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cience and technology are not only technically constituted but interwoven with 

matters of meaning, values and power; our social relations are in our science and 

technology and vice versa (Jasanoff 2004; Law and Callon 1988; Winner 1978, 1993). A 

classic example to illustrate the social construction of technology is that of the introduction 

of the contraceptive pill. In 1967 Time magazine placed an image of contraceptive pills in 

the shape of the Venus symbol on its cover that marked its importance for the 

emancipation of women. Another illustrative example is the cochlear implant (CI); an 

electronic device that mimics the work of damaged parts of the inner ear to provide sound 

signals to the brain. Van der Wilt et al. (2000) describe how, in developing and assessing 

these devices, the deaf perspective was overlooked which resulted in an initial mismatch 

between technology and users. Deaf communities expressed discontent because the 

development disregarded deaf culture, and expressed how CIs symbolized current society’s 

disregard of their cultural identity.   

 

S 
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Both examples illustrate the dimensions of ethics, values, and power within the epistemic, 

material and social formations that constitute science and technology and show the 

dynamic interaction between science & technology and society. This thinking of natural 

and social orders as being produced together is called “co-production” (Jasanoff 2004). The 

research and experiments presented in this thesis build on this conception of how our 

worlds are constituted, and attempt to put these insights into practice.  

1.1 Synthetic biology as technoscience  

This thesis focuses on the science and technology field of Synthetic Biology. This field 

embodies the above described kinds of co-productive relationships in which natural and 

social orders are being constructed and shaped together, blurring the boundaries between 

science and technology (see also: Balmer, Bulpin, and Molyneux-Hodgson 2016). 

Synthetic biology can thus be regarded as technoscience (Latour 1987), a field that is both 

cognition-based as well as founded on principles of design and engineering (Gelfert 2013; 

Grunwald 2015; Schmidt, Kelle, et al. 2009). Next to the blurring of boundaries between 

disciplines and epistemological assumptions, it is the intricate network of actors beyond 

disciplines (Law 1987; Weber 2010) as well as the ‘hybridization’ of dualisms, such as 

nature/culture and human/machine (Haraway 1991) that characterizes synthetic biology as 

technoscience.  

Considering this heterogeneous character, synthetic biology has the potential to change 

our worlds – and our ideas of our worlds – and is inherently a contentious matter (Calvert 

2010; Deplazes, Ganguli-Mitra, and Biller-Andorno 2009; Jasanoff 2005; Weber 2010). As 

discussed by Evans and Frow (2015) synthetic biology is often described in terms of its 

transformative capacity, having the potential to lead to significant industrial, medical, 

agricultural, and environmental applications (Agapakis 2013; Benner and Sismour 2005). 

Considerations of synthetic biology include new prospects for design of biological 

technologies,  knowledge production, and our understanding of biology (Agapakis 2013). 

They also include challenges and concerns regarding the development and futures of 

synthetic biology, such as issues of safety and security (Schmidt, Ganguli-Mitra, et al. 

2009), sharing and ownership (van den Belt 2010; Calvert 2012), and access and 

distribution (Deplazes et al. 2009). Shedding a profound new light on biology and 
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controlling biology, synthetic biology also raises questions related to the meaning of 

(human) life and anthropocentrism (van den Belt 2009), the value of DNA, and the risks of 

genetic determinism (Novas and Rose 2000). All these considerations affect the interpretive 

frameworks we use to make sense of our world, and at the same time, our worldviews 

shape the way we look at these considerations.  

Synthetic biology is subject to an uncertain future; we do not know what kind of 

applications the technology will give rise to, and how these applications will be socially 

embedded (Rip 2012). Aspects of technological development are also distinguished as factual 

and conceptual uncertainties - not only outcomes are uncertain, how to articulate and 

address what are relevant questions also remains up for debate (e.g. Kaebnick, Gusmano, 

and Murray 2014). Swierstra and te Molder (2012) describe how impacts of technology are 

often classified as either hard (quantifiable and value-free) or soft  (related to the social and 

ethical) impacts. Although these differentiations expose double uncertainties and urge us to 

ask questions about all possible consequences as well as how to approach asking these 

questions, they can also be seen as reflective of the fact-value dualism (Sayer 2011; 

Swierstra and te Molder 2012). Similar to the interwoven character of the social and natural 

as described above, uncertainties can be, at the same time, factual and uncertain at the same 

time, and many impacts are not easily classified as hard or soft. In this debate about facts 

and values, discussions around risks and risk assessment are particularly relevant interesting. 

As Jasanoff (2003:224) refers to Beck (1992):  “Risks are endemic in the way that contemporary 

societies conduct their technologically-intensive business.” By being intrinsically normative 

technological risks give rise to issues that affect the domains of politics.  

1.2 Inclusive deliberation of science and technology 

To address these complex matters of ambiguity, plurality and uncertainty, the processes of 

“appraisal and commitment in social choice of technology” should be “opened up” (Stirling 

2008). Since the 1980s, policy attention has been directed to the development of new 

approaches and methods for wider engagement in the governance of science and 

technology, for instance in the form of (constructive) technology assessment (Grunwald 

and Achternbosch 2013; Rip, Misa, and Schot 1995) and public engagement with science 

(Stilgoe, Lock, and Wilsdon 2014). Currently, this ideal of inclusive deliberation is 
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captured under the umbrella term of Responsible Research and Innovation (RRI) (von 

Schomberg 2013; Stilgoe, Owen, and Macnaghten 2013). RRI aims for a transparent and 

interactive process in which innovators, societal actors, and citizens together give shape to 

sustainable, appropriate and desirable science and technology development pathways 

(Macnaghten, Owen, and Jackson 2016; Stilgoe et al. 2013).  

As signaled by the continuous development of these approaches to open up science and 

technology, inclusive deliberation is essential but remains complex (Jasanoff 2003; Marris 

and Rose 2010; Owen, Macnaghten, and Stilgoe 2012; Stilgoe et al. 2014, 2013; Sturgis 

2014; Wynne 2006). The complexities of ambiguity, uncertainty, and plurality as described 

above do not only require deliberation – they also complicate such deliberation. In this, we 

recognize that more space should be given towards public meanings attached to science 

and innovation (Stilgoe et al. 2014) in deliberative models that integrate science and values, 

and stimulate reflection and social learning rather than emphasize prediction and control 

(Jasanoff 2003).  

In order to further understand how we can organize meaningful deliberation, we argue 

that we should also look into the context in which deliberation takes place. Here, we 

borrow from the field of deliberative democracy. Deliberative democracy is a field of 

political inquiry that is concerned with the broadening of decision-making. Rather than 

other forms of collective decision-making, such as voting, deliberative democracy builds 

on the normative ideal that everyone who is subject to decisions has the right to participate 

in decision-making. Several scholars have invested in the notion of deliberative democracy 

(Bohman 2000; Dryzek 2000; Elster 1998) with the aim to understand the mechanisms of 

such a democracy and to shape politics on a wider scale so that all political decisions 

become essentially deliberative. But how is such deliberative democracy shaped, and what 

can we learn from it for a meaningful deliberation around emerging technologies?  

Dryzek (2000) argues that effective deliberation can only be at the core of democracy if 

such deliberation is authentic, inclusive and consequential. In this thesis, we assume these 

three conditions for effective deliberation as conditions for meaningful deliberation. As 

defined by Dryzek (2000), authenticity is seen as the extent to which deliberation “induces 

reflection in noncoercive fashion, connect particular claims to more general principles, and exhibit 
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reciprocity”. ‘Inclusiveness’ applies to the range of interests and discourses present in a 

political setting.  ‘Consequential’ means that deliberative processes must have an impact 

upon collective decisions, or social outcomes.  

1.3 A public sphere perspective 

In terms of where public deliberation should take place according to democratic theory, 

scholars often draw their inspiration from the classic works of theorists such as Hannah 

Arendt (1958) and Jürgen Habermas (1962). Both expressed the need for a public space or 

arena to counterbalance the pressures of the state and the market. In this thesis, we attend 

to this need by taking on a public sphere perspective. The public sphere can be understood “as 

a space of public discourse, opinion forming, and controversy; citizens meet in the public 

sphere to discuss how they wish to live together in society, to scrutinize political decision 

making, and to give meaning to public life” (Joss 2002:220). The notion of the public 

sphere has been transformed and re-visited by various other scholars (Fraser 1990; 

Pellizzoni 2003), to underscore its divided, uneven, and/or excluding nature – and the 

issues thereof. As Pellizzoni (2003) argues, the fragmented nature of the public sphere 

obstructs the institutionalization of an inclusive approach that the complexities, also called 

“radical uncertainty”, discussed above inevitably require. Following this viewpoint, we aim 

to use the concept of the public sphere to broaden our perspective on inclusive 

deliberation. 

This normative notion of a public sphere provides us with the necessary angle for this 

thesis. It is our aim to further understand how people give meaning to synthetic biology, 

not only to improve deliberative practices, but also to further how our society ‘as a whole’ 

can flourish more in terms of being included in the democratization of science and 

technology. Therefore, we have formulated the following aim: 

To unravel and facilitate meaning making and reflection regarding the responsible 

development of synthetic biology in order to contribute to an appropriate public sphere for 

meaningful deliberation 
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1.4 Structure of this thesis  

This thesis comprises 10 chapters. In chapter 2 we will elaborate on the concepts and 

theories this thesis uses and contributes to. Chapter 3 presents the research approach and 

methodological design of the thesis. We will present our findings in the chapters 4-9. In 

chapter 10 we will revisit the main research questions, discuss our results and reflect on 

strengths and shortcomings as well as possible future steps. 
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n the previous chapter, we aimed to show the importance as well as the challenge of 

inclusive deliberation of emerging technologies such as synthetic biology. In this 

chapter, we will first provide further characteristics of synthetic biology that are of 

relevance for this thesis, and second, provide the conceptual and theoretical underpinnings 

of this thesis.  

2.1 Further characterization of synthetic biology 

As we discussed in the introduction, synthetic biology can be regarded as technoscience in 

which, among other things, various approaches to knowledge production are intertwined. 

Many scholars emphasize and describe the epistemologically diverse character of synthetic 

biology (Deplazes 2009; Kronberger 2012; O’Malley et al. 2008). For instance, O’Malley et 

al. (2008) outline three broad categories of synthetic biology: DNA-based device 

construction, genome-driven cell engineering, and protocell creation, each with their own 

aims, techniques, and agendas. Categorizations like these not only help to understand the 
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diversity of the field, they also highlight the inherent interdisciplinary character of the field, 

as well as the wide variety of problems and applications that current synthetic biology 

research focuses on. By designing and building novel biomolecular components, networks 

and pathways, and using these constructs to reprogram various organism synthetic biology 

aims to address a wide diversity of problems, aiming to develop targeted therapeutics, 

synthetic vaccines, biofuels, biosensors, gene therapies, raw materials, artificial odors and 

flavorings (Benner and Sismour 2005; Kahl and Endy 2013; Khalil and Collins 2010).  

Considering the many sub-disciplines within the field, as well as the strong connections to 

and overlaps with adjacent fields such as systems biology (O’Malley et al. 2008), it is 

necessary to explore epistemic differences and values (Nordmann 2015; O’Malley et al. 

2008). As Nordmann (2015) discusses, different epistemic communities have different, 

sometimes conflicting, interpretations of notions of understanding, rationality and design. 

Despite having overarching goals and aims, and overlapping approaches and tools, it is 

argued that the heterogeneity of the field requires attention when considering assessment 

or deliberation (Balmer, Bulpin, et al. 2016; Deplazes 2009). 

Synthetic biology’s interdisciplinary character is also visible in the so-called “iGEM 

competition”. The iGEM competition1, which stands for ‘international Genetically 

Engineered Machine competition’, is a large worldwide student competition in the field of 

synthetic biology. Each year teams of students work together in projects building 

genetically engineered biological systems with standard, interchangeable parts. The 

competition is recognized to have significant influence on the development and future of 

synthetic biology (Balmer and Bulpin 2013; Guan et al. 2013; Smolke 2009; Stemerding 

2015) for several reasons that are of relevance here. As an integral part of the competition 

student teams also have to engage in so-called ‘human practices’ work, in which they 

explore the ethical, legal, and social aspects of their innovation projects (Balmer and Bulpin 

2013). Partly through this component of the competition iGEM becomes a space where 

                                                

 

1 www.igem.org 
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various disciplines engage in socio-technical work, with the aim to address a broad variety 

of issues and impacts (Stemerding 2015). Even though the positive aspects of the 

competition are recognized by many, they are also still being discussed in terms of, for 

instance, division of labor and real accessibility (Balmer and Bulpin 2013) and the level of 

increased safety awareness it yields (Guan et al. 2013). These tensions, as well as the 

investment of key researchers and scholars from diverse fields, and the involvement of and 

sponsorship by various other organizations and institutions2 make the iGEM competition 

an important element of the heterogeneous character of the field of synthetic biology. 

In conclusion, we argue that the epistemologically diverse, interdisciplinary, fast-growing 

and fast-changing nature of synthetic biology is of relevance in considering meaningful 

deliberation. Considering the dynamics as sketched in the introduction, as well as the 

complex nature of the field of synthetic biology, the question of how to design and 

organize deliberation is a challenging one. When and where should reflection take place, 

and who should be involved? And how do we reflect? 

2.2 Democratic deliberation in science and technology 

Many scholars have argued for democratic deliberation in which science and technology is 

opened up to a wider range of actors (Broerse and Bunders 2000; Feenberg 1999; 

Hagendijk and Irwin 2006; Jasanoff 2003; Mitcham 1999; Nowotny, Scott, and Gibbons 

2001; Rip et al. 1995; Weldon 2004; Wynne 2002). This opening up has previously been 

conceptualized in terms of transdisciplinary research (Thompson Klein 2001)3, post-normal 

science (Funtowicz and Ravetz 1993), and mode-2 knowledge production (Gibbons et al. 

                                                

 

2 To name just a few sponsors, partners, or affiliative organizations: Integrated DNA technologies (IDT), 

the Open Philantrophy Project, Genscript, Agilent, the American Federal Bureau of Investigations (FBI), 

Syngenta, SYNENERGENE, the Dutch National Institute for Public Health and the Environment 

(RIVM) 

3 See more on transdisciplinary research in chapter 3 of this thesis. 
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1994; Nowotny et al. 2001). Some approaches to democratic deliberation are designed to 

facilitate dialogue between citizens, such as consensus conferences (e.g. Einsiedel and 

Eastlick 2000), citizen panels, or public advisory boards. Other approaches focus on 

facilitating interaction and dialogue between different stakeholders (including the public) 

in the innovation process, such as Midstream Modulation (Fisher, Mahajan, and Mitcham 

2006), Constructive Technology Assessment (Rip et al. 1995), real-time Technology 

Assessment (Guston and Sarewitz 2002), and multi-stakeholder dialogue (Benard, 

Schuitmaker, and de Cock Buning 2014; Roelofsen et al. 2011). Because of their relevance 

for this thesis, we will further elaborate on the real-time TA and multi-stakeholder 

dialogue approaches, and the component of ‘future making’ in the following sections. After 

that we will elaborate on Responsible Research and Innovation as the current EU policy 

framework that encompasses the collective efforts to open up science and technology. 

Real-time Technology Assessment  

In response to a growing awareness of risks and unintended side-effects, the practice of 

Technology Assessment (TA) emerged in the 1970s in the US and Europe. The first 

generation of TA was as a prominent expert-led approach to early identify and warn 

politics and society of potentially negative consequences of technological developments. 

Initially the focus was on the so-called “hard” impacts (Swierstra and te Molder 2012) of 

science and technology development: (semi-)measurable risk for the economy, health, and 

the environment, leaving implicit ethical issues aside (Stilgoe et al., 2013). As described by 

Rip et al. (1995) the first forms of TA failed to bridge between what they call “promotion” 

(optimizing the benefits) and “control” (minimizing the negative consequences) of new 

science and technology. To address these issues, TA underwent several transformations, 

each responding to new insights in the governance of technology.  

Most prominently there was a turn towards more deliberation and inclusion at early stages 

of development, such as seen in constructive TA (CTA) or interactive (iTA), both focusing 

more on issues of socio-technical nature, yet slightly different in focus (CTA focusing 

more on the innovation process, iTA more on the interaction between stakeholders) (Rip 

et al. 1995; Smits, Leyten, and den Hertog 1995). The impacts of CTA, as described by 

Roelofsen (2011), depend largely on how the processes are shaped, the level of initial 
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commitment, and the work demands that stakeholders experience outside the CTA 

process. These barriers might be addressed by organizing CTA as a learning process in 

which commitment and the possibility to adapt and adjust are made more explicit (Benard 

and de Cock Buning 2013; Roelofsen et al. 2011). Two examples of approaches that have 

this take on TA as a learning process are real-time TA and multi-stakeholder dialogue. 

As described by Guston and Sarewitz (2002) real-time TA differs from CTA in three ways: 

it is more embedded in the knowledge creation process, it aims to investigate how 

perceptions and values are evolving over time, to enhance communication, and to identify 

emerging problems, and it  aims to integrate socio-technical mapping and dialogue with 

retrospective as well as prospective analysis. We will describe this ‘prospective’ capacity 

after the following section. 

Multi-stakeholder dialogue 

Another approach that aims to facilitate learning between a variety of stakeholders is called 

the ‘multi-stakeholder dialogue’ (MSD). Multi-stakeholder dialogues are often held in the 

context of overarching initiatives, such as TA. MSDs are used to realize mutual learning 

and to integrate knowledge in a deliberative process (Broerse and de Cock Buning 2010). 

Here, a key component is organizing a dialogical process rather than debates or discussions 

between a diverse group in order to increase learning potential and enrich the dialogue 

(Benard and de Cock Buning 2013). Another key component is the revealing and 

confrontation of different underlying stakeholder perspectives (Breukers et al. 2014). There 

are several challenges to MSDs. The issue of power play for example, and the notion that it 

takes a while for stakeholders to get used to working together (Benard 2014). Therefore, it 

is essential that an MSD process helps to align the diverging expectations, needs, and 

interests of stakeholders, so that future options and solutions can be explored (Breukers et 

al. 2014). An MSD can be designed for the specific context of its aim. In this sense we wish 

to highlight the element of playfulness as a key design component of an MSD (van der 

Meij, Broerse, and Kupper 2017). As van der Meij et al. describe, incorporating playfulness 

in reflection and dialogue has the potential to increase flexibility and inventiveness, invoke 

intellectual curiosity, stimulate the in-depth exploration of viewpoints and generate frame 

reflection. 
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Future making  

Future-oriented tools and dialogues have the potential to build reflexivity into the design 

and development of emerging technologies, and are therefore a key component in all 

variants of technology assessment and dialogue that aim to contribute to “anticipatory 

governance” (Barben et al. 2008). Here, ‘anticipatory’ is described in term of our collective 

ability to “imagine, critique, and thereby shape the issues that are presented by emerging 

technologies” (p.992). As described by Selin (2008), future-making methodologies are a 

means to analyze the explicit and implicit stories that are embraced and circulated in 

coping with futures that are known and unknown. The construction of future scenarios can 

play an important role in future-making (Lucivero 2012). Scenarios are visions of the 

future of possible technological developments in which the variations of their embedding 

in society are given a more concrete shape. It is a way of virtually conceiving the 

plausibility and desirability of innovations, in which social and technical elements are 

connecting in a temporal unravelling of events (Selin 2011).  

A specific role for scenarios is the incorporation or reflection of specific ethical discussions 

of emerging technologies. Swierstra and Rip (2007) have described general patterns of 

argumentation, the “grammar” that constitutes ethical discussions of new and emerging 

technologies (NEST) (Swierstra, Stemerding, and Boenink 2009). As described by 

Swierstra et al. (2009): “this grammar can be applied to explore at forehand the moral 

controversies and even the moral changes that are provoked by these technologies. In the form of 

alternative techno-moral scenarios these explorations can be used to inform and enhance public 

deliberation on the desirability of the NEST in question”. Understanding these patterns of 

argumentation is key in increasing the prospective capacity of future-oriented deliberation. 
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Responsible Research and Innovation 

Owen et al. (2012) describe Responsible Research and Innovation (RRI)4 as the collective 

responsibility that requires active involvement of a wide variety of actors in integrated 

processes of anticipation, reflection and inclusive deliberation, closely tied to processes of 

policy-making and decision-making. The concept is still evolving, being advanced by 

academic scholars, political and administrative actors and other stakeholders in science and 

technology (de Jong 2015). RRI scholars highlight several key elements and focus points 

that embody what RRI is about. For instance, seeing RRI as a form of anticipatory 

governance, its aim to contribute to positive outcomes of innovation is a key focus point 

(Wiek, Guston, and Leeuw 2013). Another characteristic is the shift from individual to 

collective responsibility, as well as the focus on processual responsibility – rather than 

outcome-based (von Schomberg 2013; Stilgoe et al. 2013). De Jong (2015) formulates two 

central tenets of RRI: first, the inclusive deliberation on purposes, processes and products of 

science and innovation (the reflection aspect of deliberation), and secondly the possibility 

to influence decisions on goals, processes and societal embedding (the subsequent actions). 

The approach of real-time TA and the multi-stakeholder dialogue method, as efforts in 

democratization of science and technology, as well as the key component of future making 

in these approaches, would currently fall under the banner of ‘Responsible Research and 

Innovation’.  

To make sense of the move towards a collective and shared responsibility for both the 

processes and outcomes of research and innovation, Stilgoe et al. (2013) developed a 

framework for RRI. This framework, as they argue, should not be seen as a toolkit, but 

rather as “a way to guide governance developments in order to enable social learning and empower 

social agency” (p.1577). Their framework explores four dimensions of RRI: anticipation, 

inclusion, reflexivity, responsiveness, and. According to Stilgoe et al. (2013), anticipation 

can be described as the capacity to recognize complexities and think systemically, thereby 
                                                

 

4 See for example Owen et al. 2012 or Stilgoe et al. 2013 for initial efforts in conceptualization of RRI, 

see for example de Jong 2015 for further operationalization of the concept of RRI. 
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revealing a socially robust agenda for (risk) research and innovation; inclusion can be seen 

as a learning process in which new modes of deliberation go beyond engagement with key 

stakeholders, thereby also opening up discussion of future social worlds; reflexivity entails 

‘‘holding a mirror up to one’s activities commitments and assumptions, being aware of the limits of 

knowledge and being mindful that a particular framing of an issue may not be universally held’’; 

and responsiveness concerns the capacity to change shape or direction in response to 

stakeholder and public values and changing circumstances. 

So, if we look at synthetic biology from an RRI perspective, what is then its current status? 

According to Macnaghten et al. (2016) there have been many valuable experiments 

involving responsible innovation in synthetic biology. However, as they expose, these 

experiments can be characterized in terms of their creativity and knowledge co-production 

but also in terms of tension, as responsible innovation “makes visible, and challenges, the roles 

and responsibilities of scientists and social scientists in this emerging collaborative and 

interdisciplinary endeavour” (p.353). If we consider this ‘collaborative endeavor’ in terms of 

complexities around synthetic biology as technoscience we recognize the necessity to 

enhance reflection on our individual and collective responsibility. As also pointed out by 

Stemerding et al. (2010) and Swierstra et al. (2009) the dynamic character of our 

technological culture demands different approaches to morality and ethical reflection itself.  

2.3 Meaningful deliberation: moral reflection, values 

While engaging citizens and other stakeholders in a meaningful way is argued to be 

pertinent, an important question remains: how can deliberation be meaningful? 

Particularly for emerging technologies that are yet to mature and materialize – such as 

synthetic biology – several difficulties for meaningful deliberation can be identified. For 

instance, deliberation on emerging technologies with an uncertain future, needs to account 

for a broad variety of perspectives and expectations with different underlying values and 

emotions. In addition, as emerging technologies are at least to some extent inherently 

unknown, a common vocabulary for mutual understanding is lacking. These issues 

necessitate an understanding of how participants give meaning to emerging technologies, 

and a reflection on framing that includes values, emotions and moral imagination – 

perhaps more than the rational reflection commonly understood under RRI. In addition, 
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the lack of a common vocabulary and the use of potentially conflicting framings calls for 

efforts to stimulate reconceptualization of concepts and identities.  

Meaning making 

‘Meaning making’ and ‘sense making’ are both terms that are used to describe processes in 

which people think and reflect on things they have experienced. Although both terms are 

often used to describe the same, the term ‘meaning making’ is seen more often in 

psychology and science education literature, whereas the term ‘sense making’ is particularly 

used in organization theory (Weick 1995). With regard to the latter, the term is also used 

for sense making processes on a supra-individual level. Since the focus of this thesis is on 

individual reflection, we prefer to use the term ‘meaning making’. Adding to this is the 

distinction we make between passively giving a meaning to something, and actively being 

in a process of giving meaning. While both acts of thought are of relevance for thesis, we 

emphasize that is also important to take a close look at the act of meaning making.   

Framing  

One characteristic feature of such meaning making practices is framing. The concept of 

framing (or frames) has been widely studied in social movement studies (Benford and 

Snow 2000), communication science (Besley and Nisbet 2013), and policy analysis (Schön 

and Rein 1995). Here, we follow Schön and Rein’s approach to framing practices, for these 

authors connect the concept of framing to the way people set problems and search for 

solutions in debates about issues marked by uncertainties and ambiguities. As Schön and 

Rein’s argue, controversies in society have more to do with how problem are set than with 

how they are solved. According to Schön and Rein, the positions that people take in such a 

debate about problems rest on underlying structures of belief, perception and appreciation. 

They called these structures ‘frames’: the perspectives that people use to make sense of a 

complex reality and to guide their actions. These frames determine how people, 

confronted with an ambiguous and uncertain situation, turn that situation into a 

potentially problematic situation by selecting different features and relations that become 

the main elements of the so-called problem-setting story.  
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As Schön and Rein (1995) have demonstrated, this process of naming and framing, by 

which a specific view of social reality is constructed, proceeds through generative 

metaphors, “one thing is seen as another.” The metaphorical character of framing is 

especially relevant for the context of the synthetic biology debate, in which metaphors are 

often used to explain and express the technology and its applications. For example, the 

features and relations that are named may include the bricks of life, the code of life, 

bacterial factories, the reading and writing of DNA, programming cells, etcetera (Hellsten 

and Nerlich 2011). By naming the features of a situation, actors draw on a language that 

reflects their understanding of that particular situation (Hulst and Yanow 2016). 

Furthermore, naming selects what should be seen and what should not be seen. Each 

problem-setting story places the selected set of features and relations within the frame of a 

particular context; for example, the development of new drugs and therapies, economic 

profit or the conservation of biodiversity. As Yanow and van Hulst (2016) have 

recognized, Schön and Rein’s (1995) approach to framing is particularly suitable for 

understanding interactions between different perspectives in policy arenas and public 

spaces.  

On emotions  

As pointed out by Roeser and Pesch (2016) deliberation can be argue to be ‘over-

rationalistic’, overlooking the role of emotions. According to Roeser (2011, 2012) this 

problem exists because of a dominant, but false, dualist view of reason and affect. As 

described by Sayer (2011), referring to Archer (2000), humans are sentient, evaluative 

beings who not only just think and interact but evaluate things, including the past and the 

future. In other words: “we are beings whose relation to the world is one of concern” (Sayer 

2011:2). Emotions play a large role in thinking, interacting and evaluating, emotions are 

always about something, you can be (feel) proud of something, angry about something. 

