual actors 

in R&I and institutions at large (Macnaghten, 2020; Stilgoe et al., 2013). It ties into the 

aforementioned realization that science and technology development are not neutral 

endeavors but harbor political dimensions. Reflexivity requires actors and institutions to 

pay explicit attention to these political aspects of their work. What values, commitments, 

and assumptions steer their activities? How do they influence their outlook on societal 

issues? In the end, reflexivity stimulates an awareness that multiple framings of science, 
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technology, and its societal issues exist and that framings that do not match technocratic 

understandings do not necessarily arise from a lack of knowledge about science or 

“the facts”. Although various sorts of experiments have been conducted regarding 

how to enhance reflexivity among R&I actors—for instance, via science-SSH scholar 

collaborations in a laboratory setting (Fisher et al., 2006; Schuurbiers, 2011), deliberative 

events (Carvalho & Nunes, 2013; Kupper & De Cock Buning, 2011; Van Der Meij, 2015) 

or specific courses for science students (Hesjedal et al., 2019; Betten et al., 2018)—it has 

proven difficult to foster reflexivity and reflexive learning at the institutional level (Pallett 

& Chilvers, 2013). Felt (2017) points out that in the current competitive and efficiency-

oriented research climate, reflexive work runs the risk of being molded into an unreflexive 

ritual, a “checkbox” exercise or an outsourced activity that remains completely detached 

from actual practices and decisions. 

2.3.4. RESPONSIVENESS

The final dimension is “responsiveness,” which has remained the least conceptualized 

dimension and the one that is the least referred to in the RRI literature (Burget et al., 

2017; Nielsen, 2016), yet carries most of RRI’s transformative promise. It basically links 

inclusion, anticipation, and reflexivity to subsequent action. Stilgoe et al. (2013, p. 1572) 

describe it as the “capacity to change shape or direction in response to stakeholder and public 

values and changing circumstances.” This requires the willingness of actors—including 

research funders and policy bodies—to adapt their course of action, but also requires 

sufficient room for maneuver at the institutional level. Responsiveness may be one of 

the hardest process dimensions to integrate into practice. This is reflected in the many 

reflexive, participative, and anticipatory activities that still remain disconnected from 

actual work and decisions in R&I (see critiques from Braun and Könninger 2018; Emery 

et al., 2015; Fisher & Maricle 2015; Hagendijk and Irwin 2006; Lehoux et al., 2020). What 

makes the realization of this dimension particularly challenging is that identified actions 

may run counter to or span beyond current responsibilities of actors and institutional 

boundaries (Arentshorst et al., 2014; Kloet et al., 2012; Schuurbiers, 2011). 

The RRI framework thus offers a highly ambitious take on how Europe could reconfigure 

the relation between science, technology, and society to work toward a desirable future.  

Evidently, it would be naive to think that the framework easily translates into practice. RRI 

needs to find its way in a system and time that are still strongly informed by the sentiment 

that technological innovation is key to economic and societal prosperity (Felt, 2017, 
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2018) and in which the “marketization” of research has become increasingly important 

(Glerup et al., 2017). This may limit the actual space that is available to critically reflect 

upon R&I purposes and its trajectories. Moreover, the multifaceted character of the 

concept—crucial for its usefulness across R&I (policy) settings—also provides space for 

reinterpretations that implicitly or explicitly reproduce linear framings of the relationship 

between research, technology, and society (Burri, 2018; Hartley et al., 2017; Randles et al., 

2016; Rip, 2016; Wickson & Carew, 2014). One must not forget that the reconfigurations 

put forward in the RRI framework are of substantial character and may not always be 

welcomed by those actors holding a powerful position in the incumbent system. For 

scientists and scientific institutions, for instance, the notion of taking responsibility for 

the future may come at the cost of their perceived autonomy (Guston, 2012), as may the 

idea that societal voices should have an influence on decision making in R&I (policy).

The last six years have been characterized by extensive experimentation with the concept 

of RRI within the Horizon2020 program of the EU, yet many questions still remain open 

regarding the “how,” “what,” “when,” and “with whom” of these practices. In the end, RRI 

is a concept that advocates a shift in both institutional cultures and structures. Such 

profound shifts are inevitably accompanied by contestation, conflict, and tensions. Yet it is 

in the negotiation between theoretic ideals and the complexities of practice that lessons 

may be learned that could ensure that RRI becomes a device that has value and impact in 

practice.  