Emotions are often intertwined with mood, temperament, personality, disposition, and 

motivation. Cognition is an important aspect of emotion (Greene and Haidt 2002; Roeser 

2009). Emotions also involve the “pursuit or avoidance of change of some sort” (Sayer 

2011:38), and they can inform us in the process of moral judgment. As Sayer (2011) argues: 

emotions are a source of information, that can assist rather than obstruct the process of 

reasoning. The relationship between emotions and moral judgment is described as a 
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combination of affective and cognitive processes (Greene and Haidt 2002; Sayer 2011; 

Zagzebski 2003). In terms of meaningful deliberation of synthetic biology, this signals that 

more attention should be paid to (the role of) emotions in communication, discussion, and 

reflection. 

Re-conceptualization  

In order to be able to discuss synthetic biology meaningfully, we need to understand as well 

what it is that technology does with us. Not only in terms of emotions, as addressed above, 

but also in terms of the way we live and see our lives. The concept of ‘technomoral change’ 

refers to this impact technology might have on established moral norms and values 

(Swierstra 2013). In describing how nanotechnology might cause ethical innovations, 

Swierstra (2013) describes four points that are also of relevance for synthetic biology – we 

will therefore describe the points more specific to the context of this thesis. 

First, a shift might take place with regard to the importance of different ethical problem 

fields or “grammars” (see above). As Swierstra (2013) describes, public ethics is usually an 

ethics based on rules. Connected to our discussion on emotions, ‘good life ethics’ – the 

ethics based on what we value and deem important in life -  is often dismissed as subjective 

and private. Just as Swierstra (2013) observes how the far majority of ethical discussions on 

nanotechnology revolves around issues of toxicity and environmental impacts, we observe 

a similar (yet not as large as in the context of nanotechnology) emphasis on safety and 

security issues in the synthetic biology debate (the “hard” impacts, as we described in our 

introduction, see also Swierstra and te Molder 2012). This emphasis currently leads to a 

dominant ethics discourse of consequentialism and deontology, but we might see a shift 

towards ‘good life ethics’ when other questions are being asked. We refer here to the work 

of Marris (2014:96) who explains that there is still much work to do in terms of the ethical 

questions we discuss: “synthetic biology’s ELSI-work5 has neglected key questions: Is accelerating 

commercialization necessarily a contribution to the public good? Under what conditions can the 

                                                

 

5 ELSI refers to ethical, legal, and social issues 
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desired anticipated benefits be realized? How do solutions provided by synthetic biology compare 

to alternatives, including alternatives that involve no cutting-edge science? Who has defined the 

problems that need tackling, and how?”. Perhaps different from nanotechnology (or at least, 

nanotechnology five years ago) these questions are being asked in the public sphere, but 

they do not seem to find their way to the community who devotes their professional time 

to this task (Marris 2014). 

A second point that Swierstra raises is how nanotechnology, in our case synthetic biology, 

affects ethics in terms of “the identification of who, or what, belongs to the moral community of 

subjects whose rights and interests should be taken into account by other agents”. As Swierstra 

(2013:201) explains, ‘moral progress’ can be understood by seeing it as the gradual 

expansion of the moral community as to include “strangers, women, slaves, children, animals, 

micro-organisms, plants...”. This point of relevance for synthetic biology for the same reason 

as it is for nanotechnology: the aim of re-constructing or modifying nature turn all of 

nature into a moral subject.  

A third point that Swierstra describes as to how ethical innovation might occur deals with 

the expansion of ethical reflection to the realms of science and business, which were, as 

Swierstra explains, for a long time not seen as sites of ethics. Business for the reason that it 

was supposedly governed by self-interest and thus not a place to reflect on the common 

good, science because it was considered to be a rational and truth-seeking process and by 

that morally unproblematic. For nanotechnology as well as for synthetic biology we have 

witnessed many changes in this regard, for example in the rise of RRI (and the approaches 

before that) and the concept of corporate social responsibility. In the context of synthetic 

biology, as technoscience, practices of industry and science are interlinked to a high extent 

which might influence this trend of expansion even further.  

Finally, the fourth shift that Swierstra describes also concerns these dynamics of 

technoscience: the increasing ‘entanglement’ of humans and technologies and the 

implications thereof for ethics. Swierstra describes how these insights into entanglement 

gave rise to new forms of (posthuman) ethics that also includes non-human agents 

(referring to the work of Latour 1992; and Verbeek 2011). Another characteristic of 

technoscience that requires increased reflection on the individual and collective 
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responsibility is that of the complexity of the network that it constitutes. A last point is 

made with regard to the dynamic character of our technological culture, as described 

above, that necessitates “dynamizing morality, and ethical reflection, itself” (p.202).  

The symbolic order  

In making sense of new technologies we rely on the symbolic order, central pairs of 

categories that we use to make sense of ourselves and the world, such as man – woman, 

body – mind, human – machine, etc. As described by Smits (2006), during the 

appropriation process of new technologies existing social and technical orders are mutually 

shaped. Confusion arises when distinctions between the conventional categories are not as 

obvious anymore (Swierstra, van Est, et al. 2009). Swierstra et al. (2009:278) describe how 

the perspective of synthetic biology (e.g. to create new living organisms) might be at odds 

with other perspectives that inform our lives, such as the acceptance of ‘handicapped life’. If 

synthetic biology blurs lines between the material and informational, and the natural and 

artificial, and those are the categories we use to discuss and evaluate technoscience, then 

these classifications should also be subject to on-going reflection. Technological 

innovations therefore require the re-assessment of concepts, especially with the aim of 

meaningful deliberation. This process of re-conceptualization is most needed to take a 

more proactive stand towards world-changing technologies. 
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n the previous chapters, we have argued that in order to work towards more 

meaningful deliberation between a wide variety of actors we need to know more 

about the different ways of meaning making and reflection these actors (might) engage in. 

The primary objective of this thesis is therefore:  

To unravel and facilitate meaning making and reflection regarding the responsible 

development of synthetic biology in order to contribute to an appropriate public sphere for 

meaningful deliberation 

Based on this objective we have formulated two main research questions: 

• How can we design and facilitate reflexive modes of deliberation with respect to 

responsible development of synthetic biology? 

• What can we learn from dynamics of meaning making and reflection in terms of 

meaningful deliberation of synthetic biology?  

 

I 
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3.1 Research approach: characteristics of design 

The approach chosen for this study is characterized by three key design elements: having a 

problem focus, deploying an emergent design, and seeking and studying collaboration 

beyond disciplines where possible. These elements form the fundament for 

transdisciplinary research (Thompson Klein 2000; Wickson, Carew, and Russell 2006) 

where multiple methodologies are necessary in working towards solving “complex and 

multidimensional” issues (Wickson et al. 2006). In the previous chapters, we have argued 

that the ideal of a meaningful dialogue in synthetic biology is such a complex issue. We 

follow the work of various scholars deploying an emergent and open research design 

(Benard 2014; de Jong 2015)6. The rationale behind these design elements holds that since 

we are dealing with complex problems in a complex system, the research design can never 

be determined in advance (de Jong 2015:24). The last important element of design of this 

research project reflects the acknowledgement that complex problems involve or affect a 

wide variety of actors and holds that collaboration with or involvement of these actors or 

their viewpoints is crucial in solving “real-world” issues (Wickson et al. 2006).  

In giving shape to the emergent and transdisciplinary character of our study we have built 

on insights from the Interactive Learning and Action (ILA) approach (see chapter 5). This 

approach was developed to organize active participation between a wide variety of 

stakeholders during (early-stage) (bio)technological development (see e.g. Broerse 1998; 

Broerse and Bunders 2000). Next to early-stage engagement and participation, key 

elements of the ILA approach include the broadening of the notion of knowledge and 

integrating reflective action in research and innovation practices. More recently the 

approach was deployed in the context of for example health research (Schalkers 2016; 

Schrevel 2015), ecogenomics research (Roelofsen et al. 2008), and animal welfare research 

(Benard 2015) The ILA approach provides a general structure for research projects on 

                                                

 

6 Two examples of transdisciplinary research projects deploying an emergent design in the contexts of, 

respectively, animal welfare research and neuroimaging in justice and security 
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complex societal issues and has the flexibility to be adapted to the specific context the 

research project (see e.g. Edelenbosch 2014).  

3.2 Methodological design 

The six papers presented in this thesis reflect different stages of the five-year research 

project. As described, the design of this research project had an open and emergent 

character; the aim was to be able to follow-up on the conclusions and lessons learned from 

each sub-project in the next steps. Considering our overall objective of contributing to an 

appropriate public sphere for meaningful deliberation we divided our methodological 

design in three parts: (1) mapping the public sphere, (2) doing experiments with future 

making, and (3) re-imaging the public sphere. Here we elaborate on this process, 

explaining the activities and social experiments that we have undertaken and why the 

process was shaped as it was. For each paper, I will lay out the main questions we aimed to 

answer and how the answers guided the following step. The specific methodologies used 

in each study are described in-depth in the corresponding chapters. An overview of the 

studies and their relevance to the main research questions can be found in Table 3.1 at the 

end of this chapter. 

Part 1: mapping the public sphere 

Study 1. Mapping interactive learning processes for emerging technologies  

In this study, we aimed to gain more insights into the process elements of interactive 

learning by mapping previous research projects deploying the ILA approach in various 

domains. This study was executed in part as a contribution to the SYBHEL project7 

(synthetic biology for human health, the ethical and legal issues) hence its focus on 

synthetic biology in the context of global health. The first sub-question guiding this study 

was: 

                                                

 

7 http://www.sybhel.org 



Research design 

 37 

Q1 What can we learn from mapping experiences with previous interactive learning 

approaches and what does this mean for the context of synthetic biology? 

We deployed a desk study into the rationales behind interactive learning in responsible 

innovation contexts and analyzed previous research projects, their processes and outcomes. 

We used these insights to propose an interactive learning approach for synthetic biology. 

From this study, we derived four interrelated key factors for designing an interactive 

innovation process: (1) articulation of experiential knowledge, (2) knowledge co-creation, 

(3) embedding, and (4) process facilitation. We found several clues for barriers and 

opportunities, most notably the risk that power and knowledge asymmetry might hamper 

a public dialogue. As a first step of the five phases that an ILA approach entails we felt that, 

because of the controversy around genetic modification and the presumed influence of this 

for discussions on synthetic biology, or the assumption that the public will respond 

similarly negative (Christiansen 2016; Horlick-Jones et al. 2007; Marris 2014), it would be 

best to first explore public perceptions of synthetic biology. More detail of the 

methodology and the study’s findings can be found in chapter 5. 

Study 2. Unravelling citizens’ perceptions of synthetic biology  

In our second study, we aimed to understand how citizens perceive synthetic biology, and 

gain more insights into dynamics of framing and problem setting when making sense of 

synthetic biology. We aspired first to understand to what extent citizens are capable of 

moral deliberation on a complex topic such as synthetic biology. Then, we aimed to 

understand what kind of deliberation they (would) engage in. Finally, we aimed to 

understand their perceptions on synthetic biology and unravel ways of sense making in 

order to inform a potential science-society dialogue. The second sub-question that guided 

this study was therefore:  

Q2 How do citizens perceive and make sense of synthetic biology and what can we learn 

from this for a future science-society dialogue? 

We conducted eight focus groups with Dutch citizens in three different cities. The focus 

group methodology was used to generate a group process in which participants would be 

able to explore and clarify their views in relation those of others, something that would 
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have been impossible in individual interviews (Carey and Asbury 2016). As we describe in 

more detail in chapter 6 of this thesis, citizens were very much capable of deliberation. 

Based on the liveliness and reasoning of citizens one could presume that a public dialogue 

with citizens could be a meaningful exercise. However, we also found large differences in 

the way people make sense of new technologies and signal the impact this might have on 

the meaningfulness of a public dialogue. The combination of this issue with the issues of 

power and knowledge asymmetry that we described in the first study, indicate the 

necessity of making underlying dynamics of framing explicit before entering in a dialogue.  

Based on studies 1 and 2 we found several reasons for postponing a programmatic ILA 

study: (1) the early stage of development, (2) different ideas on the concept and purpose of 

a dialogue (different needs and wishes), and (3) unresolved challenges with regard to 

uncertainty an ambiguity. These results, in combination with the growing body of 

literature signaling issues of legitimacy, scale, and paradoxical effects of public dialogue8 

(Bogner 2012; Stilgoe et al. 2014) and the understanding that reflection on the futures of 

synthetic biology is key in its responsible development (Bell 1997), led us to formulate 

experiments with regard to meaningful deliberation on the future of synthetic biology.  

Part 2: Experiments with future making 

Following a variety of scholars of future studies and anticipatory governance (Barben et al. 

2008; Bell 1997; Guston 2010; Selin 2008; Wiek et al. 2012), in part 2 we aimed to 

experiment with reflexive modes of imagining the future in the context of synthetic 

biology. In the first experiment, we conducted collaborative real-time technology 

assessment activities, in the second we organized a multi-stakeholder dialogue on the role 

of synthetic biology in the energy transition. 

                                                

 

8 We have discussed these issues and their relevance for this thesis in more detail in chapter 2. 
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Study 3. Exploring moral reflection of synthetic biology students  

As we described in the previous chapter, the iGEM competition plays an important role in 

the organization and development of the field of synthetic biology (see e.g. Balmer and 

Bulpin 2013). One notable aspect of the competition is the students’ human practices work 

in which they address various other issues and impacts of their innovations. As described by 

Stemerding (2015), iGEM can therefore be seen as an ‘RRI laboratory’: a suitable space for 

our first experiment to understand dynamics of moral reflection regarding the future of 

synthetic biology.  The sub-question that guided this study was: 

Q3 To what extent, and in what ways, can the constructing of future scenarios contribute 

to RRI practices?  

In this study we examined to which extent constructing of future scenarios – and its 

accompanying activities and learning process – can be seen as a contribution to RRI. Given 

the interest in RRI in several policies, we aimed to gain insights into how RRI can be put 

in practice. We organized and guided seven collaborative real-time technology assessment 

activities (see: Grunwald and Achternbosch 2013; Smits and Leyten 1991) with iGEM 

teams. Projects with a focus on the future of energy or antibiotics issue were specifically 

invited to apply. We conducted observations and interviews to understand what kind of 

learning was evoked by constructing future scenarios in terms of RRI. We found that 

scenarios can play a beneficial role for all dimensions of RRI, especially reflexivity. 

However, the impact of the scenario work, in terms of RRI, can considered rather 

individual since the teams often divided tasks. It was our idea from the start to use insights 

and products from the scenario work as conducted by the iGEM students in the design and 

facilitation of our second experiment, but the insights from our first experiment stipulated a 

few other design choices. For example, we found that personal investment and reflection 

during the real-time technology assessment activities had quite some impact on the overall 

contribution of the scenario work to RRI (see chapter 6). This finding indicated the need 

to further unravel this concept of reflexivity in an interactional setting in a second 

experiment.  
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Study 4. Understanding reflexivity in a multi-stakeholder dialogue process 

As described above, the aim of our second experiment was to explore in which ways 

reflexivity could be enhanced in a multi-stakeholder dialogue. As described in chapter 2, 

dialogues are often proposed to enable deliberation between a variety of stakeholders 

(Benard et al. 2014; Calton and Payne 2003). In line with the aim of RRI we approached 

the multi-stakeholder dialogue as a space for deliberation and reflection. Following from 

our previous studies our specific aim was to analyze in what ways a multi-stakeholder 

dialogue could contribute to enhancing reflexivity. Therefore, the sub-question that 

guided this study was:  

Q4 In what ways can reflexivity be enhanced in a multi-stakeholder dialogue?  

To answer this sub-question, we adopted a futures oriented design similar to the first 

experiment (see chapter 7). We organized a two-day dialogue on the role of synthetic 

biology in the energy transition with 15 participants from various backgrounds. The topics 

was chosen in following-up on the previous experiment (the theme of synthetic biology 

and antibiotics will be described in more detail in chapter 8). For our dialogue, participants 

were selected based on their stakes and perspective, rather than their association to a 

stakeholder group (Cuppen 2012). We designed creative exercises with a focus on the 

future of energy and the future of synthetic biology. In order to analyze the dialogue, we 

conceptualized reflexivity as having three dimensions: moral, epistemic, and social-

relational. To analyze our dialogue we made use of participant observation: all facilitators 

took notes during and after exercises which were shared and discussed and theses written 

accounts and descriptions (Emerson, Fretz, and Shaw 2001) were then compared with the 

outcomes of the exercises. Next to observations during the dialogue our data collection 

consisted of two rounds of interviews with participants. For this we deployed a responsive 

evaluation approach (Abma 2005). Results from our dialogue suggest that even though 

participants became more aware of the variety of perspectives on synthetic biology, it 

remained difficult to improve moral reflexivity.  
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Study 5. Evaluating reflexive modes of future making  

The two studies described above provided specific insights in ways in which future-

making processes might contribute to RRI practices. In this we aimed to explore more 

broadly the potential role of future-making processes in shaping RRI projects. Therefore, 

we formulated the following sub-question to guide this study: 

Q5 What role can future-making processes have in shaping RRI projects in synthetic 

biology? 

To answer this question, we evaluated three previously conducted future-making 

experiments. The first two experiments have been described above as part of studies 3 and 

4. The third experiment involved another multi-stakeholder dialogue conducted by our 

co-authors, which focused on the challenge of antibiotic resistance and the potential role of 

synthetic biology therein. In the three experiments, various future making processes were 

facilitated. These included the making of application scenarios and techno-moral vignettes 

(see chapter 6), a variety of creative future imagining exercises (see chapter 7), and the 

creation of future stories (see chapter 8). The two MSDs were held on the same days and at 

the same venue. All three future-making experiments were organized within the 

SYNERGENE project, an EU funded project aiming to foster RRI of synthetic biology. 

The combined insights from these three experiments suggested that future-making 

processes can contribute to the creation of joint spaces for bringing together societal actors 

and innovators. As further described in chapter 8 several questions should be addressed in 

these spaces. These questions relate to the desirability and technical plausibility of 

innovations, the integration thereof, and possible policy implications.  

So far, the insights into dynamics of meaning making and reflection were obtained from 

activities and experiments largely designed for this particular purpose and created in the 

context of this thesis (and other overarching projects). While recognizing several 

advantages, such as control over design and execution, we also acknowledge that such 

activities and experiments are subject to several issues relating to purpose, participants, 

timing, setting and design (described by Delgado et. al. 2010). One particular purpose 

related issue that emerged in the second experiment of our research project was the 
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difficulty of dealing with a tension between a pluralist or consensus-building focus in 

deliberation (see chapter 7). Moreover, we acknowledge that the activities and experiments 

were largely retracted from the society, thereby possibly limiting or even hindering real-

world effects (Bogner 2012). One final point of importance is that the evaluations of these 

activities and experiments indicated that the accomplished effects were rather individual 

(see chapters 6 and 7).  

Part 3: re-imagining the public sphere 

If we take seriously our aim to ‘open up’ the development of synthetic biology (or any 

other emerging technology perhaps, see also Swierstra and Rip 2007) and we take into 

consideration the above described complexities around designing and facilitating a 

meaningful public dialogue, we need to look into the conditions for meaningful 

engagement in the real world (see e.g Guston 2014:55; Jasanoff 2011:624). Although we 

could already draw several suggestions concerning conditions for deliberation from the first 

two parts of our study, as described in chapters 6, 7, and 8, we admitted the opportunity to 

advance our understanding with regard to individual and collective meaning making of 

the future. For this purpose, we made use of what Roeser and Pesch (2016:276) elaborately 

describe as “an emotional deliberation approach” to risk, which makes emotional responses 

to technological risks and the ethical concerns that lie behind them much more explicit and 

thereby takes the role of emotions in deliberation more seriously. In addition, we drew on 

the observations and analysis of Calvert and Schyfter (2017:210) that insights from art, 

design, and STS (combined) can be used as a “form of emergent critique”9. They argue that 

this should take place in newly created transdisciplinary spaces that allow for novel 

discussions of sociotechnical complexity. Both arguments point in the directions of the arts 

for offering more insights into broader dynamics of, and conditions for, meaning making.  

                                                

 

9 In this they build upon Latour's (2010) argument to expand the notion of “critique” towards a 

conception that emphasizes unexpectedness, openness, and overspilling.  
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Study 6. Exploring meaning making practices for emerging biotechnologies  

In terms of engagement, the bioart community can be seen as a space of collective and 

individual meaning making (da Costa and Philip 2008; Minnaard 2015). In line with the 

results of our previous studies, we aimed to unravel dynamics of meaning making not in a 

one-time event, but rather over the course of several events – to get a better grasp of the 

broad spectrum of what takes place within the bioart community. We were given the 

opportunity to conduct our study on a European art/science/ethics program called “Trust 

Me I’m An Artist”. The specifics of the project and a detailed overview of our methods can 

be found in chapter 9. But important for our sub-question was the focus of the program on 

collectively exploring the moral dimensions of emerging biotechnologies. Therefore, we 

formulated the following sub-question: 

Q6 What dynamics of meaning making can be identified in the Trust Me I’m An Artist 

project?  

For this study, we observed four “Trust Me I’m An Artist” events in London, Prague, 

Berlin, and Amsterdam. In addition to this, we watched and read online available material 

of two previous events. Furthermore, we held 21 interviews with participants (artists, 

curators, scientists, etc.). 

3.3 Validity 

Within this study multiple strategies have been used to enhance the validity of the results 

and conclusions and to minimize the effects of researcher bias. 

• We applied a triangulation of research methods, compensating for their individual 

limitations and exploiting their respective benefits: desk study, non-systematic 

literature reviews, semi-structured interviews, focus groups, and (participant) 

observations.  

• In all projects the design, collection, and/or analysis was either done or checked by 

multiple researchers.  

• Where possible and appropriate we looked for saturation of data within the methods 

we used. For example, focus groups were held until no new results came up.  
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• We conducted member checks where possible. Interviewees were sent a summary of 

the conversation to confirm that it properly reflected their views and experiences.  

• In all studies, the primary data were extensively documented. Interviews and group 

discussions were audio-taped and transcribed verbatim for analysis. Detailed field notes 

were written to document observations and informal interviews.  

3.4 Research context 

All activities undertaken in this thesis were carried out within the BE-Basic10 R&D 

Program, which was granted a FES subsidy from the Dutch Ministry of Economic affairs, 

Agriculture and Innovation (EL&I), and were also supported by the Centre for Society and 

the Life Sciences (CSG). The experiments conducted in part 2 of this research project were 

co-designed and developed in the context of the European SYNENERGENE11 project: a 

four-year mobilization and mutual learning plan supported by the European Commission 

within the 7th Framework Program.  

  

                                                

 

10 BE-Basic.org 

11 Synenergene.eu 
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Table 3.1 Overview of studies 

Study Methods RQ   Ch. 

Part 1: mapping the public sphere 

1. Mapping interactive learning 
processes for emerging technologies 

Desk study 2 4 

2. Unravelling citizens’ perceptions of 
synthetic biology 

Focus groups (8) with 46 
participants  

2 5 

Part 2: experiments with future making 

3. Exploring moral reflection of 
synthetic biology students 

Real-time TAs with 
scenario work + interviews 
(7) 

1,2 6 

4. Understanding mutual learning and 
reflection in a dialogue setting  

Dialogue process + 
interviews (15) 

1,2 7 

5. Evaluating reflexive modes of 
future making 

Evaluative study 2 8 

Part 3: re-imagining the public sphere 

6. Exploring moral meaning making 
for emerging biotechnologies 

Observations of 
performances (4 real life and 
2 online) + interviews (21) 

2 9 
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Abstract 

he emerging field of synthetic biology has the potential to improve global health. 

For example, synthetic biology could contribute to efforts at vaccine development 

in a context in which vaccines and immunization have been identified by the international 

community as being crucial to international development efforts and, in particular, the 

Millennium Development Goals (MDGs). However, past experience with innovations 

shows that realizing a technology’s potential can be difficult and complex. To achieve 

better societal embedding of synthetic biology and to make sure it reaches its potential, 

science and technology development should be made more inclusive and interactive. 

Responsible Research and Innovation (RRI) is based on the premise that a broad range of 

stakeholders with different views, needs and ideas should have a voice in the technological 

development and deployment process. The Interactive Learning and Action (ILA) 

approach has been developed as a methodology to bring societal stakeholders into a science 

and technology development process. This paper proposes an ILA in five phases for an 

international effort, with national case studies, to develop socially robust applications of 

 

T 
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synthetic biology for global health, based on the example of vaccine development. The 

design is based on results of a recently initiated ILA project on synthetic biology; results 

from other interactive initiatives described in the literature; and examples of possible 

applications of synthetic biology for global health that are currently being developed. 

4.1 Introduction 

Synthetic biology is a relatively new and rapidly developing field of biotechnology that has 

great potential for improving global health. Synthetic biology can contribute to global 

health by, for example, the development of novel drugs, vaccines and antibiotics that could 

contribute to realizing Millennium Development Goal 6 – combat HIV/AIDS, malaria and 

other diseases (Jain, Bhatia, and Chugh 2012; Vohra and Blakely 2013). It could also 

contribute to faster and cheaper production of anti-malarial drugs: development of the 

precursor molecule of artemisinin is likely to make the drug accessible to more people in 

poorer countries (Keasling 2008). Analysis of the mechanism underlying protein 

aggregation related disorders, such as Parkinson’s disease and Alzheimer’s disease, has the 

potential for earlier diagnosis and treatment of such diseases (Jain et al. 2012). In response 

to scientific advances and the promise of the field, the World Health Organization (WHO) 

has recently published a guidance document that acknowledges the potential application of 

synthetic biology to health care worldwide (WHO 2010). In 2011, the Bill & Melinda 

Gates Foundation put out a call for proposals, focusing on synthetic biology applications 

for global health challenges, to help realize this potential (Rooke 2013).  

The potential of synthetic biology for global health is clearly recognized but it is not yet 

known whether it will reach its potential. History demonstrates that science and 

technology development is not straightforward and simple but, rather, a meandering and 

complex process. This complexity is illustrated by mismatches between science and 

technology and their application or use. In some cases, needs of patients remain unmet. 

One example of this mismatch can be found in the field of treatment of burns where future 

research priorities of health professionals and pharmaceutical companies did not fully match 

the needs of burn survivors. A study was conducted to identify research priorities of burn 

survivors, health care professionals and researchers. Patients identified new research 
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priorities, such as treatment for itching on scars and donor tissue that were not being 

addressed by research (Broerse et al. 2010).  

Another issue arises when innovations are poorly adopted, as was the case with the 

introduction of cochlear implants for prelingually deaf children. Manufacturers and health 

care professionals presented the innovation as a much-needed solution to increase the 

quality of life of prelingually deaf children. However, some parents and advocacy groups 

felt that this presentation was degrading to these children and the richness of their culture, 

causing a less than expected adoption of the new innovation (van der Wilt and Reuzel 

2012).  

There are also examples of innovations that turned out to be used in a completely different 

way than planned or expected, such as the unforeseen use of anti-malaria bed nets for 

drying fish and fishing in villages along Lake Victoria, Kenya (Minakawa et al. 2008). In 

addition, innovations can have unexpected negative side effects. The well-known 

controversy surrounding the use of DDT (dichlorodiphenyltrichloroethane) to combat 

malaria is an example of the latter. O’Shaughnessy (2008) gives an historical overview of 

the unintended consequences of the use of DDT, including the bizarre situation in which 

cats were parachuted into Borneo, Indonesia, to replace domestic cats which had been 

poisoned by DDT. The death of the cats resulted in an increase in rodents and had 

negative accompanying effects, such as transmitting diseases and eating crops. This was an 

unforeseen, unwanted consequence of DDT use (O’Shaughnessy 2008). 

Furthermore, the impact of innovations is regularly lower than expected due to constraints 

encountered during implementation. An example of this is the challenging introduction of 

vaccines in developing countries. Although there are many successes, such as the 

eradication of smallpox, there are also examples that show that reaching the potential of 

vaccines is quite difficult. There are many essential contextual elements that make a vaccine 

work in the real world, including the effectiveness of the vaccine product itself, the 

availability of sterile syringes and refrigeration (Cheyne 1989), an effective vaccination 

program, an efficient vaccine safety system, and public confidence in the safety and 

necessity of the vaccine (Burgess, Burgess, and Leask 2006; Cooper, Larson, and Katz 

2008; Hardon and Blume 2005). The difficulty of taking real world conditions into 
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account in a test setting means that reaching the potential of the promises of science and 

technology developments is a challenging endeavor.  

Reaching the potential of synthetic biology applications is probably also not 

straightforward and could suffer from possible mismatches as the ones described above. 

Moreover, there are several issues, inherent to the development of synthetic biology for 

global health, that need to be addressed. Several of these issues are elaborated upon in this 

journal, or have been addressed in a previous special issue of this journal edited by Schmidt 

(2009). We briefly summarize these issues here.  

There are questions around the definition and scope of synthetic biology and the 

interdisciplinary character of the field (see e.g. Delgado and Porcar 2013). The co-

existence of the different, sometimes opposing views of the involved disciplines indicate 

there are still many possible directions that synthetic biology could take. Delgado and 

Porcar (2013) argue that it is important to search for the direction in a reflexive and socially 

robust way.  

Other issues that have been identified relate to patenting, intellectual property rights, 

power relations or differences, equity, symmetry and access (see e.g. van den Belt 2010). 

These issues also make the development of synthetic biology for global health a complex 

endeavor. How to account for matters of equity and access? Who is responsible?  

There are also ethical, social and legal aspects described in the literature that are important 

to address in the development of synthetic biology (see e.g. Anderson et al. 2012; Schmidt, 

Ganguli-Mitra, et al. 2009). If ethical concerns are ignored or the potential negative social 

impact is underestimated, poor adoption of the innovation or even public opposition can 

be the consequence as in the case of genetically modified organisms.  

In addition, there is also the question of how to deal with uncertainty. As synthetic biology 

is still in an early phase of development, there are few concrete applications and it is 

difficult to predict the consequences. It is difficult to realize the potential if neither the 

potential nor the problems to be addressed are known (see e.g. Zhang, Marris, and Rose 

2011) 



Chapter 4 

 52 

To bring about robust societal embedding of synthetic biology, the innovation will need 

to be successful in solving specific problems but, in addition, the right problems need to be 

addressed. With regard to innovations in health care, Flier (2009) puts it as follows: 

“without a correct diagnosis there is no cure”. The problems in implementation identified 

above illustrate the need to look at ways to better link science and technology to its 

application in society.  

In this article, we will first briefly describe the historical route towards the concept of 

responsible research and innovation (RRI) as a way to realize robust societal embedding of 

science and technology. Next, we describe a conceptual framework for RRI as we have 

developed it in our own research. We illustrate its practical application by presenting some 

preliminary results of our research on synthetic biology. Furthermore, we hypothesize 

what an RRI project could look like in the field of synthetic biology and global health.  

4.2 Opening up science and technology development: Towards responsible research 

and innovation  

The examples in the introduction clearly show the potential for synthetic biology to 

improve global health but, at the same time, there are challenges relating to, for instance, 

access, power relations, patenting and ethics. This complex relationship between science 

and technology development and its applications in society has been studied extensively 

within the field of science and technology studies (STS) since the 1970s (e.g. Fuller 2000; 

Gibbons et al. 1994; Grin, Graaf, and Hoppe 1997; Nowotny et al. 2001; Rip et al. 1995).  

Initially, the innovation process was seen as a chronologically linear process with the 

following phases: basic research, applied research, product development and use (Godin 

2006; Sismondo 2011). Reasoning from such a model, better adoption and acceptance of 

science and technology was achieved by providing more and better information to users so 

they can appreciate the innovation and know how to use it appropriately. However, 

several STS scholars have shown that more information does not solve the observed 

adoption and public acceptance problems (Irwin 1995; Wynne 1995). In the 1990s, a new 

vision arose in which the innovation process was viewed as a complex social activity in 

which various actors interact. Innovation comes about through a forked process of 
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variation and selection that is not only technological: social, organizational, political, 

economic and cultural factors also determine the direction and outcome of innovation 

development. From this perspective, science and technology are linked to the context of 

application by the active involvement of the users and other stakeholders in the interactive 

process of analysis, design and implementation. In other words, in order to address 

complex societal problems, a broad range of stakeholders with different views, needs and 

ideas need to have a voice in the innovation process. This idea has been framed in for 

example transdisciplinary research12 (Klein et al. 2011), post-normal science (Funtowicz 

and Ravetz 1993), and mode-2 knowledge production (Nowotny et al. 2011; Gibbons et 

al. 1994). According to these and other scholars, this requires a multi-stakeholder dialogue 

(Bunders et al. 2010; Feenberg 1999; Hagendijk and Irwin 2006; Jasanoff 2003; Mitcham 

1999; Nowotny et al. 2001; Rip et al. 1995; Weldon 2004).  

This plea for an interactive multi-stakeholder dialogue has gained much support. It is 

recognized that more transparency and openness could lead to a more responsive culture 

for innovation. In many countries, it is no longer the question if stakeholders should be 

involved but rather how a dialogue between policy makers, scientists, the industry, societal 

organizations and the public can be successfully set up. In recent years, the umbrella term 

‘Responsible Research and Innovation’ (RRI) is used to describe these interactive initiatives 

(de Jong 2015; Stilgoe et al. 2013). Responsible research and innovation means that the 

innovation process focuses on (1) the realization of societal values in which (2) all societal 

stakeholders are involved and (3) the social, ethical, legal and environmental aspects, risks 

and chances are mapped and addressed (anticipated), with (4) openness and transparency as 

integral components.  

Due to asymmetry in knowledge and power, meaningful multi-stakeholder dialogue rarely 

occurs spontaneously and requires active facilitation and appropriate methods. The number 

                                                

 

12 Transdisciplinarity is described as ’a new form of learning and problem solving involving cooperation 

among different parts of society and academia in order to meet complex challenges of society’ (Klein et 

al. 2001) 
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of methods of RRI has increased rapidly over the past decades. Some of these methods are 

designed to facilitate dialogue between citizens, such as consensus conferences, citizen 

panels and public advisory boards. Others focus on designing an interaction and dialogue 

between different stakeholders in the innovation process, such as Constructive Technology 

Assessment, upstream engagement, public debates such as the Science Café (see Box 4.1). 

However, evaluative studies show a sobering image. Many initiatives do not meet their 

expectations: the influence on science and technology policies is scarce, the intended 

support is seldom realized, and the direction of research barely changes (e.g. Hagendijk and 

Irwin 2006; Irwin 2001; Jasanoff 2003; Weldon 2004). The reasons for this are not always 

clear because there are not many thorough evaluation studies, although there are some 

clues. Participatory methods are more informative or consultative and not focused on 

inclusion in decision making participation. Or involvement of stakeholders occurs too late 

in the development process to influence decisions. The framing of the topic of deliberation 

may be too narrow, causing ‘real’ questions and concerns to stay out of sight. Or policy 

makers do not take the outcome seriously because it does not match their own ideas and 

plans. The problems of pseudo-participation are worrying because they can allow 

Box 4.1 – Science Café  

An example of a strategy to facilitate discussion and dialogue between several 

stakeholders is the Science Café method as described by Navid and Einsiedel (2012). 

They phrase the goals of a Science Café as: ‘to promote public engagement with science 

and provide a forum for scientific inquiry for the general public’ and describe the 

success of this approach in a sense that ‘it brought discussions about an emerging and 

potentially controversial technology out of the laboratory and into the public realm’. 

However, they also describe that the scientists in Science Café thought that preparing 

for and participating was ‘troublesome and time-consuming and that they could not 

perceive any benefit’ which shows that there is still some work to do before a 

meaningful dialogue is realized. 
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established parties to dismiss inclusion. It is thus essential to gain insights into the factors 

that facilitate and constrain these kinds of processes.  

The question thus is: how to design a successful interactive innovation process? This 

question was taken up by the Athena Institute, VU University Amsterdam, more than two 

decades ago. It started with researching ‘best practices’. There were already some positive 

results in the field of agricultural research in developing countries. Since the 1980s, small-

scale farmers have been involved in the development of new crops and production 

techniques through a method called ‘participatory technology development’ which 

generally involved joint field experiments, designed and implemented by researchers and 

farmers (Broerse 1998). By studying these best practices, success factors were identified. 

We also assessed case studies of successful and failed innovation processes to provide more 

insights into what works and what does not. This all led to the formulation of the first 

prototype of our multi-stakeholder dialogue process, the Interactive Learning and Action 

(ILA) approach. This prototype has been tested, evaluated and adjusted over the years in a 

large number of projects, including projects in emerging science fields such as genomics 

and neurosciences and in sectors such as agriculture, environment and health13.  

All the projects in which ILA was applied have been subjected to a thorough process, 

outcome and impact evaluation in which the facilitating and impeding factors were 

explicitly analyzed. The large number of projects, combined with findings from the 

literature on similar initiatives, allows us to make more generic statements about how to 

design an interactive innovation process (Broerse 1998; Broerse and Bunders 2000; de 

Cock Buning, Regeer, and Bunders 2008). The four key interrelated factors are depicted in 

Figure 4.1 and will be described in more detail below.  

                                                

 

13 “To indicate the appreciation of programs using the ILA approach in developing countries, at a World 

Bank conference on Science, Technology and Innovation for Development in February 2007 (attended 

by ministers from developing countries amongst others) eight showcases were selected as “best 

practices”. Two of the eight cases were in the field of agricultural biotechnology for resource-poor 

farmers (the Indian and Colombian case) and used the ILA approach.” (Bunders et al. 2010:133). 
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Figure 4.1. Four key factors in ILA (Broerse 2013) 

Articulation of experiential knowledge 

To develop better innovations, also from the perspective of citizens and users, it is crucial 

to gain insights into the needs and context of these groups. However, these groups have 

often scarcely thought about research and have not formed an opinion on the matter, 

which makes it difficult to understand their visions, ideas and perspectives. Their 

perspectives are grounded in their personal experiences. Gaining insight into their 

perspective requires the articulation of their experiential knowledge. Starting from the 

problems and concerns in their daily lives and via corresponding possible solutions, their 

ideas on research topics can be elicited.  

In our ILA projects, we generally see that citizens and users are perfectly able to deliberate 

on research and innovation and to set research priorities. The formulated research priorities 

are generally very diverse, covering all domains in life and concerned with short term, 

applied research and long-term, basic, research. In almost all projects, groups of 

stakeholders identify new topics of research. Making experiential knowledge explicit has as 

an additional benefit in that it supports the self-image of these groups: they feel heard and 

attach more value to their experiential knowledge. In addition to citizens and end-users, 

the experiential knowledge of other stakeholders is also articulated. In this respect, diversity 

is a key factor. 

Embedding

Knowledge co-creation

Articulating experiential knowledge

Process facilitation
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Knowledge co-creation 

A multi-stakeholder innovation process implies knowledge development between science 

and society: the more subjective, experiential knowledge of societal stakeholders needs to 

be integrated with the scientific knowledge of researchers in a process of knowledge co-

creation in which the whole is more than the sum of the parts. It takes into account real-

life complexity and the wide scale of different views and perspectives that come with this 

complexity (e.g. de Cock Buning et al. 2008). The innovation process thus takes the shape 

of transdisciplinary research (see above). A prerequisite of successful co-creation is that the 

different stakeholders learn from each other. Reflexivity is a key concept here. Based on 

this, the participants can change their opinions and come up with new ideas. This makes 

the process interactive: co-creation is established in a meaningful dialogue between 

scientists and other stakeholders.  

Embedding 

Research ideas that result from knowledge co-creation subsequently need to be 

implemented in research projects, leading to innovations that can be successfully applied in 

practice. However, this is by no means an easy process and it requires a responsive research 

system that (1) is demand driven, (2) sees societal responsibility as an important value, and 

(3) considers interaction with societal actors and their experiential knowledge as an 

enrichment of scientific research. Currently, the standard research system is not very 

responsive: it is generally driven by scientific curiosity, scientific excellence and peer 

approval. To counteract this, new ways of thinking about, organizing and doing research 

are needed. Concretely this means that competences (knowledge, attitudes and skills 

among societal stakeholders and researchers) and structures (procedures, institutions and 

incentives) need to be developed that support and anchor the multi-stakeholder innovation 

process. Identifying and implementing ‘quick wins’, research projects that could yield 

success on a short term, is in important strategy to experiment with these new 

competences and structures. These experiments need to be monitored carefully and 

continuous reflection on the results is needed so that adjustments can be made if necessary. 

This is a so-called action-learning spiral. In this change process, it is essential to have a group 

of supporters, namely people who are not directly involved in the process but who have 
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key positions in the ‘system’, for advice and support (Broerse 1998). For example, it is very 

useful to have close involvement with a designated research funder to achieve the most 

socio-economic impact. Research funders are in an ideal position to adjust structures.  

Process facilitation 

The above-mentioned processes do not run automatically, a competent facilitator is 

necessary. The main goal of the facilitator is to create a qualitatively good process in which 

the experiential knowledge of different stakeholders becomes explicit, knowledge is co-

created, actions are being implemented, and interactions are embedded. An important task 

of a facilitator is the creation of trust between the stakeholders. At the beginning of the 

process, the level of trust between different stakeholders is usually low because there are 

hardly any routines, procedures and protocols to build upon. The facilitator can, as a third 

party, enhance ‘intermediated trust’ by giving information concerning the perspective of 

one group to other groups, so that the participants form a more realistic image of each 

other and mutual trust develops (Broerse 1998). If this then leads to a shared vision and the 

first positive results, the willingness to undertake action increases.  

Another important task of the facilitator is to avoid exclusion. Hierarchical differences are 

highly ingrained and processes of exclusion can be very subtle. Researchers often have a 

rather narrow definition of knowledge and research; they have the tendency to label 

experiential knowledge as subjective and to sideline topics that concern policy and 

implementation research, thereby reducing the input of citizens and users (Elberse, Caron-

Flinterman, and Broerse 2011). To fulfil his or her tasks, it is important that the facilitator is 

competent in executing transdisciplinary research, knows which methods and techniques 

to use for which goals, and adheres to the criteria of scientific research: ‘transparency’ and 

‘validity’. The quality of the process of data collection and analysis influences the 

legitimacy of the outcomes. This is a particularly important argument for researchers and 

professionals. In larger projects, the role of facilitator will not be performed by one person 

but by a team. A team has the ability to do justice to the complex and interdisciplinary 

character of complex problems.  
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Designing an ILA process 

To operationalize the concepts and success factors mentioned above, the ILA approach 

comprises several design guidelines. In the ILA methodology, five phases are distinguished, 

each with their own objective.  

• Exploratory phase: In this phase, a research team is established. Through literature 

research and exploratory interviews, a preliminary overview is obtained of the 

developments in the scientific field, the relevant stakeholders and their perspectives, 

as well as the problem context.  

• In-depth phase: The aim of this phase is to identify and analyze the problem 

perceptions, opinions and ideas of the different stakeholders, including researchers. 

Given asymmetry in power and knowledge, as well as the different framing of the 

topic by the various stakeholders, organizing a dialogue early in the process is less 

effective. In particular, those who have not had the chance to familiarize themselves 

with the matter will not yet have formed an opinion. An early dialogue is then 

likely to lead to dominance by experts. For this reason, the stakeholders are first 

consulted separately. 

• Integration phase: The perspectives of the different stakeholders are compared and, as 

much as possible, integrated by means of multi-stakeholder dialogue. 

• Prioritization and action planning phase: Mutual visions are formulated and quick 

wins are identified. In addition, responsibilities are determined and follow up 

meetings are planned. 

• Implementation phase: The plans are put into practice in multi-stakeholder learning-

action spirals. 

We have recently initiated an ILA project on synthetic biology. This project is non-sector 

specific and thus does not specifically aim at possible synthetic biology applications for 

global health, but it does address (global) health-related opportunities, besides covering 

applications for energy and agriculture. In this project, we have first identified various 

relevant stakeholders, explored the topic through desk study and exploratory interviews, 

and we are currently in the second, in-depth phase in which we are consulting various 

stakeholders and researchers in the field of synthetic biology. To illustrate the type of 
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information yielded by the ILA approach, some initial results of the project are presented in 

Box 4.2. 

Box 4.2 - Articulation of experiential knowledge of citizens and perspectives of researchers  

A: Public perceptions of synthetic biology in the Netherlands 

To identify citizens’ perceptions of synthetic biology and to look for opportunities of 

early-stage public engagement, we conducted eight structured focus groups with Dutch 

citizens (n=46). The focus groups followed the same structure, the main part being three 

discussion rounds in which vignettes, short and nuanced examples of synthetic biology 

applications, were used to get the discussion going. The vignettes were divided in three 

applications, each with a different underlying discussion: (1) health: ethical aspects, (2) 

food and agriculture: social aspects and environmental aspects, and (3) energy: legal 

aspects. We outline some of the preliminary results here, with a focus on what these 

results could mean for a future dialogue. 

Despite the fact that the majority of the participants had never heard of synthetic 

biology and that there are not many concrete examples of applications in their life 

worlds, discussions were rich and lively. Opportunities are clearly mentioned, ranging 

from opportunities for the public good, the environment and the world as a whole to 

opportunities within their own life world. Participants found it easy to come up with 

possible interesting applications that were not mentioned in the vignettes. However, we 

observed that the discussions often had a negative pattern. Participants tended to link the 

cases to stories from the news media that were often negative. Associated topics included 

genetically modified organisms, stem cell research, embryo selection, cloning, nuclear 

disasters, famine, the oil crisis, and climate change. There was a certain level of distrust 

in almost all groups, especially about spending money on research and about whether 

the issues, mentioned in the vignettes or by fellow participants, were related to ‘real’ 

problems or reflected only self-interest. For example, to what extent is the climate crisis 

really taking place or is it a fabrication of politicians; are fossil fuels running out or is this 

a fabrication by large oil companies that only want to make money; and do we really 

have food shortage in the world or is it just a matter of unequal division of food. 
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Differences between the three fields of application became apparent. The case of 

synthetically manufactured food products triggered questions on necessity and 

responsibility, whereas the health case, a vignette about synthetic organs, triggered more 

fundamental ethical questions about the limits of life and the ‘artificial creation’ of life.  

The case about bio-fuels raised questions about potential environmental damage, 

responsibility and money issues.   

A possible explanation for the negative pattern of the discussions may be that 

participants link this new technology to earlier technological developments with 

negative side effects. However, the explanation could have a more psychological nature, 

namely that people experience a lack of control in their own life and feel that the 

technology is forced upon them. The underlying reasons for this negative pattern 

should be investigated in further research and need to be taken into account in the 

development of communication tools and the design of dialogue.  

B: Future visions of synthetic biology: researchers and partners from industry 

To explore ideas and future visions of synthetic biology, and perceptions on interaction 

with societal stakeholders, we have conducted ten interviews with researchers and 

research partners within a large international research consortium: the bio-based 

ecologically balanced sustainable industrial chemistry (BE-Basic) consortium. BE-Basic 

is based in the Netherlands and aims to develop bio-based solutions for a sustainable 

society. The synthetic biology flagship initiative is part of the BE-Basic consortium. 

Fields of application include health, soil and ground water ecology, and energy. 

Researchers and research partners describe the field of synthetic biology as broad in 

which small pieces of large puzzles are being researched; it concerns mechanisms that 

play a role in many biological processes. Concrete examples of applications that will 

change the world, except for the examples from literature such as the development of 

synthetic pathways in the production of anti-malarial drugs and vaccines, were not 

given. Most synthetic biology research was said to be in an early phase, possibly 

contributing parts to a larger successful application in the future. Trying to understand 

these small pieces and parts is a major motivation of the researchers but they all 
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acknowledge also being interested in the direction their research might take in the 

future and the problems it might solve. Researchers were of the opinion that it is 

important to consider possible applications in the early phases of research because this 

will benefit the eventual translation from knowledge into products, as long as it does not 

hamper basic research, freedom and creativity. Sustainability was a key word in talking 

about the future of synthetic biology and possible applications: more sustainable use of 

resources, more sustainable production processes from an energy perspective, and more 

environmentally friendly end products.  

Other topics raised concerned the broad multidisciplinary character of the field. 

Interviewees often talked about ‘working together’ and collaboration as a key feature of 

the field. This was frequently expressed as looking for synergy, being close to market 

opportunities, and the need for new modes of governance.  

Results also show that there is a general consensus that societal dialogue is very 

important. However, opinions differed on the way in which such a dialogue should take 

place and how active the researcher should be. They all agreed that engaging the public 

could be helpful for the image of synthetic biology but none of them considered pro-

actively searching for inputs from outside the scientific community. An open approach 

towards the public at large was thought to be important. Some interviewees considered 

that openness to the public had already improved much in recent years, shifting from 

providing information about synthetic biology to engaging in a dialogue. They referred 

to their own activities and to the specific flagship initiative within BE-Basic that focuses 

on engagement and education. Some interviewees said that they felt that the public was 

interested in developments in the field of synthetic biology. On the other hand, 

interviewees felt it is important to avoid creating a hype that could lead to 

disappointment. Being realistic and communicating ‘good examples’ to the public is 

key. In addition, the majority of the interviewees also expressed their concerns with 

regard to public engagement because the level of technical knowledge, such as ‘basic 

words like atoms, chromosomes and molecules’, was thought to be quite poor. Talking 

about difficult technical matters would therefore be complex and could even lead to 

adverse responses.  
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From these preliminary results, it is clear that there are differences between the manner in 

which citizens and researchers articulate their ideas and opinions. Both groups recognize 

opportunities but differ greatly in the extent to which the future is viewed positively. This 

needs to be addressed in a multi-stakeholder dialogue. What are their expectations and 

desires? And where do these expectations meet each other? And how can the concerns be 

taken into account adequately? 

Researchers often mentioned that it would be very useful to have some concrete ‘good 

examples’ of synthetic biology to minimize public distrust while, at the same time, being 

realistic and not exaggerating possible positive applications to avoid disappointment and 

lack of confidence in the field. As described in Box 4.2, participants often linked the future 

of synthetic biology to stories from the news. Since these stories are mostly negative, it is 

important to address these issues and discuss them freely. However, highlighting good 

examples and the positive potential of certain applications might not prevent public 

distrust. And even if the need for positive stories is acknowledged, it remains unknown 

what the public considers to be desirable. From the focus groups, it seems that medical 

applications are considered more desirable than those in the field of agriculture and energy.  

Ethical concerns are raised in all fields of application but seem to be more easily overcome 

if related to health than in the field of agriculture and energy. It also seems to matter 

whether the synthetic biology part was applied during the process of making a new 

product or if the end product was something that was synthetically manufactured; the latter 

being considered less desirable. It is very likely that a dialogue in which this is taken 

seriously will contribute to enhancing the embedding of synthetic biology.  

4.3 Applying the Interactive Learning and Action approach on synthetic biology in 

the context of global health 

In this section, we use the experiences with interactive processes, insights described in the 

literature and the recent experiences with an ILA project on synthetic biology (see Box 

4.2) to propose how a multi-stakeholder interactive process could be deployed for the field 

of synthetic biology in the context of global health. To make this more tangible, we will 

focus on one example, namely the role of synthetic biology in vaccine development.  
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The international community recognizes that vaccine development can make a key 

contribution to global health. According to the GAVI Alliance, vaccines development and 

immunization programs can make an important contribution to seven of the eight 

MDGs14, international goals for development during 2000-2015 agreed at the UN 

Millennium Summit in 2000. The GAVI Alliance also calculates that “vaccines have helped 

reduce child deaths by 30% since 1990, that they prevent over 2.5 million child deaths each 

year, that 79% of children in developing countries are now being reached by national 

immunization programs compared with 66% in 2000”. In recognition of the importance 

accorded to vaccine development by the international community, the GAVI alliance, the 

World Bank, the Bill & Melinda Gates Foundation and the WHO are working together to 

increase access to immunization and improve the health system. In addition, vaccine 

development covers about half of the Grand Challenges in Global Health, an initiative 

launched by the Bill & Melinda Gates Foundation in 2008. 

By contributing to vaccine development, the field of synthetic biology might have much 

to offer when it comes to realizing the MDGs. For example, vaccines could be developed 

to combat pneumonia and diarrhea, two major causes of infant and child mortality, and 

would make an important contribution to MDG 4 on ‘reducing child mortality’. The 

GAVI Alliance, the WHO, the World Bank and the Bill & Melinda Gates Foundation are 

all investigating the potential contribution of synthetic biology to the development of 

vaccines (Rooke 2013). However, as we mentioned in the introduction, the working of 

vaccines is context dependent and complex, and calls for a process of interactive vaccine 

development in which the ILA can be deployed. 

In the first ‘initiation and preparation’ phase, an interdisciplinary research team needs to be 

established to gather preliminary and contextual information to define the objectives and 

roles of stakeholders. This phase includes the identification of the scientific state-of-the-art 

through literature study, (explorative) interviews with involved researchers and attendance 

                                                

 

14 See: http://www.gavialliance.org/about/ghd/mdg/ 
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of conferences, as well as ELSA (or ELSI) research into the ethical, legal, and societal 

aspects. The scene is set in this phase: who are the (international) stakeholders active in the 

field? A stakeholder analysis, with a specific focus on diversity, will be conducted. In the 

case of vaccine development, this would include the GAVI Alliance, the World Bank, the 

Bill & Melinda Gates Foundation, the WHO, the UN Children’s Fund (UNICEF), 

international non-governmental organizations (NGOs), international patient 

organizations, researchers, policy makers, and the vaccine development industry. For 

robust financing mechanisms and good quality of the process, influential stakeholders in 

the field of policy making and research funding need to be involved from the beginning, 

and throughout the whole process, to ensure that plans will be implemented. Questions 

that need to be answered in this phase thus include: which stakeholders are important, how 

do they work together, what are their interests and points of view? What are the overall 

expectations of the developments at this moment? Which concerns are at stake? Which 

initiatives are important? When the stakeholder analysis is conducted, it is important to 

map the different stakeholders that should be consulted in the next, in-depth, phase.  

Global health is a global issue but, at the same time, needs to be linked to the local level. 

For this reason, a few countries per continent should be selected as case studies with ILA 

being undertaken at a national level. This procedure was also followed in a previous ILA 

project on biotechnology and developing countries of the Dutch Directorate General for 

International Cooperation (Broerse 1998). In such case studies, the specific context can be 

explored to facilitate making the link from a global to a local level. 

In the second phase, needs, visions and interests of relevant stakeholders are identified using 

a variety of data collection methods, such as interviews and focus groups. This phase aims 

to reduce asymmetry of knowledge between researchers and societal stakeholders to some 

extent. Information that comes out of this phase will be used as input for the dialogue 

organized in the next phase. In our proposed ILA, the societal stakeholders are facilitated to 

become acquainted with, and form an opinion on, vaccine development, the opportunities 

and concerns in this development, as well as on the field of synthetic biology and the role 

the field can play in vaccine development. The societal stakeholders then reflect on this 

from their own practice, before entering a dialogue. These reflections provide the 

researchers with insights into practices with which they are normally largely unfamiliar. 
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This phase also aims at increasing commitment for the process among the stakeholders 

involved, which is crucial for the success of the next phase. 

Given that synthetic biology is in an early stage of development, it would be appropriate to 

start this phase with the consultation of a wide variety of scientists to obtain their 

perspective and ideas on future applications of synthetic biology in the field of vaccine 

development. To this end we would propose the use of the method of ‘vision assessment’ 

(Grin and Grunwald 2000). Visions can be described as ‘mental images of attainable futures 

that are considered desirable and shared by a collection of actors’ (Roelofsen 2008). These 

visions of the future can be useful to stimulate learning about possible impacts, orient 

future actions, guide activities and bridge the gaps between different social levels and 

dimensions (Borup et al. 2006; Grin and Grunwald 2000; Robinson, Ruivenkamp, and Rip 

2007; Roelofsen et al. 2008, 2010). However, scientists in an emerging scientific field find 

it difficult to think about future applications with a 30-50 years’ time frame and do not 

want to exaggerate the potential, preferring to restrict themselves to short-term knowledge 

questions and the obvious applications that are already being researched (Kloet 2011; 

Roelofsen 2011). An expert meeting with scientists can complement the data obtained 

through interviews by focusing specifically on developing desirable (not necessarily feasible 

or probable) futures (Roelofsen 2011). 

As mentioned above at the case country level, different stakeholders such as citizens, 

patients and their organizations, health care professionals, policy makers and representatives 

of local NGOs are consulted separately to obtain their views on vaccines and synthetic 

biology. In addition to interviews, group-based methods, such as focus group discussions, 

citizen panels, citizen juries, expert and community meetings and consensus conferences, 

are appropriate to articulate the experiential knowledge and develop opinions of the 

different stakeholders. In a group meeting, we would propose starting with the daily life 

experiences of the practice of immunization and focus on diseases that may be addressed by 

immunization through synthetic biology (e.g. malaria and diarrhea). This would be 

followed by a discussion on participants’ ideas on how these problems could be solved. 

Next, the participants would be asked to relate their problem definition and solutions to 

the opportunities provided by synthetic biology using, amongst other inputs, the identified 

future visions of scientists. Possible concerns relating to the suggested applications of 
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synthetic biology would also be discussed. As a last step, participants could be asked to 

prioritize possible applications of synthetic biology. 

From the consultation of the researchers and stakeholders it will become apparent that they 

frame problems, solutions and relevance of synthetic biology differently. This might 

hamper constructive and meaningful dialogue (Schön and Rein 1995). Therefore, the 

different ‘frames of reference’15 are studied and made explicit before heterogeneous 

dialogues are organized. It is important to analyze to what extent differences are more 

semantic or whether they are of more a fundamental nature. At the same time, it is crucial 

to look at overlaps. It is the overlaps from which people derive their motivation to go into 

a dialogue. 

The third phase concerns the ‘integration’ of these differing perspectives and needs of the 

stakeholders in heterogeneous dialogue meetings. The result of this third phase should be a 

thorough understanding of the problem and solutions from the perspectives of the 

stakeholders: where do views overlap and what are fundamental differences. During this 

phase, connections between research and practice are actively explored, resulting in the 

identification of desirable directions for research and the identification of new research 

opportunities. It develops common agreement on future directions for synthetic biology 

can contribute to vaccine development. In this case, such mixed dialogues could first take 

place at the national level in the case study countries, involving researchers and the various 

stakeholders in dialogue meetings (approximately 30 participants).  

An important next step would then be to take the results of these meetings up at the 

international levels, where representatives of large international stakeholders, already 

identified during the first phase are invited to participate in an international dialogue 

meeting. 

                                                

 

15 A ‘frame of reference’ can be viewed as a combined set of knowledge, norms, and values and (societal) 

background by which people weigh, value, and interpret new information. 
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In the fourth ‘priority setting and planning’ phase, the stakeholders review and reflect upon 

preliminary results from the previous phases to identify priorities and establish a plan of 

action in which specific programs or projects are formulated and implemented (Broerse 

and Bunders 2000; Bunders et al. 2010). Apart from identifying more general joint visions 

on vaccine development and the role of synthetic biology, it will be important to identify 

quick wins, so that the momentum is not lost and new collaborations are strengthened and 

experimented with.  

More concrete example of possible outcomes in this phase are that stakeholder groups 

could together come up with a joint action list that acknowledges both the introduction of 

new vaccines as well as the other important aspects of combating these diseases. This joint 

action list could also tackle the issue of patenting, for example, and make a joint policy 

agenda to realize shared future visions. If this is a joint venture, and everyone is aware of 

his or her responsibilities, the process is more likely to end with policy change, and also 

that the new policies are more widely accepted. 

During the fifth phase, the plans that were made in the previous phase will be 

implemented. What this phase will look like depends on the outcomes of phase four but it 

is of utmost importance to continue to involve the different stakeholders in this phase so 

that they do not go back to their ‘business-as-usual’ mode and only focus on answering 

their specific research questions. Thus, depending on the topic and involved stakeholder 

groups, concrete agreements will be made for follow up. It is also important to keep an eye 

on, for example, matters of funding and aspects that came up in previous phases.  

In this section, we have outlined what an ILA project focusing on synthetic biology for 

vaccine development could look like. The scope of an ILA approach could be narrower or 

broader than this outline. For example, it would also be possible to conduct an ILA to set a 

common agenda for synthetic biology research for global health or an ILA that more 

specifically focuses on a certain application of a new vaccine, such as the research project 

described by Blakely and Vohra (2013) on the development of vaccines against diarrhea. 

Blakely and Vohra (2013) identify several relevant stakeholders, such as the final recipients 

of the vaccine, who need to play an important role in its development. In addition, they 

also outline some concerns and issues that need to be addressed, such as the possibility of 
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public distrust. When considering an ILA process, these issues can explicitly be addressed 

and integrated in the innovation process.  

4.4 Concluding remarks 

Various applications of synthetic biology appear to be relevant to global health and there 

seems to be a growing potential of the field. Synthetic biology appears to have particular 

potential in the development of vaccines, drugs and diagnostics. However, history shows 

that translation of innovations into practical use is not straightforward. Mismatches 

between the development of applications and societal use can occur, and ethical and social 

issues may arise. Robust societal embedding of science and technology has been a hot topic 

in the field of Science, Technology and Society studies since the 1980s and various 

attempts have been made to improve this. Efforts to ensure fair and equal innovation in 

science and technology development by involving stakeholders from the beginning, an 

ambition shared by this paper, are currently referred to as Responsible Research and 

Innovation (RRI), receiving much policy attention across the USA and the European 

Union (Owen et al. 2012).  

In this paper, we have presented a specific RRI approach, namely ILA, as a strategy to 

involve society in the development of synthetic biology in the context of global health. 

Central to the ILA approach is the continuous involvement of stakeholders and end-users 

in a process where experiential knowledge is articulated, knowledge is co-created between 

science and society, and attention is paid to the embedding of this new knowledge, all 

requiring a careful process of facilitation. The ILA approach has been developed over the 

past two decades and has led to, among other outcomes, the development of new research 

areas, empowerment of vulnerable groups, the alignment of research agendas, and the 

discovery of win-win situations (Broerse and Bunders 2000; Caron-Flinterman et al. 2006; 

Kloet 2011; Roelofsen 2011; Swaans, Broerse, and Bunders 2006).  

The ILA was developed in the context of innovations in developing countries and has been 

proven to address issues similar to the ones that are involved in synthetic biology. Thus, 

ILA could be well suited to contribute to the development of socially robust applications of 

synthetic biology for global health. In this article, we propose an ILA for this purpose, 
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based on results of our recently initiated ILA project on synthetic biology; results from 

other interactive initiatives described in the literature; and examples of possible applications 

of synthetic biology for global health that are currently being developed. 

Involving many different stakeholders from inside and outside the scientific community is 

acknowledged to be essential in synthetic biology, and continuous reflexivity and mutual 

learning are required, as also mentioned by Zhang (2012). Given its continuous, cyclic 

character and its emergent design, an ILA process could be of help in ‘accommodating 

networks of stakeholders’ as the development of synthetic biology continues and expands 

(Zhang 2012). Zhang also argues that the ‘border-transcending characteristics’ of synthetic 

biology call for a different mode of governance, namely trans-boundary governance. For 

the trans-boundary mode of governance, Zhang (2012) explains that, for example, instead 

of persisting in defining synthetic biology, it could be more effective to facilitate cross-

border communication in which all stakeholders learn from other disciplines. This notion 

is also supported by, for example, the GAVI Alliance argues that the introduction of new 

vaccines can ‘re-energize other important aspects of pneumonia and diarrhea control, such 

as safe drinking water and sanitation’16. The Alliance also highlights the importance of an 

integrated approach to pneumonia and diarrhea control. This also requires transdisciplinary 

efforts in which stakeholders from multiple levels should be involved, including 

community leaders or local health service providers. 

In addition to the potential of such an approach, executing an ILA process can be time-

consuming and might seem complex for researchers in the field of synthetic biology. It 

highlights the importance of a transdisciplinary approach. Social scientists studying the 

relationship between science, technology and society have built up their expertise on 

interactive development strategies that have led to the development of ILA. This paper 

should therefore be seen as an invitation to be involved in the development of synthetic 

biology for global health.  

                                                

 

16 See: http://www.gavialliance.org/about/ghd/mdg/ 
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We acknowledge that the successes referred to in this article are small-scale and that it is 

very difficult to induce structural change in a research system. As the main challenge in 

realizing RRI in the field of synthetic biology and global health, we would point at the 

difficulty in realizing a transition towards a more responsive research system; a research 

system that is demand-driven, takes societal responsibility as an important value, and 

considers the interaction with societal stakeholders and their experiential knowledge to 

enrich the research process. From the results of our evaluation studies, a mixed picture 

emerges. Increasingly – at least in the Netherlands – research agenda are set and research 

programs are formulated using multi-stakeholder dialogue processes, such as the ILA 

approach. For example, about half of the Dutch charity funds on disease-related health 

research have developed a research agenda that explicitly includes the perspectives of 

patients and sometimes citizens. At the same time, we have established that relatively little 

research is actually taking place on the topics specifically identified by patients and citizens, 

even though money is made available. In addition, after the phase of agenda setting, the 

involvement of societal stakeholders is rarely sustained. They are not involved in the 

design, assessment or implementation of research projects or dissemination of outcomes 

(Pittens, Elberse, and Visse 2014). This is likely to result in less attention for the interest and 

needs of these groups. Indeed, it is ‘business-as-usual’. The current research system is much 

less responsive to needs of societal stakeholders than aimed for in RRI. Changing the 

thinking and conduct of research is by no means simple and straightforward, given the 

general resistance of societal systems to change. We therefore argue that RRI needs an 

explicit systems’ perspective in which strategies are applied to facilitate system innovation. 

Here, we would like to refer to the growing body of knowledge on transition theory and 

system innovation studies. This will bring us an important step closer to reaching the 

potential of synthetic biology for global health.  
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Abstract  

ynthetic biology is an emerging scientific field where engineers and biologists design 

and build biological systems for various applications. Developing synthetic biology 

responsibly in the public interest necessitates a meaningful societal dialogue. In this paper, 

we argue that facilitating such a dialogue requires an understanding of how people make 

sense of synthetic biology. We performed qualitative research to unravel the underlying 

dynamics of problem setting and framing in citizen discussions on synthetic biology. We 

found that most people are not inherently for or against synthetic biology as a technology 

or development in itself, but that their perspectives are framed by core values about our 

relationships with S&T and that sense making is much dependent on context and general 

feelings of (dis)content. Given that there are many assumptions focused on a more binary 

idea of the public’s view, we emphasize the need for frame awareness and understanding in 

a meaningful dialogue.   

 

S 
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5.1 Introduction  

Synthetic biology is an emerging scientific field where engineers and biologists design and 

build biological systems (Khalil and Collins 2010). The aim is to introduce a computational 

design approach in biology that leads to rapid delivery of useful applications (Singh and 

Vaidya 2015). Yet, it is challenging to find ways to develop synthetic biology robustly and 

responsibly in the public interest. Many scholars and policy-makers mark the importance 

of a societal dialogue to guide developments in the right direction (Marris and Rose 2010; 

Seitz 2016).  

However, it is difficult to organize a meaningful dialogue because there are many different 

perspectives on the opportunities and problems around synthetic biology. Smith (2003) 

argued that conflicts and dilemmas resulting from this diversity of perspectives are not 

pathological. They are an integral part of our moral life. The question remains how to deal 

with this diversity. 

Perspectives can be described as a combination of values, beliefs, interests, experiences and 

knowledge (see e.g. Benard 2014; Cuppen et al. 2010). We use these combinations to 

make sense of things; they are shaped by our worldviews but also context dependent and 

dynamic (see e.g. te Velde, Aarts, and van Woerkum 2002). Confronted with an 

indeterminate situation, these perspectives result in various ‘‘problem-setting stories’’ 

(Kupper and de Cock Buning 2011; Schön and Rein 1995). When people discuss these 

complex situations, they make a selection of features and relations that are considered 

important in relation to their perspective (Benard 2014; Kupper and Krijgsman 2007; 

Schön and Rein 1995). Conflicting perspectives are therefore an important reason that 

discussions about complex situations arising from emerging technologies such as synthetic 

biology seem intractable controversies.  

If we (aim to) engage in discussions about the future trajectories of research and innovation 

in society, it is important to look into the underlying dynamics of problem setting and 

framing, i.e. the ways in which we set problems and frame opportunities because that 

shapes how we desire to see these trajectories (see e.g. Hisschemöller and Hoppe 2001). 
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This study aims to explore the perspectives of Dutch citizens on synthetic biology and gain 

insights into dynamics of problem setting and framing. This aim is connected to our 

broader goal of improving science society dialogues on the topic of synthetic biology.    

5.2 Theories on perspectives of science and technology developments   

The different ways in which people perceive and evaluate synthetic biology developments 

are grounded in basic perspectives on the relationship between humans and technology. 

These perspectives have been elaborately described and scrutinized in fields like philosophy 

of technology and science & technology studies. Three distinctive views are characterized: 

the instrumentalist, determinist and social constructivist view (Boerwinkel et al. 2014). As 

we will argue here, understanding the socio-scientific issues surrounding synthetic biology 

might require dividing the social constructivist view into two separate views, highlighting 

the problematic aspects of agency, design and language in the development of synthetic 

biology in society. 

Instrumentalism 

In the instrumentalist view, scientific knowledge and technological artefacts are seen as 

neutral means or tools to realize human goals. Knowledge and artefacts can be used for 

good or bad and do not have any kind of agency or structuring effects on society 

themselves (Boerwinkel, Swierstra, and Waarlo 2014; Keulartz et al. 2004). The underlying 

assumption is that it is possible to dissociate ourselves from the world, eliminating the 

influence of human values and inclinations, and by that becoming able to arrive at 

objective and distanced conclusions about things. The instrumentalist view reflects the idea 

that more objective knowledge, as in independent and value-free knowledge, would result 

in better understanding, prediction and control of the world. Although many times refuted 

by scholars in science and technology studies, technology ethics and related disciplines, the 

instrumentalist view still is rather abundant in the common understanding of science & 

technology (S&T) development (Boerwinkel et al. 2014).  
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Determinism 

According to the determinist view, S&T are not by all a neutral means to realize human 

goals, but a window that structures our perception of and interaction with the world. 

Historically, the determinist view has been based on the assumption that S&T develop 

autonomously: they have their own momentum, control themselves and their trajectory 

follows a techno-scientific logic that is unfolding itself (Boerwinkel et al. 2014).  The 

determinist view often results in a pessimistic idea about S&T developments where 

humanity is perceived as powerless: humans as “slaves of technology” (Ellul 1964). The 

determinist view of synthetic biology would result in a rather concerned and critical 

perspective, for example highlighting the political economic dimensions with their 

complex power dynamics and a lack of influence for human actors, especially nonscientific, 

on the developments that take place. 

Social constructivism 

The above two views have in common that S&T on the one hand and society on the other 

hand are perceived as separate entities. The neutral world of S&T is seen as opposing the 

cultural world of human values and beliefs. As mentioned, scholars in various fields have 

criticized this view and replaced it by a view that emphasizes the interaction between 

science and culture. According to the social constructivist view, scientific knowledge and 

technological artefacts are human products, shaped by the socio-cultural context in which 

they are constructed. Knowledge and technology are developed through endless actions, 

decisions, negotiations and interactions involving a diverse range of actors (Bijker et al. 

2012; Latour 1992). Consequently, the social constructivist view departs from the idea of 

S&T development as an autonomous process. Instead, these developments are perceived as 

co-evolutionary. 

Synthetic biology: agency and language 

If we examine the three views outlined above, we see two dimensions that distinguish 

between those views. First, there is the question of whether S&T and society are seen as 

separate or as transgressive domains. This dimension clearly distinguishes the 

instrumentalist and determinist view, portraying S&T and society as opposing each other 
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from the social constructivist view, emphasizing the interactive nature of their relationship. 

Second, there is the notion of agency. This dimension clearly distinguishes the 

instrumental view, perceiving S&T as passive and neutral from the determinist view, 

highlighting the agency and structuring effects of S&T. In the social constructivist view, 

agency is attributed to both S&T as well as society. Social constructivists recognize that 

science, technology and society mutually shape each other. Despite this fluid notion of 

agency, and its underlying idea of an interactive relationship, in the context of synthetic 

biology it makes sense to distinguish between a social constructivist perspective that 

highlights the dominance of human agency and a social constructivist perspective that 

highlights the dominance of technological agency. Synthetic biology is directly concerned 

with creating new lifeforms and life worlds. Matters of agency and the notion of creation 

have regained attention in discussions about the governance of this emerging technology 

(see e.g. Dabrock 2009). Second, the in synthetic biology common language of designing, 

building and creating life requires rethinking of human and technological (moral) agency. 

Attributing agency to technology is of course not something new (see Swierstra and Rip 

2007). However, as they write, technological advances today result already in active 

systems that carry agency within them. These systems have been created to be active, but 

often work in relation with other (human) actors. De Lorenzo and Danchin (2008) 

compare synthetic biology to machines, consisting of parts that we can assemble and re-

assemble to perform certain functions. In this comparison, the language of creation and the 

notion of an active system come together. In these developments we could also speak of 

blurred agency (Haraway 1991). This complexity of blurred lines between S&T and 

society is especially true for synthetic biology. As van den Belt (2009:257) writes: 

“synthetic biology is challenging entrenched distinctions between, amongst others, life and 

non-life, the natural and the artificial, the evolved and the designed, and even the material 

and the informational”.  

Therefore, in order to understand emerging societal perspectives on synthetic biology 

developments, we propose a model that is based on the two dimensions of agency and 

interaction, and distinguishes between four different views (see Figure 5.1). The first two 

views (instrumentalist and determinist) are derived from the abovementioned discussions in 

S&T studies and philosophy of technology. The third and fourth views differentiate 

between two social constructivist views. The first could be best described as the creative 
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Humans and technology 
are separate worlds

Humans have dominant agency

Humans and technology 
are one world

Instrumentalist view Creative design view

Determinist view Adaptivist view

Technology has dominant agency

designer view. This view builds upon the interaction and mutual shaping of society and 

technology. At the same time, it highlights the opportunity for humans to not only create 

new technical but also new moral worlds. In other words: to benefit from the structuring 

effects of technology on society. Dominant agency in this view is therefore attributed to 

humans. The second social constructivist view also builds upon the central notion of co-

evolution but attributes more agency to the developments in technology. We describe this 

view as ‘adaptivist’, because it highlights the importance of flexibly adapting our ways of 

thinking and doing to the new order of life and technomoral worlds that are emerging in 

the development of synthetic biology. 

 

Figure 5.1. Four archetypical frames 

5.3 Methods 

In order to gain more insights into dynamics of problem setting and framing of synthetic 

biology amongst the public we conducted eight focus groups (FGs) with Dutch citizens in 

three different cities (four in Amsterdam, two in Den Bosch, and two in Zwolle) in the 

Netherlands. Involvement of the public in S&T issues is often investigated through the use 

of FGs (e.g. Rowe and Frewer 2000), like the investigation of the public perceptions of 

biotechnology (Barns, Schibeci, and Davison 2000). FGs are used to generate a group 

process that helps the participants to explore and clarify their own views, in relation to 

others, which would not have been possible in an interview (Sim and Snell 1996). 

Participants 

All FGs consisted of five or six participants. Participants were selected by a recruitment 

agency that specializes in the selection of participants for focus groups. They were given a 

small fee (EUR 35,-) for their participation. They did not know the topic of the FG before 
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joining the discussions in order to prevent them from looking up information online. All 

participants were asked their permission to be recorded in advance. In each group, we 

brought together a similar balanced selection of participants based on gender, educational 

level, age, and living environment (village or city). There were no other criteria than for 

each group to have a similar balanced distribution. In four occasions a participant cancelled 

on the day of the FG: in two cases a replacement with similar characteristics was found, in 

two cases this was so last-minute that the FG was held with five participants instead of six. 

Focus groups outline 

In all eight FGs two or three facilitators were present. Author AWB was the main 

facilitator in four FGs and guided the facilitators in the other four FGs. The FGs followed 

the same two-hour structure. The focus groups began with an introduction round in 

which we also asked if participants were familiar with the topic and what their (first) 

impressions were. Then we gave a short five-minute introduction presentation that 

focused on the technique (the basics of DNA, also showing how organisms can be altered 

or created) and the fields of application, and mentioned that there were opportunities and 

concerns to be discussed – which was thus the theme of the FG.  The core of the FGs 

centered around three main field of application (health, environment, and food) that were 

discussed after the participants were presented with these themes through short vignettes. 

An example is shown in Box 5.3. All vignettes showed both positive and negative ethical, 

legal, and social aspects of potential synthetic biology developments. After these thematic 

discussions, there was a more creative and open exercise in which participants were asked 

to divide their own research money over future newspaper headlines. The focus groups 

ended with a reflection round using a word spider mapping the most important concepts 

and an evaluation.  
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Analysis 

All FGs were transcribed and both hand coded and coded using MAXQDA.11 software. 

We included everything that was said during the FGs in our analysis, including the 

introduction rounds and the concluding exercises. Data were analyzed by authors AWB 

and FK. We performed inductive thematic labelling and coding (see e.g. Braun and Clark 

2006) and then organized our data in three main themes:  framing of artefacts and 

practices, societal desirability and ethical acceptability, and governance. In our analysis, we 

focused on dominant frames of participants (see Figure 5.1) and how these themes are 

approached from these dominant frames.   

5.4 Results 

Representation of archetypical views 

Analysis of the eight focus group discussions shows that although all four archetypical 

views of synthetic biology were apparent in the discussions, the majority of the participants 

argued from a dominant determinist or instrumentalist view. At the same time, we saw that 

although most participants have a dominant view, they do shift to other views under 

certain circumstances.  

The ‘determinists’ mostly express concerns about the kind of impact synthetic biology 

might have on their lives, and the world, and the lack of influence they (or we as 

humanity) have on those developments in return. Confronted with concrete advantages of 

synthetic biology, they are inclined to acknowledge them but not without posing counter 

questions. The advantages are not embraced but rather ‘not negated’. This observation fits 

Box 5.3 Example vignette 

Synthetic biology would allow us to create cells that can grow into body parts, for 

example skin tissue or new kidneys. Eventually it might be possible to develop 

combinations of organs. This application could be a solution to organ shortage. This 

case is about organs that are artificially created instead of naturally grown. 
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the determinist assumption that technology development is inevitable, and out of control. 

In the words of participant IM (FG8): 

“Yeah, I am saying, you can do little about it because development… 10 years ago, 

the mobile phone, it wasn’t much so to say, and now in daily life, if you don’t have 

one you’re not part of it, if you know what I mean, so, diseases, you used to die from 

the flu, and now? The flu is nothing. It’s just very hard to stop” 

Participants with a dominant instrumentalist view certainly embraced the advantages of 

synthetic biology. They found it reassuring that S&T form a solution to many of our 

problems, and improve our lives and health, from a generally optimistic standpoint 

regarding technology and its use. JW (FG2):  

“Ah well, an advantage, I’m just making something up, food. If you make plants, you 

make new kinds of food that are very nutritional, for example many proteins. Many 

good carbs for example. You could probably do a lot with that. There’s a lot of 

scarcity in the world. And that you could solve quite a bit with this. [..] The 

advantages are mostly for poor countries, in Africa for example”. 

Concerns are also expressed, but not as a counterargument. Concerns are viewed as a 

requirement for further research – as something we can take into account. Also, concerns 

are mostly raised about so-called ‘hard impacts’, questions of for example safety and 

security. More fundamental issues about the way technology structures our lives, often 

found in the determinists’ discourse, were not observed in the worries expressed by 

‘instrumentalists’. An example of this difference was seen in a discussion about the synthetic 

creation of organs. Many participants raised issues regarding the quality of these organs and 

chances of rejection. For ‘determinists’, these unknowns oppose the lifesaving promises, for 

the ‘instrumentalists’, they merely show that research should be done into these matters. 

Most participants in the focus group discussions adopted an instrumentalist or determinist 

view. As result, probably, the discussions exhibited a clear risk vs. opportunity discourse. At 

the same time, in all sessions we encountered participants with co-evolutionary views. 

Despite their minority, their contributions stood out. Their contributions were different in 

nature from those of others, and they continued to add to the discussion when others were 



Study 2/ Dynamics of problem setting and framing 

 83 

finished. Also, they did often not take part in coalition forming, but continued reasoning 

in their own different way. One of the aspects that were different, for example, was the 

openness towards new and creative possibilities. Participant KL (FG1):  

 “Then we need to make a little hop skip jump into the future. If we as humans can 

become independent from fossil fuels and not only from fuel but from the earth in 

itself for food and whatnot, we are not restrained by it. And then, many nice things 

could happen..” 

Rather than concrete applications or risks the argument focuses on what a possible future 

world could look like. This participant would often contribute in this particular manner, 

after other participants agreed on an argument or when no new discussion points were 

raised.  

Another reason why their contributions stood out was their language. The ‘creative 

designers’ and ‘adaptivists’ in our focus groups used different language in their arguments, 

trying to describe either the mutual influencing of S&T and society or the open-endedness 

of technological development. An example of this was seen in a discussion about rules on 

food labelling, in which LH (FG7) was not actively participating until the end stating:  

“That might be all true, but in the end we also buy what we buy and feel about it the 

way we feel about it, it’s not that simple, we are all in this system” 

In many discussions it became visible that the contributions from this perspective did not 

always resound with ‘determinists’ or ‘instrumentalists’.  This resulted often in situations of 

silence, after which new topics were started.  

Within the group of ‘co-evolutionists’, we observed several differences in view. The 

framework of archetypical views outlined above was helpful to interpret those differences. 

Perhaps because of the dominant risk vs. opportunity discourse, the question on who or 

what is leading (in) the developments of synthetic biology was a central and recurring 

theme in many discussions. The basic assumption of agency gives a completely different 

meaning not only to notions of risks and opportunities, but also to the role of society, the 

future, education – etc. This opposition was also recognized in the different contributions 

of co-evolutionists. In line with the framework, we distinguished creative design view and 
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adaptivist views among the participants. Observations in the dialogues supported our 

understanding of the different frames, showing a frequently recurring distinction between 

creating developments vs. continuously adapting to them. YP (FG6):  

“It should just be adjusted per stage, see how it goes, you can’t say beforehand we 

will go this far, that should be done in the process, and then continuously ask, and 

‘what now’?” 

This contrasts the ‘instrumentalist’ view that synthetic biology can be valued and judged by 

its products and services regardless their context. It is also essentially different from the 

‘determinist’s’ focus on the impact of technology on us.  

Guiding themes in citizen discussions on synthetic biology  

The themes and narratives discussed here are strongly interconnected. They are also 

reflective of the current societal context in which this study took place.  

Framing of artefacts & practices 

MALLEABILITY, NATURAL AND NORMAL. Within the group that had a dominant determinist 

view we often heard the argument that these developments are unnatural or ‘not natural’ – 

and therefore not wished for. Here, the term ‘unnatural’ was not used to described things 

that are ‘not organic’, but more ‘as opposed to the normal course of action’. It seems that 

the famous playing god argument, even expressed in statements like “We shouldn’t play 

God” or “you’re in the Maker’s chair then”, were often not used as a religious argument 

but as a metaphor for not letting things run their course. As participant MT (FG8) says:  

“I work with the elderly and I always have the strong feeling that people aren’t 

allowed to die anymore, and I really get that feeling with this”  

A related argument revolved around the idea that you should not interfere in the current 

state of affairs because that is good as it is, often out of concern for uncontrollable effects. 

ME (FG5): 

 “but you are messing with a balanced ecosystem yet again” 
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Lastly, there were many participants with a determinist view who aim to illustrate that we 

as human beings are just trying to exploit and take control; making things more malleable 

for the sake of having and taking control. In the words of JM (FG3): 

“You are intervening in nature; we can’t make everything malleable in life, that’s 

what I’m thinking.. basically that making things malleable, wanting to play God, to 

have complete control over everything” 

Reasoning from this determinist view, some participants argued it was “arrogant” to 

organize control over nature. ‘Instrumentalists’ however saw it as “the logical next step” 

and necessary “to make progress”, and sometimes even arrogant not to want it. The 

participants in our FGs with a dominant adaptivist view did acknowledge this idea of 

arrogance – the possibility of “going too far in control of nature”- and emphasized that we 

should not forget to be considerate.  

WHO BENEFITS? The question of who benefits from synthetic biology was very prominent. 

Questions such as “Who will own the technology” or “can everyone afford it” were 

important to many participants for different reasons. PJB (FG4): 

 “But what you have already is companies who own the DNA of a specific type of 

rice, or a specific tree, some tree from India, the nema-tree, they patented it, they 

figured that out. And then they bring, sell it, back to the people in India. And if by 

accidence a seedling blows over the border they have to pay because it accidently came 

on their land.” 

Another argument expressed frequently in the focus group discussions, mostly from a 

determinist view, was the following:  

“there’s a large chance that the technology is only being developed to make money, by 

companies that are already making money, so that inequality will only increase” (RD, 

FG6).  

This remark is illustrative of the argument that technological development cannot be 

disconnected from who will benefit from it, up to the likelihood that technologies are only 

developed to make money.  
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Participants with an instrumentalist view, on the other hand, would argue that it is 

inherent to technology that not all outcomes are beneficial to all, and emphasize how 

synthetic biology might solve issues (of inequality) e.g. by addressing food security. This 

difference in argumentation is characteristic of the discussion dynamic between 

‘instrumentalists’ and ‘determinists’. Participants with a creative design view or adaptivist 

view often tried to step away from this binary, arguing that “there are more sides to the 

story” in order to emphasize value plurality. 

Societal desirability and ethical acceptability  

FRAMING OF PROBLEMS AND OPPORTUNITIES. Participants frame problems and 

opportunities differently, because they a) have a different perspective on the problem, 

resulting in a different problem definition, or b) reframe the problem strategically in order 

to protect a particular value they hold. An example of the first phenomenon is the 

discussion about food security in FG5. Participant MD, who adopted an instrumentalist 

perspective, recognizes potential: 

“That’s where the necessity lays, in the development of bananas that can grow under 

water, for example, to solve the food shortage in the world” 

Two participants with a dominant determinist view however respond almost 

simultaneously. First KF: “but there is not food shortage” and then ME: “there is no such thing”.  

With respect to all three synthetic biology cases, we saw that participants would debate the 

urgency of what developments in synthetic biology could offer. Similar to the dynamic of 

‘we can solve problem x’ à ‘there is no problem x’, this was often in response to possible 

positive applications or effects. These were strategically marked as either too expensive, or 

not linked to the societal issues they feel are most important. 

Another reframing dynamic that occurred in the discussions was what can be seen as a 

discussion stopper: diverting off topic with a non-disputable statement. An example of this 

is the conversation between RP and IM (FG8) about superhumans.  RP hesitantly says: “I 

don’t know, this sort of feels like, towards, during the second world war, when they started these 

experiments”, and IM responds quickly “that holds for everything, misuse can happen anywhere, 
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and when you’re a scientist or something, you just try to make the most of it, but there will always 

be people, dictators, who want to do wrong..”. 

ON LIMITS AND BOUNDARIES. The issue of control was in most discussions introduced by 

participants with a dominant determinist view, predominantly framing it as a matter of 

setting boundaries. The often-heard statement “We shouldn’t do or want everything we 

[technically] can” captures that core idea. For ‘determinists’, boundaries related to an 

intuitive judgment that was difficult to explain. 

Most of these ‘determinists’ felt that the limits of technologies such as synthetic biology are 

being stretched by others, crossing their own boundaries. Moreover, they expressed to 

have little influence in setting these boundaries. Also when potential benefits were 

recognized, exploring boundaries as we go, was deemed dangerous or unwise.  

“I mean, it sounds very Dutch, pointing a finger and wanting control, but these things 

come with unlimited possibilities for terrorists, for example” (ME, FG5) 

Setting boundaries is also an important theme for the ‘instrumentalists’. In their opinion 

setting boundaries is about systematically evaluating the limits. It is not something that 

should be exploratory in nature, boundaries are not so much emotional or contextual – 

they are and should be measurable. Consequently, they regard both setting and 

safeguarding boundaries a task for experts. They are the ones with scientific, factual 

knowledge: “they know best” and “they can predict how things will go”. Interestingly, 

both ‘instrumentalists’ and ‘determinists’ only see a small role for themselves or society in 

general when it comes to setting or protecting boundaries. 

The discussion of limits revealed a difference amongst the participants in how the meaning 

of boundaries was approached. Boundaries can be seen as an end point as well as a starting 

point. From a creative design perspective, the (freedom of) exploration of boundaries is key 

in its meaning. Participant KL (FG1):  

“I also find it interesting to see what the limits are and to mess about with those 

limits”  

In this sense, boundaries become spaces of action, instead of brick walls or red flags.  
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The fourth view on setting and protecting limits of synthetic biology can be summarized 

as a continuous adaptive learning process. In this, similar to the ‘freedom approach’ society 

plays an important role in making sure this process goes well. If we are to enter new 

worlds in which technology and humans are fundamentally connected and part of the 

same, we need to be careful and alert in our responses. JS (FG5) explores the idea of 

connections between the worlds, the impact that has, and what this requires in terms of 

dealing with it.  

 JS first argues:  

“because, everything will get shuffled around, not just, uhm, and this sounds corny, 

norms and values, but everything, the whole of humanity will probably run the risk 

to fall or crumble”  

And later continues on how to deal with all this:  

“perhaps a pilot phase first, you know, like that at a given moment a certain 

development came into being, and then a pilot, or how would you call that, a trial, 

and based on that trial, and what comes out of it, developments can continue to 

develop [..] but in the pilot phase [..] the possibilities will be looked at carefully, and 

thought about [..] coming back to those target groups, for who this would be 

important, and they can then indicate, this is or is not applicable to us, or perhaps 

applicable, or the options that come out of it..” 

Governance 

MATTERS OF TRUST. Trust was mostly discussed in interactions between participants 

holding a determinist view and participants holding an instrumentalist view. Doubts from 

a determinist perspective about the intentions of the major stakeholder groups in the field 

of synthetic biology, science, industry or government, were predominantly raised in 

discussions about the responsibility for making decisions about the future of synthetic 

biology. For example, when a participant suggested an important role for independent 

scientists, the validity of that contribution was questioned either out of a lack of trust in the 

scientist’s integrity or referring to the uncertain nature of scientific work. PL (FG7):  
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“Even in science they contradict each other, one says it is good, and the other says that 

it isn’t, and the other says it’s not harmful, and as long as they are not sure about it, 

we just have to..”  

Industry was trusted even less. Many participants reasoning from a determinist perspective 

believed that in the end “it’s always all about the money”. For example, in a discussion 

about the contribution of synthetic biology companies to public health, a participant 

argued: 

 “well, I don’t believe they’re in it to make me healthier, more to become a lot richer 

themselves” (DV, FG6)  

Also the government could not count on a lot of faith amongst participants holding a 

determinist perspective. 

‘Instrumentalists’ on the other hand, looked differently at these major stakeholder groups 

and granted the highest credibility to scientists. Firmly believing in (their) objectivity, they 

trust predications of scientists. Scientists were viewed as independent, and the scientists’ 

integrity was valued and appreciated. In conversation with participants with a determinist 

view, they did acknowledge cases in which the integrity of scientists could be disputed, but 

regarded them as incidents rather than a structural phenomenon. A solution is sought in 

clear limits and control procedures and the involvement of objective expertise. JF (FG6): 

 “well, I think that people should think about this really well with real experts, if you are really 

making this because it can also go the wrong way, creating an Ubermensch, or a sort of robot, 

so you need to stay within certain limits I think, you know, is it safe and useful” 

Participants with an instrumentalist view often felt that decisions should be made by 

experts, not politicians. They did acknowledge the need for a government to issue 

legislation and rules to prevent and control negative impacts. JK (FG1): 

 “But well, if the government just says like we’re choosing for the new synthetically 

made fuel and the environment will be less damaged, that everyone just has to deal 

with that. I think that’ll be a good solution in the long run. People will get used to 

those really high prices then” 
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Participants holding a creative design perspective or adaptivist perspective were generally 

less outspoken about the issue of trust, especially in relation to concrete stakeholder groups. 

Sometimes, they were able to shift the discussion towards a new solution, for example by 

suggesting collaboration between different stakeholders as a way to organize trust. 

DEALING WITH UNCERTAINTIES. Participants of the focus groups differed in the extent to 

which they were willing to accept the uncertainties associated with synthetic biology 

developments. We found this difference could be explained by a difference in underlying 

assumptions. Participants with a creative design or instrumentalist perspectives for example 

viewed uncertainty as an integral part of the process of discovery. ‘Creative design thinkers’ 

felt that you cannot foresee important discoveries – and that they happen due to a 

surprising combination of factors. For these participants, this assumption would be a reason 

to accept the uncertainty associated with discovery. 

For ‘instrumentalists’ the intrinsic value of knowledge was more important, and led them 

to accept the associated uncertainties. Participants with a determinist perspective, on the 

other hand, often highlighted that “you can never be sure if something is safe”. Even 

though these participants did recognize the advantages of synthetic biology, they opted for 

a precautionary approach. Rather than by the value of progress, they were guided by the 

value of security.  

Departing from different core ideas and values, different participants adhered to different 

forms of governance to deal with the uncertainties involved. Participants attributed 

different meanings to concepts such as responsibility and control, as is illustrated by the 

example of nuclear energy developments as a comparative technology to synthetic biology. 

There were quite a few moments where participants used the analogy of nuclear energy, 

weapons or disasters in discussions. In most cases the central points were about (lack of) 

control, dual use and terrorism. Here, the comparison was made to illustrate either 

dramatic outcomes of uncertain technologies, or to show that with any technology there 

are people out there that want to do harm with them. 

VL (FG4): “and is it possible to sustain? I don’t think we can sustain it. Just like nuclear 

technology, if you want the information you can get it” 
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The argument is made that no matter how hard you try to develop or use a technology 

safely, you can never be sure. MD (FG5) – someone with a dominant ‘instrumentalist’ view 

- uses the comparison to illustrate that you can contain (even the most dangerous) things:  

“look, I can imagine that if you would make a power station according to this idea, then you could 

make, just like a nuclear power plant, a contained area, so that way you basically have everything under 

control”  

ME (FG5), a determinist, responds quickly:   

“just look at Fukushima”  

In a different focus group DK (FG6), whose contributions seem to be anchored in ‘creative 

design’ view, acknowledges the same but concludes differently:   

“well yes, but the atom bomb was also an innovation, not a good one, but it was part of 

it, of nuclear energy”.  

Another example in which these notions of temporality and context come into the 

discussion comes from PJ (FG4), who is also an ‘adaptivist’:  

“I think that the reality is always very temporary, I mean the knowledge about what 

is good and what isn’t and which nutrients are needed, that is based on the 

knowledge. And the reality of that knowledge just changes. So, I don’t really think 

there is food that is precisely right, it changes all the time, so I think I wouldn’t 

expect too much from that.” 

5.5 Discussion and conclusion 

Archetypes, views, and frames 

In this article, we have described how four fundamental views of S&T are connected to 

dynamics of problem setting and framing when discussing synthetic biology. We have 

argued that while all four archetypical frames emerged during our discussions, most 

participants seem to reason within a dominant determinist or instrumentalist frame. This 

resulted in a risk vs. opportunity discourse in which it was difficult for participants with 
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‘creative design’ and ‘adaptivist’ views to find their way. Participants with similar 

archetypical views easily found each other and harmony between those participants often 

grew quite strong over the course of the discussions. The outcome that most people deploy 

a determinist or instrumentalist framing is in contrast with the STS consensus that S&T are 

developed in co-production or co-evolution with society. These results are similar to the 

results of Boerwinkel et al. (2014), where participating students also expressed mainly 

determinist and instrumentalist attitudes towards synthetic biology.  

We argue that even if perspectives clash with the STS accord that “the way that we know 

the world is inseparable of the way we choose how to live it” (Jasanoff 2004:2) it is 

important to acknowledge and explore these existing views. We observed how participants 

frame problems and opportunities differently because of their different core values on S&T 

or because they strategically reframe them to protect their core beliefs. Because of this, 

some conversations had the tendency to turn into a dialogue of the deaf – being 

unresponsive to what the other is saying and resulting in only superficial exchange of 

thoughts.  

People who problematize technology are often labeled as ‘against’ or ‘in fear of’ 

technology. Besides the point that this is a superficial reading of someone’s argument it 

should also be noted that problematization is a common part of sense making. As Bogner 

and Torgersen (2015:519) describe: “problematizing does not mean deciphering a problem 

that exists ex ante; in fact, it is a way of giving technology a meaning that is not random”. 

We saw exactly that: participants tried to make sense of the cases that they were presented 

with by expressing concerns about existing policies, the trustworthiness of governments, 

and their experiences with other technologies – not automatically leading to a definite or 

exclusive ‘no’ to ‘the technology’. Problematization of topics around synthetic biology 

formed a large part of the conversations, with participants being mostly concerned about 

or interested in ethical issues such as equality, distribution of and access to benefits, and 

power. Interestingly, Torgersen and Schmidt (2013) concluded in their study that ethics 

does not seem to play a dominant role in the biotechnology analogy of synthetic biology. 

They argue that references to one of the strongest possible ethical challenges, the ‘playing 

God’ metaphor, seem to be less attractive to the press and to members of the public than 

expert discourse sometimes suggests. In contrast, our study suggests that members of the 
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public do actively engage in ethical inquiry within a dominant risk vs. opportunity 

discourse, and that they do use the ‘playing God’ metaphor very often, mostly as way to 

bring the argument that ‘we shouldn’t do everything we technically can’ to life.  

The ethical discussions that the participants engaged in resonate well with what Swierstra 

and Rip (2007) call NEST-ethics: an ethics of new and emerging technologies that have 

characteristic patterns of moral argumentation. We would like to make the remark here 

that while they argue that with nanotechnology there is little about the ‘nano’ of the 

technology that sets it apart from general NEST-ethics and that “this is different from the 

case of bio-ethics, where aspects and issues derived from living creatures are a shared 

starting point” (Swierstra and Rip 2007:3) by far most ethical reflections by participants in 

our focus groups were also general NEST instead of bio. Even though discussions, 

primarily following the case about artificial organs, revolved around the creation of life, 

and participants did comment on notions of naturalness and origins of life – it became clear 

that oftentimes these remarks had different meanings: they were more about letting things 

run their course, or about issues of money and power.  Of course, this is not to say that we 

should revisit the idea of a bio-ethics, but more to add to what we know about how lay 

people engage in ethics when they take part in discussions on emerging technologies.  

Meaningful dialogue  

The observation that underlying dynamics in making sense of synthetic biology have a 

layered pattern could be seen as a point of action in our quest to make science society 

dialogues more meaning- or impactful.  

From the analysis of our citizen discussions we argue that this means that the notion of 

having frames should be a topic of dialogue in itself. We see it that insights into how 

everyone’s perceptions of problems and solutions are being shaped by our individual and 

collective framing processes is essential in meaningful conversations. We should pay 

attention to frame awareness and opportunities of reframing (allowing for shifts in 

perceptions).   

What we pose is in line with the account of frames as put forward by Dorst (2011:525) that 

frames are “very complex sets of statements that include the specific perception of a 
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problem situation, the (implicit) adoption of certain concepts to describe the situation, a 

‘working principle’ that underpins a solution and the key thesis: if we look at the problem 

situation from this viewpoint, and adopt the working principle associated with that 

position, then we will create the value we are striving for”. In line with this, we argue that 

the untangling of frame dynamics should be a core feature of our societal dialogue on 

synthetic biology.  

Limitations of this study  

It is hard if not impossible to start a discussion about synthetic biology without framing it 

already. Throughout the focus group process we therefore strived for a balanced 

representation of a diversity of application fields and argumentation lines. 

The literature on public engagement in biotechnology discusses three interconnected 

issues that we address here. First, as described by Bogner (2012) small-scale participation 

experiments are prone to having a paradoxical effect because of their retraction from 

society.  Secondly, despite its scale, these experiments do actively shape imaginaries of the 

future (e.g Borup et al. 2006), not only in the minds of participants, but also by writing 

them down in this paper. And thirdly (because of these two points) in organizing these 

experiments (STS) scholars are “divided between the aim of maintaining a critical and 

reflexive approach based on theoretical ideals and a social commitment to engaging in 

action” (Delgado et al. 2011:840).  

Our setup was carefully designed and by that carried out under controlled conditions. We 

highlight our openness about this and about our rationales for this project: getting a feeling 

for underlying frame dynamics in conversations between citizens. In this sense, it was more 

to see what participation would look like, or to inform future larger-scale and/or ongoing 

participation experiments.  

Another issue concerns the notion that synthetic biology is ‘a global endeavor’ with 

research and development programs in many countries having the potential to improve 

global health in the area of vaccine development and drug synthesis (Douglas and 

Stemerding 2013). Because of this as they argue, synthetic biology requires a global 

governance strategy. This raises questions about the meaning of our study in other parts of 



Study 2/ Dynamics of problem setting and framing 

 95 

the world, and emphasizes the importance of focusing on cultural aspects of sense making 

and framing. In this paper, we have explored connections between implicit layers of sense 

making and explicit meanings and it would be interesting to see how cultural and societal 

differences play a role in these dynamics. 

In conclusion 

We began this research project with a dialogue perspective: how to deal with differences in 

sense making of synthetic biology in a meaningful dialogue? From this perspective, we 

found that citizens are very well capable to discuss and make sense of synthetic biology. 

Our results suggest that how people feel about synthetic biology is grounded in core value 

systems, much dependent on context and general feelings of (dis)content, and support the 

idea that most people are not inherently against or for synthetic biology, as a technology or 

development in itself. Given that there are many assumptions focused on this binary idea of 

the public’s view, this study emphasizes the need for frame awareness and understanding.  
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Abstract  

he field of synthetic biology, the (re-)designing and construction of biological 

parts, devices and systems for useful purposes, solves and raises issues at the same 

time. In order to develop applications robustly and in the public interest, it is considered 

important to organize reflexive strategies of assessment and engagement in early stages of 

development. This paper describes such a strategy: the construction of future scenarios to 

explore the plausibility and desirability of innovation pathways. We organized and guided 

seven collaborative real-time technology assessment activities with teams of synthetic 

biology students who were participating in the large international Genetically Engineered 

Machines (iGEM) competition. We conducted observations and interviews to understand 

what kind of learning and reflection was evoked by constructing the scenarios in terms of 

Responsible Research and Innovation (RRI). We found that the construction of future 

scenarios played a beneficial role in all dimensions of RRI, but not all elements of the 

dimensions were equally enhanced. We specifically observed learning in relation to the 

following: recognizing complexities of technology development, seeing the bigger picture, 

 

T 
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understanding inclusion as a learning exercise and means to an end (not an end in itself), 

raising moral awareness, opening up the design, and identifying meaningful actions. 

However, we also found that the scenario work did not yield explicit system thinking nor 

reflection on underlying power dynamics, promises and governance that shape science and 

innovation. Results further suggest that because the scenario work was applied to students’ 

own innovation projects, this added to a sense of meaningfulness to otherwise negatively 

assessed ethics undertakings. However, since students in the iGEM teams often divided 

tasks, impact can be considered rather individual. We argue that our findings suggest an 

important role for future RRI experiments, especially with regard to the ambition of 

increasing transparency in science and technology and the aim for more transdisciplinary 

collaboration.  

6.1 Introduction 

Synthetic biology can be understood as “the design and construction of new biological 

parts, devices and systems as well as the re-design of existing natural biological systems for 

useful purposes” (Roberts et al. 2013:1219). The field of synthetic biology is seen as a 

rapidly emerging field and has attracted worldwide attention for its potentially 

transformative impact (Church, Elowitz, and Smolke 2014; Kaebnick et al. 2014; Si and 

Zhao 2016). On the one hand, synthetic biology is regarded as a valuable tool in addressing 

important challenges in, for example, (public) health, natural resource management and 

energy security, while on the other hand, the development also raises concerns about 

potential risks as well as moral and social issues, for instance on the limits of ‘tinkering’ 

with life and nature or socio-economic implications for developing countries. 

Against this backdrop, several organizations initiated early assessments of potential ethical, 

legal and societal implications (ELSI) of synthetic biology and stimulated early public 

engagement thereon (Rerimassie et al. 2015). More recently, the concept of Responsible 

Research and Innovation (RRI) has received considerable attention particularly from the 

perspective of policy (makers) (Landeweerd et al. 2015; Rip 2014). RRI is a form of 

anticipatory governance (Guston 2013), involving a shift from individual to collective 

responsibility to ensure positive outcomes of R&I in the future (von Schomberg 2013). 

Through RRI, the European Commission for instance, aims to better align both the 
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innovation process and its outcomes with the values, needs and expectations of European 

societies (European Commission 2014). Over the past decade, several initiatives to promote 

RRI in the field of synthetic biology have emerged.  

One of these initiatives is SYNENERGENE17, a European project that aims to contribute 

to RRI of synthetic biology by organizing activities that foster an open dialogue between a 

wide variety of actors. In this paper, we will reflect on one of these activities, where a 

collaboration was sought with the community related to the international Genetically 

Engineered Machines (iGEM) competition. In the iGEM competition teams of students 

use standardized genetic building blocks (BioBricks™) to design microorganisms with 

novel and useful properties. The iGEM teams design, build and test their innovations over 

the course of the summer and gather at a ‘giant’ jamboree during the fall to present their 

work. Because of its notable scale and scope18, the iGEM competition (and with that, the 

iGEM community) is recognized as very influential in the development of synthetic 

biology (Balmer and Bulpin 2013; Smolke 2009). One aspect of the competition, relevant 

to this study, is the so-called ‘Human Practices’ work that all teams engage in. This work 

entails going “beyond the lab”; students have to imagine their projects in a real-life context 

and consider the societal aspects of their research. Taking these ‘Human Practices’ into 

account is regarded as “crucial for building safe and sustainable projects that serve the public 

interest”19. It is argued that the iGEM competition can be seen as an RRI laboratory 

(Stemerding 2015) and therefore provides us with an interesting space to learn about the 

further operationalization of the relatively new concept of RRI.  

From 2014 to 2016, SYNENERGENE supported a number of iGEM teams in parts of 

their ‘Human Practices’ work. This paper focuses on the first year in which we organized 

                                                

 

17 Funded by the European Commission’s FP7 Science in Society Work Program. 

18 In 2014, 245 teams with in total 4515 students participated in the competition. 

19 www.iGEM.org/Human_Practices  



Study 3/ Constructing future scenarios 

 101 

and guided seven teams in constructing future scenarios aimed at examining the plausibility 

and desirability of their synthetic biology design. In this paper, we aim to examine to what 

extent constructing such future scenarios – and its accompanying activities and learning 

process – can be seen as a contribution to RRI. Given the interest in RRI in several policies, 

we hope to gain insights into how RRI can be put in practice effectively. As such, we 

formulated the following research question: 

To what extent, and in what ways, can the constructing of future scenarios contribute to 

RRI practices? 

The paper is structured as follows: first, we discuss our hypothesis of how constructing 

future scenarios could contribute to RRI. Here we will also introduce the guidelines on 

constructing scenarios that we developed for the iGEM teams. Second, we will elaborate 

on our research strategy and the analytical concepts we use for data analysis. Then we will 

discuss the results. Last, we will share our lessons learned and draw conclusions. 

6.2 Imagining the future with application scenarios and techno-moral vignettes  

We structured our collaborations with the iGEM teams as real-time technology assessment 

(TA) activities (Guston and Sarewitz 2002). The aim of real-time TA is to open up 

technological design and innovation to a wide range of actor perspectives already in early 

stages of development (van Est, Walhout, and Brom 2012; Rip and Robinson 2013). As 

described by Lucivero (2012), it is challenging to integrate normative sensitivity in TA 

practices. Virtual imaginations of the feasibility and desirability of future innovations in 

which technical and social components are connected over time could enhance the 

integration of this ideal of normative sensitivity (Lucivero 2012; Selin 2011). In essence, 

imaginations of the future can be ‘tested’ in an anticipatory way, by integrating feedback 

from the outer world in the virtual innovation (also called ‘the virtual prototype’). Our aim 

was to organize a process of continuously going back and forth between the virtual 

innovation and the context in which the innovation takes place. 

For this process, we developed two sets of guidelines for constructing future scenarios: (1) 

to write application scenarios and (2) to create techno-moral vignettes. Application scenarios are 

empirically grounded speculations, based on our current understanding of the world, and 
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describe how a particular innovation might be taken up in this world in terms of 

answering user needs, having a business case, and complying to rules and regulations. 

Techno-moral vignettes come somewhat closer to science fiction with the aim of triggering 

imagination and reflect on the desirability of a technology. It can take any form of genre, 

depicting future snapshots of wider societal implications and value conflicts as ‘soft 

impacts’, in worlds where particular (synthetic biology) applications are supposed to have 

been widely adopted (Lucivero 2012; Swierstra and te Molder 2012). The guidelines 

consisted of a variety of tools and exercises and relevant literature. For example, in the 

application scenario guidelines the students learn how to make and use stakeholder maps, 

personas, a product life-cycle analysis and filling in a business model canvas. In the 

guidelines for writing techno-moral vignettes the students learn to distinguish between 

hard and soft impacts and different argumentation patterns and how to incorporate these 

insights into their virtual prototype. During the iGEM project, the teams were coached by 

two STS (science and technology studies) researchers, authors AWB and VR. The 

guidance entailed (1) several (Skype) meetings in which activities, articles, and outputs 

were discussed, (2) contact via e-mail, and (3) (digital) feedback on draft versions of the 

future scenarios.  

The real-time TA activities that the teams engage(d) in should also be seen as learning 

processes, where the writing of scenarios serves both internal as well external purposes. 

While choices in the design of a technology reflect the choices of the innovator, increased 

awareness about broader issues that may come into play in future uses of the technology, 

could in turn influence the internal considerations and values shaping the process of design 

(van de Poel 2013; van de Poel and Kroes 2014). In the language of the iGEM community 

this internal purpose of scenario learning adds to Integrated Human Practices. An important 

external purpose in human practices for iGEM teams is Education and Public Engagement, in 

which scenarios may serve as a medium for communication and debate. Indeed, as 

SYNENERGENE partners, we have used such scenarios in theatrical debates, involving 

publics in discussions about futures of synthetic biology. 
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6.3 Research strategy and analytical concepts  

For this study, we examined the (learning) experiences of seven iGEM teams that we 

guided in their scenario work in the period of from May–October 2014. The teams 

consisted of 10-21 students with various backgrounds such as (molecular) biology, 

biotechnology, engineering, (bio)chemistry, bioinformatics, and computer science (BSc 

and MSc). See Table 6.1 for an overview of the participating teams. 

Conceptual framework 

To guide and structure the data collection and analysis, we used the conceptualization of 

RRI as comprising four dimensions: anticipation, inclusion, reflexivity, and responsiveness 

Table 6.1. Participating teams 

Team name / (university) Topic Guidance 
(author) 

Interview 
with / 

Bielefeld-CeBiTec (Bielefeld 
University) 

The Transformers – From 
carbon dioxide to biofuel 

AWB 1 

Groningen 
(Rijksuniversiteit Groningen) 

LactoAid – A smart bandage 
for burn wounds 

VR 2 

LMU-Munich 
(Ludwig-Maximilians-
Universität München) 

„BaKillus“ – Engineering a 
pathogen-hunting microbe 

VR 2 

TU_Darmstadt (Technische 
Universität Darmstadt) 

E. Grätzel – Solar BioEnergy AWB 1 

TU_Eindhoven 
(Eindhoven University of 
Technology) 

Click Col – Expanding the 
chemical toolbox for bacteria 

VR 2 

TUFTS (Tufts University) Ribosponge – Robust biofilm 
formation  
using a cyclic-di-GMP 
aptamer and investigating 
ethics and applications of 
engineered bacteriophage 

VR 1 

Wageningen_UR 
(Wageningen University and 
Research)  

BananaGuard – Biocontrol of 
Fusarium oxysporum using 
Pseudomonas putida 

AWB 3 
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(Stilgoe et al. 2013). For each dimension we distilled key questions and indicators, see 

Table 6.2.  

Data collection & analysis 

The results in this paper focus on the experiences of the students in doing the scenario 

work. The data was obtained from our observations during the guidance of the scenario 

work, document analysis, and semi-structured interviews we held with the teams a few 

Table 6.2. Key indicators of RRI dimensions, summarized from Stilgoe et al. (2013) 

 Dimension Key indicators 
Anticipation Showing the capacity to ask “what if”-questions. (What is likely?; What 

is plausible?) 
Showing the capacity to think systemically 
Acknowledging the value of system thinking 
Explicitly recognizing complexities and co-evolution 

Inclusion Recognizing and acknowledging engagement beyond key stakeholders 
Diversifying the inputs to and delivery of governance 
Opening up framings of issues 
Recognizing engagement as a learning process 
Opening up discussion on future social worlds 

Reflexivity Being able to hold a mirror up to one’s own activities, commitments, and 
assumptions 
Being aware of the limits of (technical) knowledge 
Being mindful that a particular framing of an issue may not be 
universally held 
Scrutinizing value systems and theories that shape science and innovation 
Opening up alternatives 
Rethinking prevailing conceptions about the moral division of labor 
within science and innovation 
Recognizing wider moral responsibilities 

Responsiveness  Acknowledging the need or possibility to change shape or direction in 
response to stakeholder and public values and changing circumstances 
Recognizing insufficiencies of knowledge and power 
Being able to situate the project in the wider political and economic 
landscape  
Showing the capacity to scrutinize science system elements and 
governance mechanisms (e.g. with regard to intellectual property 
regimes, and funding)  
Incorporating particular ethical values in their design 
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weeks after the jamboree. The different methods informed one another and as such 

strengthened the subsequent analysis. 

Observation: During the guidance of the scenario work, the supervisors made notes of 

their observations and experiences. During the iGEM jamboree that was held in October 

2014, we hosted two workshops where the teams presented their scenario work and 

discussed theirs and others’ work. The workshops were audio-recorded to be able to 

contextualize and give more coherence to the narratives of the students’ experiences (see 

e.g. Emerson et al. 2001:388).  

Document analysis: We also used the outputs of the teams – their scenarios, vignettes, text 

on their wikis, and their presentations – as a means of further interpretation of the 

interviews and our observations.  

Interviews: We held seven semi-structured exit interviews with in total 12 representatives 

of the seven teams. An interview guide was developed based on our experiences with the 

teams, their presentations during the workshop and current insights from RRI literature, 

most notably the framework, as presented above. The objective was to guide the students 

in conveying their account of experiences as related to RRI practices, using the guiding 

questions and context provided by our experiences and the workshops tapes to support the 

unfolding of narratives – as determined by the students themselves (see: Galletta 2016:48).  

The interviews were transcribed verbatim and coded by authors AWB and VR. AWB and 

VR first thematically analyzed the transcripts of the teams they guided independently (see 

e.g. Braun and Clarke 2006). The key indicators as presented in Table 6.2 were used to get 

a first understanding of the effects of the scenario work in terms of RRI. However, as our 

data suggested different interpretations of the four dimensions, we used a bottom-up 

coding approach in which we stayed closer to our data. After the first round of coding, 

AWB and VR reviewed each other’s analysis, and together they reflected on and refined 

the codes and themes. We then sub-clustered the results in themes to emphasize the 

specific elements of a certain dimension. As a final step, we compared our interpretations to 

the conceptualization of Stilgoe et al. (2013). 



Chapter 6 

 106 

6.4 How did the scenario work contribute to RRI practices, according to iGEM 

students  

In this section, we will describe our findings in terms of the four RRI dimensions and their 

indicators. In looking back at the scenario work, what did the iGEM teams experience and 

learn with respect to RRI? First, we will give a brief impression of what the scenarios, as 

developed by the iGEM teams, looked like. 

The scenarios developed by the iGEM teams 

In terms of reporting towards SYNENERGENE, we asked the iGEM teams to provide a 

written description of their scenarios. Other than this, we did not impose any formal 

requirements of how they depicted their scenarios. All of the teams integrated their 

scenarios in their team websites (“wiki’s”) in the form of written texts, occasionally 

supplemented with infographics or other images. As intended, the parts relating to the 

application scenarios go beyond mere ‘scientifically oriented’ texts. In addition to 

describing the functionality and intended (future) use of their design, they focus on the 

broader societal context of their project, such as outlining the (societal) problem at hand, 

business plan and regulatory context. This holds for all of teams, but good examples hereof 

are the work of iGEM Wageningen20 and iGEM Tufts21. In the guidelines for the 

construction of techno-moral vignettes we provided the teams with examples of vignettes 

that were previously developed in the “Synthetic biology scenarios” project of the Dutch 

Rathenau Institute22, the techno-moral vignettes that were made by the teams were 

inspired by these examples we provided. Teams often created short stories zooming in on a 

moment in the future in which their innovation had an impact on society. They used the 

insights from their application scenarios as input. Interesting examples hereof are the 

                                                

 

20 http://2014.igem.org/wiki/images/1/1a/Wageningen_UR_synenergene_app_scenario.pdf.  

21 http://2014.igem.org/Team:Tufts/app_scenarios.  

22 https://www.rathenau.nl/nl/page/synthetic biology-scenarios 
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vignettes of iGEM Darmstadt23 and iGEM LMU-Munich24. Logically, the outputs of the 

different teams varied in quality and quantity, but all teams were successful in the 

construction of insightful and informative scenarios and vignettes. Some teams created 

several scenarios to explore different possible trajectories, others created one larger 

application scenario.  

Anticipation 

Stilgoe et al. (2013) describe anticipation as the capacity to recognize complexities and 

think systemically, thereby revealing a socially robust agenda for (risk) research and 

innovation. During the interviews, students described three experiences and learning 

moments indicative of anticipation: (1) understanding the project as an iterative process of 

investigation, (2) seeing the bigger picture, and (3) considering ‘the outer world’ early in 

the process. 

Understanding the project as an iterative process of investigation 

One thing that stood out in the experiences of the students was how the scenario work 

helped them in creating an iterative process of investigation. The first example below 

shows how students organized multiple moments of reflection by going back to their 

scenario several times.  

 “We shared them [the possible scenarios] and had someone else read them. [...] We 

had several rounds of feedback, you do A, I do B, then turn it around. Read it again 

and add your suggestions.” (interview, TU/e) 

Connected to this idea of ‘going back and forth’, was what students described as the 

obligation to tie loose ends. As one student says: 

                                                

 

23 http://2014.igem.org/Team:TU_Darmstadt/PolicyandPractices/Techno-moralVignette.  

24 http://2014.igem.org/Team:LMU-Munich/Rathenau.  
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 “Writing it down is a structured way to really bring it together [...] then you will 

notice the holes and think ‘I need to figure this out’.” (interview, WUR) 

These examples reflect insights into the complexities of technological development; the 

idea that in trying to make predictions you have to navigate between the outer world and 

your innovation. 

Seeing the bigger picture 

Another point that was often voiced by students related to how the construction of 

scenarios aided them in ‘seeing the bigger picture’. Most students recognized this potential 

in terms of being able to tell a coherent and ‘honest’ story. They explicitly mentioned the 

wish to be honest about the impact of their innovations, which was not always easy, given 

the context of a competition. As one student described:  

 “Sometimes it can be more about selling [...] and you are not always honest in that, 

because you also want to win.” (workshop at jamboree, TU Darmstadt) 

Furthermore, the process helped in recognizing the interwovenness of technical and social 

elements of their innovation, beyond deficit ideas of the publics. 

 “I didn’t expect it to be so helpful, there was so much more to it [the technological 

part], we learn about safety and security, but now [...] also about things like how 

someone’s life might change, all kinds of things related to work and culture.” 

(workshop at jamboree, Bielefeld-CeBiTec) 

Considering ‘the outer world’ early in the process 

A third indicator of anticipation relates to the notion of time in reacting to things from 

“the outer world”.  

 “We saw this [SYNENERGENE] project as a way to understand the risks better, 

and to be able to counteract them – also in case of questions of course.” (interview, 

TU/e) 

This quote shows that the scenario work helped them in answering questions and 

considering concerns in time, before they were going to be asked about it. This sense of 
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“preparedness” was also beneficial to the students because it helped them in their 

motivation. As another student puts it:  

 “It was a great feeling to feel like I was, or we were, in charge, and that if something 

would come up we could easily deal with it, questions, or things that needed to be [...] 

adjusted, [...].” (personal communication, Bielefeld-CeBiTec) 

Inclusion  

Following from Stilgoe et al. (2013) inclusion should be seen as a learning process in which 

new modes of deliberation go beyond engagement with key stakeholders, thereby also 

opening up discussion of future social worlds. From our results, it becomes clear that the 

scenario work aided the students’ understanding of this more nuanced perspective of 

inclusion, but that there is room for improvement – especially with regard to its aim of 

critically interrogating the ‘social constitutions’ inherent in technological options. Students 

described two experiences and learning moments indicative of inclusion: (1) being aware 

that inclusion is not an end in itself, and (2) seeing inclusion as a learning exercise. 

Being aware that inclusion is not an end in itself 

Most students acknowledged that inclusion should not be seen as an end in itself. 

Interestingly, in one case this insight led to not inviting members of the public at all during 

the project time. This was not because they did not want to, or did not see any potential: it 

was more the combination of time issues and the desire to only do something if it was in 

fact meaningful.  

 “I mean, only if your project is about education or something, then it makes sense to 

go to a school, but other than that it makes no sense [..] For our project we just did 

not have such a group, and we didn’t have the material ready early enough to reach 

out to wider audiences.” (interview, TU Darmstadt) 

Other teams did however succeed in using insights from the scenario work to organize 

interactions with societal actors:  

 “I don’t think we would have found these people without having these [scenarios].” 

(interview, TU/e) 
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Seeing inclusion as a learning exercise 

The idea of inclusion as a learning exercise entails two elements: the first is that the process 

should organize ways of feedback into the technological project, and the second is that it 

should open up framings of issues and future social worlds. The first element is something 

most students reflected upon; they used the scenarios and vignettes explicitly in organizing 

feedback into the project. Many emphasized how they were pleased with how they could 

connect their explorations to their other (more technical) work.  

 “Initially, we went to the hospital with an educational mind set [...] because of 

SYNENERGENE we really went looking for the weaknesses in our product. [...] 

We went back to the hospital and thought ‘we want to know more about the ethical 

aspects’.” (interview, RUG)  

This quote shows how not only they managed to engage with stakeholders they would not 

have engaged with otherwise, it also reflects insights into plurality of perspectives and 

appreciation of other types of knowledge (linking also to the dimension of reflexivity).  

The idea that whatever comes out of engagement practices should find its way back into 

the project is not new at iGEM (it is on the list of judgment criteria) but many students 

acknowledge that this was not easy. They can imagine how this would work easily in cases 

of a clear target group (e.g. when the project is about developing a bedside diagnostic tool 

and they can do interviews with patients about their needs and ideas). Considering this 

difficulty, the construction of scenarios helped the students to broaden their perception of 

who can or should be included in an innovation project. As this student refers to the 

making of a persona (which was one of the tools/exercises in the guidelines): 

 “It really helped to think about this man, and where he lived, and the life he was 

living [...] our product came to life sort of, [...] if you think longer, there are so many 

people affected eventually by something.” (interview, TU Darmstadt) 

It was an explicit part of the second set of guidelines: trying to think about how others 

(end-users, patients, people living in a certain part of the world, parents, farmers, etc.) 

would look at the problem they were dealing with. Although it remained complex to tie 
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these insights to inclusionary practices, many students did explicitly describe how their 

experiences led to an increased understanding of the plurality of framings.  

Reflexivity: moral awareness  

According to Stilgoe et al. (2013) reflexivity entails, for instance, being able to hold a 

mirror up to one’s own activities, commitments, and assumptions, as well as recognizing 

wider moral responsibilities. We found that working on the future scenarios did strengthen 

the iGEM teams’ reflexivity. All teams expressed – in different wordings – that it 

contributed to a broader sense of moral awareness. This applies to the teams in general (and 

thus the project), but even more so, on a personal level.  

First, the scenario work triggered a broader moral awareness. While it may have taken 

some time before this manifested, it was considered valuable as well as fun. The iGEM 

team from RUG found themselves challenged to look beyond ‘typical’ risk-related 

questions and found this inspiring. It also led to questioning the position of scientists in 

society, as expressed by two members of the iGEM team from LMU-Munich. When 

discussing the work on the techno-moral vignettes during their exit interview they 

remarked: 

 “Scientists always say: it’s not my business. I just do it because its science and it 

brings us further. But what is good science? It brought us more in the direction to 

really consider it. Could there be a better way? Is it really good what we do?” 

(interview, LMU-Munich) 

The other team member continued: 

 “I think today science is very often very shortsighted. I mean theoretically think of 

the next set of results that he can publish. I think that really thinking for a second, 

and extrapolating to the future can be really helpful to shape your present work 

now.” (interview, LMU-Munich) 

Another student described how he thought that the scenario work experience helped him 

to develop a more critical lens:  
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“These are questions that really matter in the context of Synthetic biology. [...] It’s 

really a matter of looking at things differently, from a critical stance, and that is 

something I developed, which will remain, I’m sure.” (interview, WUR) 

These quotes demonstrate how working on the scenarios challenged the participants to 

reflect on their role as scientists in society and enabled them to consider wider societal 

perspectives. Interestingly, working on the scenarios turned out to be helpful in triggering 

such reflexivity in the context of basic research. The iGEM TU/e team developed a system 

called ‘Click Coli’, which would allow to ‘click’ different types of molecules on top of 

E.coli, such as coatings. Working on future scenarios helped the team to identify real-world 

applications in which their basic part could play an important role (iGEM TU/e, 2014). In 

their exit interview one of its team members noted that:  

 “You must keep an eye on an eventual goal. You cannot do basic research only for 

basic research purposes. By working on techno-moral vignettes you make sure that a 

team doing basic research considers concrete applications.” (interview, TU/e) 

A representative of TUFTS concluded the same: 

 “You are focused very specifically on the research. You rarely get to see that 

overarching picture. iGEM helps and I think SYNENERGENE helped more, 

because it gave you those guidelines and required you to do so.” (interview, TUFTS) 

Responsiveness  

The final RRI-dimension we consider is ‘responsiveness’: a capacity to change shape or 

direction in response to stakeholder and public values and changing circumstances (Stilgoe 

et al. 2013). We observed two ways in which the scenario work strengthened the 

‘responsiveness’ of the team: by opening up their design for insights from the real world 

and by identifying meaningful courses of action. 

Opening up the design  

One of the teams, the iGEM team from TU Darmstadt, made changes to their design 

partly as a result of the scenario work. The team aimed to address problems concerning 

access to electricity in African countries. In their application scenario, they describe how 
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rural areas face a lack of access to (stable) power grids. Against this backdrop and given 

limitations of currently available solutions, they argued that an off-grid system with low 

maintenance costs will be most appropriate given local conditions and population density 

to address this issue. To this end, they intended to engineer E.coli to produce a dye to be 

used in so-called ‘Grätzel cells’. These are electrochemical solar cells, that use a dye instead 

of a silica semiconductor material for the absorption of light. When taking Senegal as an 

example country – chosen for its difficult socio-economic and environmental conditions – 

they concluded that their product could contribute most in places other than where the 

product would be manufactured, and that the product should be suitable for downstream 

processing. In the production of dye-sensitized solar cells it is common to use anthocyanins: 

pigments that are soluble in water. However, in order to facilitate easier shipping and 

reduce costs, the product should preferably be in powder form. Therefore, they switched 

their dye of choice from naringenin to pelargonidin, which is an anthocyanidin – the sugar-

free counterpart of anthocyanins – that ensures extraction with organic solvents, which 

makes it easier to get the product into powder form. In order to do so, the team had to 

redesign the pathway of their engineered E.coli to produce this type of dye (iGEM TU 

Darmstadt 2014 policy and practices). 

Identifying meaningful actions 

For other teams, working on the scenarios did not lead to changes in the design as such, 

but it nevertheless inspired several actions. The iGEM RUG team developed ‘LactoAid’, a 

smart band aid to treat burn wounds and prevent infections. The end goal was to develop 

this into a commercial product. While discussing how the scenario work affected their 

project, one of the team members remarked:  

 “While working on the application scenario we considered the implementation of our 

product and learned that we’d ought to start in a hospital setting first. This is a 

heavily regulated environment, which at the same time would allow the 

implementation of the band aid. You cannot expect to have it in the drug store 

immediately.” (interview, RUG)  

Working on the scenarios thus increased the team’s knowledge on how to implement their 

product. First, implementation in hospitals is targeted (where the band aid certainly would 
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be valuable, according to stakeholder interviews). Later, the team aimed to target 

commercialization in stores, but only after the band aid had already been used in a 

controlled setting. Working on the scenarios thus contributed to the alteration and 

optimization of their implementation scheme. 

Other lessons learned   

Besides our insights into how, in this project, scenario work contributed to dimensions of 

RRI, we would like to share two other connected lessons learned: (1) the importance of 

writing and guidance, and (2) the importance of a sense of meaningfulness.  

The importance of writing and guidance 

When asked if the guidelines could be of use without having to construct scenarios and 

vignettes the students unanimously responded that the writing process was an essential 

part, as opposed to merely using a checklist. Several teams were convinced that without the 

actual writing of scenarios, crucial (moral) questions would not have emerged: 

 “Because of the story element you get to the ethical things. Ethical questions do not 

emerge through scientific texts. By evoking empathic moments with a character, you 

get to imagine the potential ethical consequences”. (interview, TU/e) 

In addition, many students commented on the positive effects of the collaboration with us 

as STS researchers. The multiple Skype conversations and feedback rounds were 

considered essential by most students. Some students remarked that without guidance they 

would not have given the scenario work as much attention, because they learned the added 

value only later in the course of the project. Students also expressed that, in the beginning 

of the collaboration (upon reading parts of the guidelines), they were concerned about 

their outputs not being up to standard or as expected by us. Even though it was our goal to 

emphasize that it was not the point to create perfect scenarios and that the value of 

(making) the scenarios lied in other (often unexpected) things, the non-definedness of 

possible outputs led to some concerns. Especially in an educational context (see below) 

these points might hamper the learning process in profound ways. 
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Meaningful human practices  

Students often compared to scenario work to courses on societal aspects of technology they 

had previously attended or to previous iGEM human practices work and emphasized how 

it was more meaningful for their projects and, with that, for them. Most students described 

moments where they felt “it clicked”, or “it all came together”, or “finally made sense”. It must 

be noted that most of these moments were rather late in the process, which can be a 

problematic point – certainly without guidance. Also, it has to be said that these 

experiences describe moments where a lot happened at the same time, and it is difficult to 

pinpoint what causes a moment of success and what constitutes ‘meaningfulness’.  

6.5   Conclusion and discussion  

The results of our study suggest that the scenario work – as undertaken in this project – 

had a positive impact on all four dimensions of RRI (anticipation, inclusion, reflexivity, and 

responsiveness, see Stilgoe et al. 2013). In this section, we would like to compare our 

findings to the conceptualization of these dimensions as described by Stilgoe et al. (2013). 

After that we describe two interconnected ways in which we saw that that the scenario 

work contributed to RRI. We will conclude by sharing methodological issues, the 

limitations of our study, and some implications for the future dialogue processes.  

Contribution of scenario work to the practice of RRI 

As described by Stilgoe et al. (2013) anticipation revolved around the development of the 

capacity to think systemically. In order to anticipate one should be able to recognize co-

evolutionary complexities, for instance by understanding the dynamics of promises and 

expectations that shape development (Borup et al. 2006). Our results suggest, however, that 

even though students often described situations of ‘seeing the bigger picture’, we would 

not say that a systems thinking approach was truly adopted. We did see that students 

deployed a strategy of going back and forth between their innovation and the ‘real world’, 

which, as we would argue, is a step in the direction of being anticipative: it acknowledges 

that such an iterative process is vital, but it is not necessarily built on unravelling 

underlying dynamics that shape innovation. 
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As emphasized by Stilgoe et al. (2013), one of the key elements of the function of inclusion 

is that it should open up discussion on future social worlds. It is explicitly not (only) about 

engagement of stakeholders, and the realization that engagement for the purpose of 

engagement is not inclusive should be key in this. Our results suggest that students did 

become more aware of this notion, partly because they were already seeking to find ways 

for ‘more meaningful’ human practices. With regard to deficit understanding of the public 

our results indicate mixed effects: students made attempts to emphasize how perspectives of 

the public should be taken into account, but still focused quite a lot on risk and knowledge 

communication in this regard.  

Stilgoe et al. (2013) provide a threefold conceptualization of reflexivity that entails: the 

ability to hold a mirror to one’s own activities, commitments, and assumptions, being 

aware of the limits of (technical) knowledge, and being mindful that a particular framing of 

an issue may not be universally held. It also means that prevailing concepts about theories 

that shape science and technology development and about moral division of labor within 

innovation should be opened up for inquiry.  In our study, we observed that the scenario 

work facilitated awareness of other values and expertise. This shift towards reflection on 

someone’s own background and the underlying value systems is what Schuurbiers (2011) 

refers to as ‘second-order reflexivity’ where values also become object of study. 

Furthermore, we observed a shift in focus from responsibility in terms of safety and 

security towards a focus on responsibility in terms of the role of science. However, we did 

not see an increased awareness in terms of the limits of knowledge per se. Students did 

acknowledge other perspectives as being important (see above) but this was more about 

overcoming issues of acceptation and possible mismatches, than that is was a sign or 

reflexivity with regard to limits of technical knowledge.   

Stilgoe et al. (2013) describe responsiveness as an acknowledgement of the need to shape 

innovation trajectories in response to public values and changing circumstances. Similar to 

the dimensions of anticipation this requires the scrutinizing of systems of power and 

governance that shape innovation processes. We saw that students were looking for ways 

to adapt their design based on insights from the real world. In that sense, they were open to 

changing their original plan, but this was more in terms of broadening their scope of 
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looking for information and input for their project. Albeit beneficial, it was hardly based 

on (the acknowledgement of) responding to public values.   

In conclusion, our results suggest that several elements of RRI dimensions were enhanced 

by the scenario work. However, as described above, we also acknowledge that various 

components were not or hardly triggered. This should not be interpreted as a shortcoming 

of scenario work; we conducted this analysis explicitly with the aim to increase our 

understanding on how scenario work (conducted by natural sciences students) could 

contribute to RRI practices.  

Now we would like to describe two factors of the scenario work (as implemented in the 

project) which enabled the outcomes on the different RRI dimensions. This is related to 

what Stilgoe et al. (2013) describe as the blurred lines between dimensions, which is 

important for integration and mutual reinforcing. First, the specific link between the 

scenario work and each individual innovation project made it more meaningful for 

students to engage in, they had more pleasure in doing it as they saw more added value in 

comparison to other (previously experienced) work into social dimensions of technology 

development. This level of real investment can be essential for all dimensions of RRI, since 

it stimulates motivation and enhances participation. Second, related to this idea of 

specificity was that the scenario work added coherence to their overall project. This also 

contributed to seeing an added value in this kind of work, but it also organized integration 

between different dimensions. For example, when going back and forth between the 

written scenario and possible responses of the public towards their scenario. 

With regard to the outputs of the teams, the scenarios and vignettes, we saw several 

differences and similarities. All teams were successful in constructing valuable scenarios and 

vignettes, but it must be noted that some teams managed to create more insightful or richer 

scenarios than other teams. However, we do argue that it is not the quality of the output 

per se that indicates a learning process. Our experiences suggest that although there is a 

relation between quality of scenarios and vignettes and learning, there is much more in the 

process that contributes to overall success in terms of RRI. A final point here is that all 

students had different points of departure with respect to understandings of RRI, which 
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was also reflected in the outputs and therefore might contribute to a false understanding of 

what was actually learned.  

Methodological issues  

In considering the design and process of our collaborations we would like to discuss three 

related elements. First, due to time issues and for educational purposes we organized the 

guiding of the teams around two sets of guidelines for constructing future scenarios: one 

about creating application scenarios – exploring the plausible –and the other about writing 

techno-moral vignettes – exploring the desirable. Although not directly suggested by our 

results, this division might have sparked or confirmed ideas of assessing technologies in this 

order: first the technology than its impacts. This was explicitly not the intention. 

Therefore, we have adapted the guidelines and guidance, emphasizing more the 

interwovenness of both sets of activities, in subsequent year. In the final product that came 

out of three years of collaboration (the online tool “the iGEMmers guide to the future” 

available from: https://routecraft.com/interactives/igem/), this division is no longer there: 

the interactivity of the tool made it possible to emphasize connections between the 

technical and the social without losing overview.  

The second point relates to the guidance of the iGEM teams by a STS researcher. This 

guidance was identified as one of the success factors. However, for future application of the 

scenario work this is not sustainable. The question is how to make the guidelines usable 

without the guidance of an STS researcher. To tackle this problem, we have aimed to 

design our online interactive tool in a modular structure in which all – or just a few – 

exercises and tools can be used in various orders. Nevertheless, we would be keen to 

experiment with less guided use of the scenario tool, and continue to build on the concept 

of real-time TA based on the evaluation of such a process.  

The third critical point with regard to the process concerns the division of responsibility in 

iGEM teams. Although it is logical for teams to divide tasks and make use of expertise, it 

can also hamper the learning potential. This accounts for all elements of the competition, 

but in terms of our overall goal to contribute to RRI practices this is something we should 

carefully consider. To deal with this issue we have now designed the tools in such a way 

that it tells the students when it would be advisable to work together, or what a good 
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moment would be to reflect on the work in a general team meeting. We do not propose 

that everyone does everything (per se), instead we argue for what Balmer et al. (2016:74) 

refer to as ‘collaborative experimentation’: “commitments to working together should be 

practical and rooted in the everyday situations in which they are to be implemented”.  

Limitations of this study 

Finally, we wish to discuss some limitations of this study. First, we would like to reflect on 

our own role in guiding the teams in their scenario work. As the teams were guided by 

two different authors this might have impacted the scenario work and comparison of 

results. To minimize the negative impact of this, the authors consulted with each other 

regularly throughout the process, designed and facilitated the workshops together, and 

jointly analyzed the data. The second limitation relates to the generalizability of this study. 

Because the students participated voluntarily in the collaboration, and they were the ones 

responsible for the human practices part for their study, the results might not be the same 

for a different group of students. However, it was not our aim to quantify how well the 

scenario work contributed to RRI, but rather in what ways. 

Looking ahead 

Considering this complex dynamic between on the one hand celebrating successful RRI 

practices, and on the other emphasizing that much still needs to be done, we want to 

highlight another positive aspect that came out of the interviews with the students with 

regard to the constructing of future scenarios – that of candor. Being in a tough 

competition like iGEM can have personal consequences (see: Smolke 2009), and thus may 

lead to masking failures or over-selling or hyping of results that constitutes an issue of 

relevance to the broader synthetic biology community (Frow 2013; Pardo Avellaneda and 

Hagen 2016). According to the students in our study, the scenario work opened up the 

possibility to be more frank because they had more to communicate about. In other words: 

because they already had a story, they did not have to make one up. We feel that these 

insights could be inspiring with regard to dynamics around issues of transparency and 

promises.  
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The outcomes of this study also suggest some directions for collaborations between the 

natural and the social sciences, a much-discussed issue in TA practices. As described by 

Balmer et al. (2016) there are two areas of critique that we should address: the risk of ‘tick-

boxing’ (referring to Jasanoff 2007),  and the risk of engaging in an ethics that is too 

speculative (referring to Nordmann and Rip 2009). Our results suggest that scenario work 

can be seen as addressing these pitfalls. By creating a collaborative process around the 

writing of application scenarios and techno-moral vignettes we were able to substantiate 

assessments and create a process of going back and forth between project and outer world, 

thereby creating a structure within which, as Rabinow and Bennett (2012) describe, 

practice can be oriented and reoriented as it unfolds”.  In this sense, scenario work can be 

seen to function as a space for “mutual reflection on the practices and relationships in 

scientific engagement, and on how these practices and relationships allow for the 

realization of specifies ends” (Rabinow and Bennett 2012).  

With regard to using scenarios for anticipatory purposes we see that our results connect to 

what van der Burg (2014) refers to as “the hermeneutic need for anticipation” in the sense that 

the activities conducted within the scenario work can be seen as meaning-making, not 

necessarily in order to design a better (future) innovation, but also to understand what is 

important in the now.   
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Abstract 

he emerging field of synthetic biology has the potential to have profound impact 

on our world. In order to develop synthetic biology responsibly in the public 

interest, it is often emphasized to ‘open up’ developments and organize inclusivity towards 

a more responsible research system. To this end, multi-stakeholder dialogues are often 

proposed to facilitate inclusive deliberation and enhance reflexivity. In this paper, we 

describe and analyze a multi-stakeholder dialogue on the role of synthetic biology in the 

energy transition in The Netherlands. The aim of our study was to unravel the concept of 

reflexivity and to understand in what ways a dialogue process could enhance reflexivity. 

We have conceptualized three dimensions of reflexivity: moral, epistemic, and social-

relational. We conducted two rounds of interviews with participants, to be able to adapt 

our dialogue design and understand the effects of the dialogue. We found that our dialogue 

specifically contributed to the epistemic and social-relational dimension of reflexivity, such 

as awareness of value plurality, but that is was more difficult to stimulate moral reflexivity. 

 

T 
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As a key implication for future dialogues in the context of RRI our findings suggest to 

approach a dialogue responsively and as a longer-term learning process.  

7.1 Introduction 

Synthetic biology is an emerging scientific field that aims to design and (re-)build 

biological systems with the aim to realize various applications leading to, for instance, 

cheaper medication or sustainable fuel (Khalil and Collins 2010; Singh and Vaidya 2015). 

On the one hand, the field is recognized to have a lot of (economic) potential and is often 

described in terms of its transformative capacity, leading to a new industrial revolution. On 

the other hand, most considerations of synthetic biology also stress the wider moral, social 

and political issues connected to the development of the field (Macnaghten et al. 2016). 

Considering this complexity, it remains a challenge to find ways to develop synthetic 

biology responsibly in the public interest. Many scholars and policy-makers therefore 

emphasize that we should acknowledge “the power of innovation to shape our collective future 

which requires us to think about what kind of future we want innovation to bring into the world” 

(Owen et al. 2012:758).  

This thinking is often conceptualized under the umbrella of Responsible Research and 

Innovation (RRI) (Stilgoe et al. 2014). A well-known definition of RRI is “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)” (von Schomberg 2013:69). RRI is a form of 

anticipatory governance (Guston, 2013), involving a shift from individual to collective 

responsibility to ensure positive outcomes of R&I in the future (von Schomberg, 2013). 

RRI presumes the alignment on values and purposes between a wide variety of stakeholders 

in order to define and organize this collective responsibility for research and innovation. 

To this end, it is often emphasized that inclusive deliberation activities are needed to bring 

together stakeholders that would normally not interact with each other, or to include 

perspectives or aspects that would otherwise be overlooked (Marris and Rose 2010; Seitz 

and Hagen 2016). This ideal of inclusivity is closely connected to the wish to be able to 

modulate trajectories of research and innovation on the basis of societal needs. 
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One way to give shape to such inclusive deliberation is to engage a broad range of 

stakeholder in a dialogue process (Benard et al. 2014; Roelofsen et al. 2011). A multi-

stakeholder dialogue (MSD) can help to address complex problems with contradictory 

stakeholder demands and visions (Calton and Payne 2003; Dodds 2016; Wilsdon and Willis 

2004). In an MSD a wide variety of stakeholders is invited in order to enhance mutual 

understanding and trust, generate knowledge, and possibly initiate or improve cooperation 

(Calton and Payne 2003; Falkenmark et al. 2004; Roloff 2008). The underlying assumption 

is that all stakeholders possess relevant knowledge and that there is more than one ultimate 

reality (Calton and Payne 2003; Glynn and Dacin 2000). 

In deliberating complex technological developments, it is important to account for and 

reflect on the plurality of opinions, frames, and perspectives (Edelenbosch, Kupper, and 

Broerse 2015; Stirling 2008). However, even though reflection has been recognized as a 

crucial element of inclusive deliberation to generate an impact on research and innovation 

(Edelenbosch et al. 2015; Fisher et al. 2006; de Jong 2015; Stilgoe et al. 2013), it has also 

proven to be rather difficult to conceptualize, facilitate or evaluate reflexivity (Benard et al. 

2014; Edelenbosch 2014; Lynch 2000). One reason for this is its terminological ambiguity 

(Hamati-Ataya 2012). For instance, daily work practices of stakeholders can function as an 

a priori filter for what is observed, potentially leading to blind spots and misunderstandings 

based on different starting observations that are then difficult to resolve (Benard and de 

Cock Buning 2013). Similar to this, research also shows that value conflicts can be 

unsolvable when participants of a dialogue adhere to their own problem-setting stories 

(Kupper 2009), not in the last place because of its terminological ambiguity.  

Stilgoe et al. (2013) describe reflexivity as: “holding a mirror up to one’s own activities, 

commitments and assumptions, being aware of the limits of knowledge and being mindful 

that a particular framing of an issue may not be universally held”. Based on this description 

of Stilgoe et al. (2013) in this article we conceptualize reflexivity as having a moral, 

epistemic and social-relational dimension. The moral dimension entails being able to 

challenge your own assumptions and roles and unravel your own viewpoints, also with 

respect to wider (moral) responsibilities. The epistemic dimension concerns awareness of 

factors that influence innovation other than technological and the ability to see innovation 

in a wider social and political landscape. The social-relational dimension involves being 
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aware that different value systems and worldviews exist and therefore also different 

problem and solution definitions might occur.� 

In this paper, we analyze an MSD initiative on synthetic biology in The Netherlands. The 

goal of the MSD was to contribute to RRI on synthetic biology in the energy transition. 

We studied the MSD as an exemplary case: (1) to explore dimensions of reflexivity, and (2) 

to investigate in what ways reflexivity can be enhanced in a multi-stakeholder dialogue.  

7.2 Methods  

In this research, we used a case study approach. In March 2016, a two-day MSD on the 

role of synthetic biology in the energy transition was organized, which provided a unique 

opportunity to study the complexity of realizing effective frame reflection in the setting of 

an MSD. The MSD was conducted within the framework of SYNENERGENE25, a 

Europe-wide RRI project that aimed to contribute to a more meaningful science-society 

dialogue on synthetic biology.  

Case description 

In organizing a dialogue process, it was considered essential to devote time to 

understanding the roles, perspectives, and expectations of stakeholders involved or affected 

by the technology of topic (Cuppen, Breukers, and Hisschemöller 2010; Edelenbosch et al. 

2015; Rip and te Kulve 2008). Since a stakeholder’s perspective cannot be based on his/her 

job or function alone (and because reflection on the broad diversity of perspectives is a key 

element in these dialogues) selection was based on an empirical analysis of the diversity of 

perspectives, as suggested by Cuppen (2012). Therefore, stakeholders were selected not 

solely on their membership to a certain stakeholder group (e.g. industry, NGOs, natural 

sciences, etc.) but also on their perspective on synthetic biology and renewable energy. 

Based on scientific literature, exploratory interviews with stakeholders and online 

                                                

 

25 Synenergene.eu 
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information the following six guiding perspectives on synthetic biology were identified: 

(1) focus on knowledge development, (2) be skeptical and halt development of synthetic 

biology, (3) focus on small-scale implementation of synthetic biology instead of more 

research, (4) deploy a strong market orientation, (5) focus on knowledge development in 

the market, and (6) be pragmatic and put things in practice now with the knowledge that 

is available. Together with other ordering principles (to ensure diversity) these perspectives 

were used to map potential stakeholders on a grid.  When missing a certain stakeholder 

group or perspective another participant was invited, for instance by using the personal 

network of invited stakeholders who could not attend. The division on perspectives and 

stakes was used to approach group of stakeholders as diverse as possible. In total 15 

stakeholders participated in the MSD; 7 on both days, 3 only on day 1 and 5 only on day 2. 

An overview of the dialogue design is provided in Table 7.1.   
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Table 7.1: overview of the dialogue design 

Exercise Aim Questions that we asked the participants 

Day 1 

1/ introduction Getting to know each other 
playfully 

Which three words would you use to 
describe yourself? 

2/  
defining the 
problem 

Collective problem 
exploration  

Which (key) terms; values; issues do you 
associate with the concept of energy 
transition? 
What assumptions do you have with regard 
to the concept of energy transition? 
How would you categorize these terms; 
values; issues and assumptions? (Here we 
used pre-stated categories, and participants 
could formulate their own) 

3/ value 
interviews 

Unravelling and mapping 
of values  

What is important to you, when you think 
about the future of energy?  

4/ dreams & 
impacts 
 

Give meaning to and 
prioritize right impacts 

What would the ideal world of 2046 with 
regard to energy (transition) look like?  
Which right impacts are most important 
and why? (Here we provided 7 impacts and 
one wild card) 

5/ building the 
future 

Hands on and creative 
exploration of instruments 
and mechanisms to realize 
right impacts; using LEGO 
bricks/blocks, clay, stickers 
and pencils. 

What does the ‘right future’ look like? 
What is required to realize this? 
Which interests and values are at stake? 
Which drivers and inhibitors play a role? 

6/ towards 2046 Specifying the road towards 
the right impact 

Which changes are needed? 
Which contributions are needed to make 
these changes? 
In which interval do these changes and 
contributions need to be made? 
Which interests, values, drivers and 
inhibitors are at play? 

7/ theatrical 
debate 

Playful and interactive value 
reflection 

Topics addressed: 
The plurality of perspectives on ‘Synthetic 
biology-futures’  
The roles of these perspectives on problem 
definitions and defining solutions regarding 
synthetic biology 
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Day 2 

8/ synthetic 
biology & 
scenarios 

Familiarization with 
synthetic biology and RRI, 
connecting synthetic 
biology to the outcomes of 
day 1 

Topics addressed: 
Responsible development of synthetic 
biology 
The possible roles of synthetic biology in 
the energy transition 
The connections between synthetic biology 
and the outcomes of day 1 

9/ stand up for 
your idea 

Exploring and reflecting on 
possible innovations on the 
intersection of synthetic 
biology and the energy 
transition 

What could be possible links between 
synthetic biology and one of the future 
visions regarding the energy transition? 
Which idea would you pick to further 
develop? 

10/ value 
roulette 

Playful exploration of values Which values do you consider important 
with respect to the role of synthetic biology 
in the energy transition? 

11/ back to the 
future 

Specification of an idea of 
interests and exploring and 
reflecting on the social 
dynamics when 
implementing this idea 

How would you design this innovation in 
order to contribute to responsible 
innovation? 
What are requirements (for the 
development of this innovation)? 
What are possible threats (when developing 
this innovation)? 
Which values are at stake with the 
development of this innovation? 
What societal dynamics might result from 
the diversity in values and problem framings 
when implementing this idea in a possible 
future? 

 

Data collection 

We analyzed the case using the approach of ‘responsive evaluation’. In responsive 

evaluation, evaluation is not considered as an analytical procedure only, but also as a 

dialogical process in which various people are approached as partners via conversations 

(Abma 2001). It is grounded in social constructivism; human beings are interpreters of their 

surrounding and to that effect construct their own reality (Abma, 2001; Abma 2005). 

Evaluation criteria are therefore explicitly related to underlying value-systems of 

participants in order to enhance salience of the analysis and facilitate mutual understanding. 
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In that way evaluation is tailored towards the issues and values of all participants in the 

process (Abma, 2005).  Since the knowledge that results from the evaluation is context 

bound and shared via stories, this way of evaluating could be an appropriate way to enlarge 

the influence of the MSD as well as evaluate its influence (see e.g. also: de Jong 2015). 

Methods for data collection included semi-structured interviews (two round of interviews 

– before and after the MSD) and participant observation (during the MSD). 

Interviews 

In the first round, before the MSD, ten of the fifteen participants were interviewed to 

gather narratives on synthetic biology and renewable energy in the context of the 

stakeholders everyday live. We used two short lists of guiding questions, including 

questions such as ‘Why do you do the work you’re doing?’ (instead of ‘Why do you do 

what you do?’) and ‘What are the defining moments in your path to this point?’.  

In the second round of interviews, a few weeks after the MSD, all fifteen participants were 

interviewed (again). This time the focal point was gathering narratives on the 

correspondence between what the stakeholders considered important with regard to 

synthetic biology and renewable energy in the first interview and at that moment in time 

as well as the influence of the MSD on the possible difference that occurred. We posed 

questions such as ‘Which moment in the dialogue do you remember best, and why?’, ‘Did 

you discuss the dialogue with friends of family, and what did you tell them about it?’ and 

‘What would you say was something we could have left out?’.  

Since the interviews had a dialogical character, narrative rationality instead of 

argumentative rationality was central. In line with this, we also derived or adjusted the 

evaluation criteria based on stakeholders’ narratives (Abma, 2005). The interviews were 

conducted by authors AWB and AH. In the results section, we will refer to the participants 

as P1 – P15 and as male. 

Participant observation 

The MSD was moderated by author FK, the exercises were facilitated by authors AWB, 

AH, and another colleague. During and after each exercise, all three facilitators took notes 

of what they had observed. At the end of both days the facilitators compared notes, and all 
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interesting moments and insights were logged. In addition, all the outputs (flip-overs, 

notes, etc.) were photographed and digitalized for analysis. 

Data analysis 

The interviews were transcribed and coded using MAXQDA.11 software. The interview 

transcripts, the notes on our observations during the two-day dialogue and the 

photographs of the outputs of the MSD were compared. For example, when a participant 

in the second interview reflected on a specific moment during the dialogue, we went back 

to the outputs to make more sense of that moment. In a final step of the analysis we 

labelled the interviews thematically. With respect to reflexivity we distinguished three 

dimensions, as described in the introduction: moral, epistemic and social-relational. In 

addition, we formulated two themes: (1) from reflexivity to change, and (2) reflections on 

the MSD design in relation to enhancing reflexivity. 

7.3 Results 

In this section, we present the results of this study. First, we will elaborate on the outcomes 

in terms of dimensions of reflexivity, then we will discuss the lessons learned with regard to 

barriers between reflexivity and action, and will analyze the elements of the design of our 

MSD in relation to enhancing reflexivity.   

Dimensions of reflexivity  

Epistemic dimension 

INCREASED AWARENESS ON THE ROLE AND LIMITATIONS OF TECHNICAL KNOWLEDGE  

On several occasions participants explicitly reflected on the role and limits of technical 

knowledge. They described how, during the dialogue, questions arose that could not be 

answered using technical knowledge only. One participant reflected on such a moment 

with respect to ethical issues of synthetic biology: 

“Should we want this? All of it will be possible sooner or later, but do we need to 

draw lines in this? [..] For me that’s a thing, where to draw the line personally? But 

that is... well, I haven’t figured that out at all.” (P7) 
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There were also questions related to the complexity of the utilization of technical 

knowledge: 

“When you look at the literature a lot of opportunities are raised, but where are they, 

why isn’t anyone developing those? But on the other side, if I think about how a 

scientist would maybe want to start a small business, how complex and difficult that 

is. And where do you get the money and resources from? [..] the business sector also 

needs its place, right? Those sorts of things are just not my thing [..] It’s not about 

development of synthetic biology in the sense of ‘I can make this, hey that’s nice, the 

world changes’. No.” (P3) 

During the dialogue we also observed that many participants struggled to make sense of 

uncertainty with respect to the development of technical knowledge in the future. This was 

especially visible during the exercise ‘Towards 2046’ where participants had to make a 

timetable for the coming 30 years. In small groups participants had to visualize the future 

of synthetic biology and renewable energy in three time slots. One group quickly began to 

fill in current facts and figures, for example in relation to the worlds’ energy consumption 

or what was now technically possible concerning synthetic biology and they could easily 

project the next 10 years. However, after having sketched the first 10 years the writing and 

drawing became more complicated. It became clear that for the episodes further in the 

future the technical aspects, their focus during the first period, were less predictable. They 

then started to try to envision societal and political aspects, and subsequently connected 

these aspects to the facts they had already written down, mostly for the first time-slot.  

Overall, it was interesting to see how often the difference between technical knowledge 

and other kinds of knowledges became a topic of discussion. In addition, participants were 

enthusiastic about seeing more sides of the problem.  

Social-relational dimension  

PERSPECTIVES & PLURALITY  

When asked about what they remembered most of the two-day MSD many participants 

often mentioned the confrontation with the different ways people look at synthetic 

biology and renewable energy and the eye openers this provided: 
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“I just never imagined that these [ethical issues] were so pressing for some people, 

that people really find that so important. I never gave that more thought.” (P15) 

After each exercise, groups had to share what they had made or discussed and this also led 

to an increased awareness of the different ways people look at synthetic biology and 

renewable energy.  

“The thing that stuck most to my mind was when we had to discuss each other’s’ 

table, and that I kept hearing the word ‘beauty’ on the other tables – something that 

we didn’t think of at all. [...] So it does make you more aware of all the different 

angles to look at something, not necessarily only related to beauty, but to everything.” 

(P5) 

To challenge the participants’ habitual ways of thinking, discussions on the topic of 

synthetic biology were deliberately postponed to the second day of the dialogue. We 

observed that the discussions on the future of renewable energy in all three groups reflected 

a broad variety of (types of) solutions, which was unexpected for several participants. One 

participant, for example, recalls a moment that gave him insight into how problems and 

solutions can be set based on someone’s background and how that influences the 

conversation. As P4 describes:  

“I thought it was interesting to see how people with different backgrounds look 

differently at problems. In the first group that I was part of there were some people 

with a policy background and they were using these policy terms, but they said 

themselves ‘this is just because of our background’ 

When we asked what he thought about this, however, he also describes:  

“I didn’t have a very strong feeling about that, it was okay [...] yes, I did learn 

something I guess, but what exactly, I’m not sure.” 

This indicates that awareness of other frames does not necessarily entail reflection or 

learning (in that moment).  

Some participants also raised questions concerning how to deal with this diversity of 

perspectives: 
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“A lot of diversity makes you look at something from different perspectives and that 

is a good thing... I’ve worked with multidisciplinary institutes and indeed, how 

someone looks at things, for example from social sciences, that can be really different 

from someone more focused on applications. But it does cost time and you need 

commitment [...] People need to be dedicated to working with others to reach 

common images.” (P7)  

Here, it was not so much an eye-opening moment concerning different perspectives, but 

more a confirmation of a realization that accounting for plurality is not an easy endeavor. 

Even stronger, he expresses that there might be choices to be made: weighing time, money 

and willingness.   

INCREASED AWARENESS ON THE COMPLEXITY OF REAL-LIFE DYNAMICS 

Several participants mentioned during the second interview that the dialogue was a 

reminder of the complexity of ‘real-life’ dynamics, especially considering the many parties 

involved and the need for collaboration.  

“If you want to achieve big things, you can’t do that on your own, there are so many 

different disciplines, and you need knowledge from others ... to be able to make use 

of.” (P3) 

But with the realization of the multiple parties that need to be involved, comes the issue of 

responsibilities and leadership: 

“But who should be in charge of this then? Everyone’s looking at each other. The 

government feels it’s the industry, and society is like ‘why?’, and you know, that’s 

how it goes.” (P3) 

Interestingly none of the participants explicitly spoke of their own responsibility. One 

participant recalled a moment during the dialogue where he was perceived to have a 

certain role in the system – as someone being responsible for safety measures, but he did 

not consider himself an agent in this:  

“I didn’t come up with the rules, and I can’t change them.” (P14) 



Chapter 7 

 136 

Generally, we saw that the awareness of multiple perspectives and an understanding of 

real-life complexity were mutually reinforcing. We observed how, during the dialogue, 

participants adopted a different way of approaching the exercises and discussing the issues.  

Moral dimension 

This dimension deals with the exploration of why we and others have certain perspectives, 

what the things are that drive us, why we feel something is more valuable. There were two 

elements of moral reflexivity that we would like to discuss here. First, the blurring of 

boundaries between someone’s role and their wider (moral) responsibilities, and second, 

the mirroring of assumptions.  

BLURRING BOUNDARIES 

Some participants described how they had enjoyed the personal focus (rather than a purely 

professional focus), for instance by having no name tags, and an introduction round where 

they had to describe themselves in three words unrelated to their professional background. 

This element helped participants in expressing themselves more freely, but also in asking 

themselves the question ‘what do I actually think about this?’.   

An example of an exercise that was mentioned in discussing these aspects of personal and 

professional roles was the ‘value roulette’ exercise, where participants had the choose a 

value card out of four options and explain to the group how that value connects to them. 

One participant described how the exercise made him aware of that he was not sure 

whether he was reasoning from his personal or professional perspective, and if they were 

the same or perhaps very different:  

“I don’t think they [my personal and professional perspectives] are much different 

though, because otherwise you can’t do your job. But no, they are two distinctive 

viewpoints. Or maybe...  what would I think, sitting on the couch? Well, perhaps it is 

actually really interwoven with each other.” (P3) 

MIRRORED ASSUMPTIONS 

As mentioned above, participants often described moments where they became (more) 

aware of the multiple ways of looking at an issue, and that the dialogue helped in seeing an 
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added value in others’ perspectives. Although, most times participants did not challenge 

where the perspectives came from, and whether this could or should be changed, 

sometimes these apprehensions did go further than the acknowledgement of multiple 

perspectives, and show insight into the connections between value systems and worldviews 

and the way people look at how synthetic biology should be developed. As the following 

participant explicitly describes: 

“The underlying values determine a lot regarding what people will say next. Or 

about different matters, but you only see that in hindsight. Also about how they see 

the economy and other things [...] It evokes quite intense responses, and that is 

interesting to see. That it’s more about those underlying values…” (P10)  

There were also a few situations that contributed to this aspect of reflexivity, as illustrated 

by the experiences of P14:  

“When you are really in one field of research, you’re very biased as to how you 

approach something. You’ll think from the perspective of technology, but what are the 

problems and policy questions in that case? Here I saw the other perspectives, and 

that was useful, for the overall picture.”  

But then later, he reflects on the two final exercises of day 1 where they were trying to 

envision a trajectory for the energy future and they came up with solutions and issues that 

actually surprised him: 

“That was striking. Biotechnology wasn’t really the first thing I thought about, and it 

was the same for the others. And, you know, we were the ones in technology...”(P14) 

This was a moment in which the notion of reasoning from a certain perspective was 

actually seen in a different light, rather than just accepted as one perspective next many 

others.  

From reflexivity to change 

Despite many positive remarks of participants in terms of sparked imaginations and 

broadened horizons, from the second round of interviews with participants it also became 

clear that having these ‘open minds’ does not necessary mean change. Here we describe 
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three issues all related to how reflection and learning are not (enough) connected to 

change and action.   

EYE-OPENING MOMENTS AND LEARNING: TWO DIFFERENT THINGS  

During the second round of interviews we asked participants, among many other thing, 

what they remembered best about the dialogue, what they liked and disliked, what stood 

out, and also if they learned something (and if so, what they had learned). We did this to 

get a feeling for participants’ views on what learning entails and how this related to the act 

of being reflexive. Our results suggest that, oftentimes, learning is seen as connected to 

years or accounts of experience (if you work in something long enough, you’ve learned it 

all) and/or as connected to new information. As P6 puts it: 

“For me it’s just, and this sounds perhaps a little arrogant, it’s just difficult to learn 

more. I have done it so many times. I’ve done this [theme] for so long, after a while, 

you just know everything.” 

Or, in the words of P14:  

“No not really. (…) I just didn’t hear many new things…” 

For many participants, the idea of learning was more linked to the acquisition of technical 

knowledge than to gaining reflexive insights. This phenomenon became more visible 

when we used different questions on learning, such as “what did you pick up from the 

dialogue?”. Then participants often answered in line with the following quotes:  

“Well, you give things more thought.” (P7) 

“Well yes, that you are looking at it from different angles with the various exercises.” 

(P14) 

It was quite striking that some of the participants who had earlier in the interview 

indicated to have experienced eye openers – e.g. the abovementioned P14 emphasized the 

fact that he, and others with a background in biotechnology, approached the issue/topic of 

renewable energy (and solutions) from a completely different angle – apparently did not 

consider this to be learning. We feel that this is not just semantics. We observed that 

several participants emphasized and focused on more ‘technical’ knowledge and on the 
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things they already knew. They explicitly mentioned to be already very knowledgeable 

about or experienced with the issues discussed (even those that gave examples of 

experiencing eye-opening moments), which indicates they entered the dialogue with the 

expectation to not learn something (new). We argue that this perceived lack of learning 

can have quite some impact on actions undertaken by participants of a dialogue, since it 

does not evoke a sense of urgency to do something (about it) nor does it signal a need to 

change – work or behavior.  

BUSINESS-AS-USUAL AS A BARRIER TO FOLLOW UP 

Looking more closely to how our MSD might lead to follow-up actions there was one 

topic that stood out in our interviews: returning to business-as-usual. Almost all 

participants described how the things they gathered from the MSD were easily buried 

under their day-to-day work: 

“You bring people in this state of temporarily forgetting - our daily lectures, our 

daily research – and then you walk home and you think about tomorrow and then 

that’s done [..] I will just be checking a thesis on the train. I’m not thinking anymore 

about what we’ve been talking about for a day and a half.” (P15) 

Several participants also explained how the nature and workload of their daily job, or the 

arena in which they do their job, does not really allow for recalling or using insights from 

the MSD. Sometimes this was very personal, sometimes more general – as P6 describes: 

“What I find interesting is that, in a dialogue you have certain dynamics [..] and 

these dynamics can be completely different from the dynamics in the policy arena, 

where all kinds of other stakes start playing a role. If the real decisions need to be 

made, then some hard lines will have to be drawn.”  

Both considerations show how the dialogues’ retraction from daily reality acted as a 

promotor of reflection, but at the same time was a barrier to action in real life. 

TOO ABSTRACT FOR ACTION 

In a similar fashion, our results give suggestions on how follow-up action can be 

complicated by the difficulty of translating future visions back into concrete steps. In the 
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following quote P8 refers to the ‘dreams & impacts’ exercise of day 1; in this exercise they 

had to individually dream of the ideal future first, and then collectively draw their dreams 

in an image with clouds.  

“We sort of ended in a cloud [..] that’s why the question of ‘and now?’ came up.”  

Similar to this, participant P6 describes: 

“I also noticed that with the other group, with the green human [referring to what 

was also called the moss man]. I mean, that’s really of bound ... and that isn’t a bad 

thing, it’s funny and it’s okay. But take it back and look at it a bit more seriously, 

and how do we feel about it. What aspects to this [moss man] are there, other than 

that it is amusing?” 

These quotes signal the importance of finding a balance between the open and the 

concrete, as sources of two different things you would like to see happening (almost at the 

same time): the creation of (1) an atmosphere where people respond philosophically and 

freely, and (2) situations in which value trade-offs have to be made, and connections are 

drawn to daily and future work practices. 

Reflections on the MSD design in relation to reflexivity 

In this last section, we will reflect on four characteristics of design (responsive, 

collaborative, playful, imaginative and diverse) and illustrate their connection to (the 

enhancing of) reflexivity.  

RESPONSIVE 

Not initially organized as part of the design of the dialogue, but turning out to be quite 

influential in enhancing reflexivity, were the interviews we held with participants prior to 

the dialogue event. Upon the start of the dialogue, over the first round of coffee, several 

participants described how they appreciated these interviews because it helped them in 

preparing for the dialogue, it made them more enthusiastic and, as some expressed, they 

felt taken seriously.  
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Next to this positive effect, it helped in creating and facilitating the exercises during the 

dialogue and in formulating the second round of interview questions. With respect to the 

former, because we knew what people were looking for in the dialogue, we could adapt 

exercises to their needs and more importantly place people together at one table to interact 

and work together. With regard to the second round of interviews we noticed how the 

question of “you mentioned that you were looking for X, how did you experience the 

dialogue with regard to that?” was valuable in drawing lessons on learning and reflection.  

COLLABORATIVE 

Although consideration of the plurality of frames and real-life dynamics did not lead to 

reflexivity on own responsibilities, it did raise awareness of the advantages of collaboration. 

Reflection on collaboration was not mentioned as a key concept in the conceptual 

framework, but did come up many times during the second round of interviews. For 

instance, in comments on the exercise ‘Futures Building Blocks’: 

“That’s something I can learn from, doing things with other people. At one point, 

someone was like ‘boom, boom’ and that was something with [energy from] water or 

whatever, and that’s when I thought, wow, you can interpret that very broadly right 

away, I really like that. And what I take with me from that is that you just have to 

work together with people with other skills and different knowledge.” (P7) 

and the exercise ‘Stand Up For Your Idea’ 

“So, it becomes very clear that in this setting with more people you can think a lot 

further, than I was doing before on my own.” (P1) 

“I really liked the interaction between the energy people and the synthetic biology 

people. [..] they came up with really cool ideas that we would have never come up 

with in our little worlds.” (P8) 

These quotes reflect two things. First that many participants really enjoyed collaborating 

with people from different backgrounds in the exercise. Second, there was the observation 

of participants that the outcome of collaborations was different from, and often more 

desirable than, individually working on a task. The importance of collaboration was also 

extrapolated to real-life in general: 
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“Everyone can have ideas and the wish to do something great, but no one can do that 

on their own.” (P7) 

The expression of the importance of collaboration is interesting since it does not only show 

the awareness but also the appreciation of different perspectives, which is essential in terms 

of respect and understanding.  

Some participants ascribed the realized collaboration to the open and friendly atmosphere 

that was created during the MSD. As a consequence of this atmosphere, collaboration was 

experienced as pleasant and was appreciated more: 

“I found that people were just good at that, and the atmosphere was right. I mean, 

that also has to do with the location, with how you organized it [...] I had the feeling 

that I could say everything I wanted, even though I had never seen most of these 

people before.” (P3)  

PLAYFUL 

One playful element of the MSD that also stood out according to the participants was the 

theatrical debate. The debate, as it turned out, served many purposes. Participants described 

how it made them understand the variety of perspectives on synthetic biology, and how it 

had helped them to contextualize the rest of the dialogue. Next to this, participants 

mentioned how it was nice to have something to bond over with other participants, and 

that it was an experience that they would not easily forget. The last points are also 

interesting in terms of design, as anchoring of what happened during a dialogue can be 

rather difficult.  

As written in the overview of the design of the dialogue (Table 7.1), the dialogue consisted 

of a series of creative exercises. Many participants explicitly appreciated the playful 

environment that was created through these exercises, for various reasons. First, because it 

brought people into a more comfortable mood:  

“That we could play with things, and color and such, that made it lively, and I liked 

that. It made it somewhat more relaxed to talk about these matters.” 



Study 4/ Critical reflections on the use of multi-stakeholder dialogues 

 143 

Second, because it made some participants feel less conscious of hierarchy and their own 

insecurity: 

“I can be intimidated by people who are older than me [...] but if you’re all doing 

these silly things together than that really helps with levelling. It makes it much 

easier to talk about the same things. That was very nice.” (P1)  

Or, in other words: 

“At first I was like oh my, I don’t even know that much about it, and what if I don’t 

add anything to the discussion, but the nice thing was – it wasn’t about that.” (P9) 

Thirdly, a point that often came up with regard to the playful exercises was about how it 

ensured a certain focus and sense of collectiveness.  

“I think it was also because of how you prepared it, in the sense of that we had 

different tasks to do and questions to answer all the time. With some things you can 

think after while ‘I’m done with this’, but then we were already doing the next thing 

or adding a new layer to the exercise. We were working together towards the same 

thing, and it was all connected, that’s what I really liked.” (P6) 

However, alongside this discussion of affirmative remarks about the playful character of 

our MSD, there should be room for a more critical sound. P13 was honest in sharing how 

playful exercises can sometimes lack “intellectual investment”, have the tendency to 

become too funny – and with that they might overlook the real complexity of the case.  

In line with that, differences in professional background in combination with this level of 

playfulness can also lead to situations in which the discussion that is yielded by the exercise 

is not the discussion someone was hoping for which, in terms of active participation, can 

lead to withdrawal from the specific exercise or dialogue event as a whole. 

IMAGINATIVE 

Although several participants expressed that they had desired more concrete exercise 

outcomes, the experiences remembered most clearly by participants were about the, as 

some called “totally ridiculous”, ideas that were formed. The clearest and most mentioned 



Chapter 7 

 144 

example was the ‘moss men’, an idea that was developed by one group in the final exercise 

‘Back To The Future’. As two participants from another group noted: 

“[although not concrete] that‘s the one that stuck to my mind the most” (P9).  

“At a certain point I was thinking, with the ‘moss men’ idea, that’s all nice and 

everything, but what do we do with it? But on the other hand, it allows you to look 

at other things more open. In the sense that you’re not tied to that perspective.” (P3) 

The futuristic oriented exercise was included to make participants step out of the thinking 

mode of problems and impossibilities towards out-of-the-box thinking in opportunities. 

This was also experienced by some participants as such. As one participant noted: 

“In this case, you really had to put something on paper, you had to work out the 

details. It wasn’t just, and that is what you see a lot [...], we all know that, not that I 

really know, but I just know it all, right? It’s like this endless story.” (P1) 

For some participants, the insights obtained from this dialogue continued to inspire 

reflections on other experiences and expectations afterwards. 

“I just came from another congress, and there you’re just listening the whole time [...] 

and what was nice here was that we had real conversations instead of just telling each 

other what you know and don’t know.” (P11) 

and later he continues to talk about other conferences:  

“it might be difficult with bigger settings, but more dialogue elements would be rather 

good I think. To move ahead. Because you can sit and listen and be inspired 

sometimes, but you never go further than that.” (P11) 

For this participant, the dialogue became (or already was) part of a reflection process on the 

whole idea of what comprises a good conference. This experience was compared to other 

experiences, and a previous experience was re-evaluated. This shows how learning and 

reflecting is a continuous process that can take all kinds of (different, unexpected) routes.   
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DIVERSE 

Although many participants referred in the interviews to the fact that many different 

perspectives were present during the MSD, several people also pointed at the absence of 

certain stakeholders. As these two participants noted: 

“I missed the people that were on a mission.” (P6) 

“I didn’t hear the ‘we just shouldn’t want this’ opinion.” (P14) 

Because of this ‘missed diversity’ certain issues were not, or to a lesser extent, discussed, 

such as ‘consumer issues’ as noted by one of the participants: 

“That is an issue right, how will the consumer accept this?” (P7) 

Although noticing the absence of certain perspectives can be regarded as an expression of 

reflexivity (the participants showed awareness there is more diversity in perspectives in 

real-life than in the setting of the dialogue), to understand the underlying complexity of 

the missing perspectives, a confrontation would have been important and was desired by 

some participants. 

7.4 Conclusion & discussion  

In this paper, we studied the MSD as an exemplary case in order to: (1) explore dimensions 

of reflexivity and (2) investigate in what ways reflexivity can be enhanced in a multi-

stakeholder dialogue. We analyzed a dialogue process using a responsive evaluation 

approach in which the experiences, interests, and needs of participants guided the analysis. 

In this section, we discuss the results of case study, also in relation to previous research and 

core literature on dialogue and reflection.  

In our study, we observed that participants became more aware of the limits of knowledge, 

different types of knowledge, and uncertainties. In addition, participants showed increased 

insights into real-life complexities and the implications of this for how we perceive 

(technical) knowledge. It also led to the awareness of the relevance of collaboration and 

leadership. With regard to the transdisciplinary field of synthetic biology, these (positive) 
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experiences of participants might be regarded as steps in the direction of more meaningful 

collaboration between disciplines (Balmer, Calvert, et al. 2016). 

We also observed that participants as a result of the MSD became more aware of 

differences in framing, mostly in the sense that they saw the perspectives of others and more 

generally that there simply are multiple perspectives. Some participants also related this to 

different values and worldviews people have. However, it was more difficult to enhance 

the awareness on participants’ own ways of framing. Our results support the idea that the 

ability “to hold a mirror up to one’s own activities, commitments, and assumptions” 

(Stilgoe et al. 2013) is the most challenging dimension of reflexivity to organize. This 

observation was also found by Edelenbosch (2014:155–58) who described how participants 

engaged in unraveling (or even dismissing) of other participants’ frames, but did not always 

succeed in challenging their own assumptions. These observations suggest that it could be 

beneficial to organize or complement a dialogue event with exercises explicitly directed at 

participants’ own ways of framing. 

Methodological issues 

With regard to the design and execution of our dialogue we would like to reflect on three 

issues. First, various participants referred to lack of clarity in and concreteness of the future 

visions. On the one hand this was interpreted as a missed opportunity of the MSD and on 

the other hand as an indication of a lack of reflexivity on the pertinent uncertainty when 

discussing the future. Participants desired more clarity on the future of synthetic biology as 

an outcome of the MSD and did not reflect on the question at hand: “which uncertainties 

are pertinent?”. In that sense, the limits of (technical) knowledge were explicitly mentioned 

but the inherent uncertainties of knowledge were not. Similar to what have described 

above with regard to the moral dimension of reflexivity, this could be a lead for a future 

dialogue process. 

Second, the deliberation-focused nature of the dialogue (rather than consensus-focused) 

had positive and negative effects. According to the participants, it created a free and 

cooperative atmosphere in which they surprised themselves in unexpected ways. On the 

other hand, this ‘everything’s is possible’ mentality warranted that no (value) trade-offs had 

to be made. As elaborately discussed by Cuppen (2012), in a future dialogue it might be 
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beneficial to experiment with organizing an managing constructive conflict, for instance 

by using a ‘devil’s advocate’ perspective in a role-playing exercise.  

Thirdly, as van der Meij et al. (2017:58) describe, playfulness can encourage participants “to 

think beyond routines and pre-judgements” and stimulates asking ‘what if’-questions. Our 

study supports this capacity, and emphasizes the potential of creativity in mutual learning 

exercises. Not only does it create an open atmosphere where participants feel free to speak 

their minds, it also seems to bring participants to the same level, to make conversations 

more personal and less formal, to engage participants more and by that it builds a sense of 

collectivity, and it helps in longer-term learning because the creative exercises are less 

easily forgotten. We do take on one remark of warning into consideration – it depends on 

the aim of the dialogue, the matter at hand, and composition of the group insofar 

playfulness will bear its value.  

Limitations of the study 

Here we discuss three limitations of our study. First, although an elaborate stakeholder 

mapping was conducted prior to the MSD, it turned out to be difficult to actually organize 

that all perspectives were present during the dialogue. Our attempts to invite participants 

with an ‘activist’ voice or ‘consumer’ perspective were not successful. As a result of the 

absence of strongly opposing perspectives, it was usually not necessary for participants to 

engage in a trade-off where compromises had to be made.   

Second, MSDs like the one described here, in a sense, are always somewhat retracted from 

the real-world, which makes it quite easy to go back to business-as-usual afterwards. This 

is exacerbated by the fact that it was a one-time event. Comparable to other dialogue 

processes, it turned out to be complex to realize long-term effects (Edelenbosch 2014; 

Kloet 2011; Roelofsen et al. 2011). We attended to these issues by adapting the design of 

the dialogue to the ideas of the participants (based in the first round of interviews), and by 

organizing a two-day dialogue with an evening program, with almost no presentations, 

and many exercises in which everyone had to join in. Furthermore, although the 

interviews after the MSD were not part of the methodology of the MSD, we noticed that 

recalling participants’ experiences a few weeks after the dialogue boosted reflexivity. We 



Chapter 7 

 148 

would therefore advice to include such after-dialogue activities to enhance the longer-term 

dimensions of learning that take place beyond the dialogue moment.   

Overall, we argue that the results of our study provide valuable insights into the 

opportunities and issues around the use of a MSD in the context of RRI. We clearly 

observed an increased awareness of the plurality of perspectives and the limits of 

technological knowledge. However, we also acknowledge that the impacts with regard to 

moral reflection or longer-term learning were rather modest. Before organizing an MSD, 

it is therefore important to explore the needs and interests of those who will join the 

deliberation. Reflection is a different process for everyone – all experiences are individual – 

and much depends on whether and what participants want to learn. This way, the 

reflection process already starts before the dialogue, and it also provides opportunities for 

the design and execution of the MSD itself.  In this respect, it is important to approach an 

MSD as a specific endeavor in a broader process of change of our research and innovation 

system – a new system where openness and reflexivity are key values.  
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Abstract 

s partners in a European project aiming at responsible research and innovation in 

synthetic biology, we organized a collaborative and interactive process of real-time 

technology assessment. This process consisted of two related activities, complementing 

each other as different forms of future oriented reflexivity. We established a three-year 

collaboration with the annual international Genetically Engineered Machines competition, 

stimulating student teams to consider the wider societal ramifications of future options for 

innovation in synthetic biology. These activities we define as a technological options 

oriented approach to responsible research and innovation. As a follow-up activity in this 

process of real-time and anticipatory technology assessment, we deliberately shifted our 

focus to a societal objectives oriented approach. Thus, we involved a variety of societal 

stakeholders and researchers in synthetic biology in workshop dialogues focusing on 

antibiotics resistance and renewable energy as societal challenges. We invited the 

participants to critically consider the nature of these challenges and related value-laden 

issues of concern, and to define in this context opportunities and needs for innovation in 

 

A 
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synthetic biology. We see both approaches as vital in fulfilling the ambitions of responsible 

research and innovation, providing tools and joint spaces for deliberative and reflexive 

practices of future making.  

8.1 Making synthetic biology futures  

Synthetic biology emerged in the first decade of this century as a new engineering science 

of life, combining molecular biology, engineering, computer sciences and other disciplines 

into new practices of biological design. While the field can be seen as a collection of 

activities rather than a distinct, singular, or totally novel practice, some of its proponents 

claim that such activities stand to revolutionize our mode of industrial production through 

the assemblage of multipurpose micro-organisms, based on sub-cellular standardized 

biochemical parts that may or may not exist in nature (Carlson 2010; Douglas and 

Stemerding 2014). Indeed, in Europe and other major industrial powers synthetic biology 

has been hailed as a field that could revolutionize the biotechnology industries and may 

make a major contribution to future innovation and competitiveness (NEST High-Level 

Expert Group 2005; Rerimassie et al. 2015). As Hilgartner (2015) has argued, this framing 

of synthetic biology as a driver of an impending acceleration of biotechnology, can be seen 

as future making, connecting the expanding capacity in the synthetic biology field to well-

institutionalized and familiar socio-technical imaginaries of scientific progress as an enhancer 

of national well-being and the promise of a new twenty-first-century “bioeconomy” 

(Hilgartner 2015). 

Such socio-technical imaginaries mostly serve as strategic visions in science policy 

discourses, in which futures to be attained are predominantly shaped by science, 

technology and active industrial policy, easily excluding broader sets of actors from 

participation in processes of future making (ESF 2013). In this article, we discuss our 

experiences with future making in synthetic biology, inspired by the aims of responsible 

research and innovation (RRI), whereby we have been seeking alternative, more inclusive 

and reflexive modes of imagining and using visionary narratives of emerging science and 

technology (Frow and Calvert 2013; Grunwald 2016; Nordmann 2014; Selin 2014). We 

will show how the making of synthetic biology futures may foster processes of mutual 

learning, allowing researchers “to explore meanings of what they are making, and the 
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significance it may have for stakeholders” (van der Burg 2014:101) and creating joint 

spaces which invite stakeholders “to identify opportunities for innovation undertaken in 

the public interest” (Owen 2014:114). 

The argument in this article is based on our work in the context of SYNENERGENE 

(2013-2017), a large European project which has been promoting RRI in synthetic biology 

by bringing together a wide variety of stakeholders and members of the public in order to 

facilitate a sustainable dialogue26. As a contribution to this dialogue we established a 

collaboration with the annual international Genetically Engineered Machines competition 

(iGEM), in which student teams from all over the world meet and compete over the 

summer in synthetic biology projects27. iGEM represents a fast-growing community of 

dedicated young science students contributing to the development of synthetic biology as a 

new field of engineering. Each competing team receives, at the beginning of the summer, 

a kit of biological parts from the iGEM Registry of Standard Biological Parts. Working at 

their own schools over the summer, the teams use these parts and new parts of their own 

design to build biological systems and operate them in living cells. This project design and 

competition format is an exceptionally motivating and effective teaching method which 

also fosters the spirit of RRI through so-called human practices as an inherent part of each 

iGEM project (Stemerding 2015). With the aim to strengthen and extend these practices of 

RRI within iGEM and the synthetic biology community at large, we initiated a 

collaborative process of real-time technology assessment (Guston and Sarewitz 2002). This 

process consisted of two related, but independent activities, complementing each other as 

different forms of future oriented reflexivity. 

We started with a three-year program in which we invited iGEM teams to explore 

opportunities and pathways for future innovation in specific and challenging areas of 

interest. We stimulated and supported them to think in more systematic and grounded 

                                                

 

26 www.synenergene.eu 

27 www.igem.org 
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ways about possible synthetic biology futures, exploring the feasibility and desirability of 

particular applications in the areas of interest through ‘application’ as well as ‘techno-moral’ 

scenarios. Inspired by their own engineering achievements and working with scenarios as 

a tool, the teams considered future options for innovation in a broader context by 

exploring the societal problems, practices and conditions to which these options should 

apply, and by exploring the experiences, visions and values of actors involved in these 

practices.  

Through our collaboration with iGEM teams we learned in an exemplary manner about 

potential future synthetic biology applications in the context of specific societal challenges, 

like antibiotics resistance or renewable energy. As a follow-up activity, we took up these 

two challenges as the main topics in a stakeholder dialogue event. Our aim was to involve 

synthetic biology researchers (including iGEM students), societal stakeholders and policy 

makers in workshop sessions, focusing on the needs for innovation in these two areas of 

interest. In this event, we first of all explored the various ways in which societal 

stakeholders and policy makers defined the major societal issues and challenges with regard 

to antibiotics resistance and renewable energy, and then discussed the kind of synthetic 

biology innovations that they considered as particularly desirable in this context.  

In the following we will discuss our experiences with both real-time TA activities as two 

complementary contributions to RRI in the field of synthetic biology. Our collaboration 

with iGEM teams is the subject of section 8.2, whereby we will highlight the achievements 

in 2014, the first year of our collaboration, in which we invited teams to work on potential 

synthetic biology applications relating to antibiotics resistance or renewable energy. In section 

8.3 we will discuss the stakeholder workshop dialogues that we organized in 2016 as a 

follow-up activity, in which we explored more thoroughly the issues of concern in these 

two areas of interest, in order to get a more comprehensive and imaginative understanding 

of the potential role of synthetic biology in this context. Finally, we will reflect, in the 

conclusion of this article, on our real-time TA activities as two different forms of future 

oriented reflexivity that both are vital for the responsible governance of innovation in 

synthetic biology.  
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8.2 IGEM as RRI laboratory  

In their activities, iGEM teams do not only focus on their envisaged design as a technical 

achievement, but also have to engage with the wider societal aspects and implications of 

their work. Thus, we find a variety of ways in which students seek to relate to wider 

society in so-called ‘human practice’ work, described in the following terms on the iGEM 

website:  

iGEM teams ‘go beyond the lab’ and imagine their projects in a social/environmental 

context. The most successful teams often work hard to imagine their projects in a 

social context, and to better understand issues that might influence the design and use 

of their technologies. Increasingly, they also work with students and advisors from the 

humanities and social sciences to explore topics concerning ethical, legal, social, 

economic, biosafety, or biosecurity issues related to their work. Consideration of these 

‘Human Practices’ is crucial for building safe and sustainable projects that serve the 

public interest (http://igem.org/Human_Practices).  

The iGEM community we see indeed as an interesting RRI laboratory, which allowed us to 

engage with young and future synthetic biology engineers in practices of “collaborative 

socio-technical integration” (Balmer and Bulpin 2013; Fisher et al. 2015; Stemerding 

2015). The aim of our iGEM/SYNENERGENE collaboration was both to strengthen these 

practices and to learn from human practice experiences within iGEM. In three consecutive 

years, we invited teams to explore opportunities and pathways for future innovation in 

specific areas of interest, defined by SYNENERGENE partners in calls published on the 

iGEM website28. Each year we were able to support eight teams with small grants and with 

our supervision in doing real-time TA. In connection with their synthetic biology 

engineering projects, the teams worked on application and techno-moral scenarios, 

focusing on antibiotic resistance and renewable energy (2014), biorefineries and issues of 

                                                

 

28 http://igem.org/SYNENERGENE 
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intellectual property & open science (2015), nature conservation and mosquito-borne 

diseases (2016).  

To assist the iGEM teams in their scenario building activities, we devised guidelines 

including suggestions and methods that should help students to further explore the societal 

problems, practices and conditions to be addressed in the development of synthetic biology 

applications, and to explore the visions and values of future stakeholders and other 

potentially relevant actors, by ‘stepping into the wider world’. These guidelines we initially 

presented as successive steps in the form of a written protocol. With the SYNENERGENE 

project coming to an end, we now have transformed these guidelines into a more flexible 

and attractive, interactive web-based tool, publicly available on the iGEM website as the 

“iGEMer’s Guide to the Future”29.  

8.3 Scenarios as modes of future making  

The purpose of our collaboration was to engage with iGEM teams in a process of real-time 

TA. Basically, the approach of real-time TA can be described as opening up technological 

design and innovation to a wider range of actor perspectives at an early stage of 

development (van Est and Brom 2012; Grunwald and Achternbosch 2013; Rip and 

Robinson 2013). In the past years, one of the iGEM team members described this process as 

‘virtual prototyping’. That is, future applications that teams have in mind are tested in an 

anticipatory way by consulting prospective users and other relevant stakeholders about the 

design, in the context of existing practices in which envisaged applications would have to 

function. As a helpful approach in this process, we introduced the students to application 

and techno-moral scenarios as particular modes of future making.  

Application scenarios are empirically grounded speculations, based on our current 

understanding of the world and describing how a particular (synthetic biology) innovation 

might be taken up in this world in terms of answering user needs, having a business case, 
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complying to rules and regulations and filling in a gap by solving a problem. It is a way of 

virtually conceiving of the feasibility of an innovation by connecting the technical and the 

social in a temporal unravelling of events (Selin, 2011; Lucivero, 2012). Techno-moral 

scenarios come somewhat closer to science fiction with the aim of triggering the 

imagination and to reflect on the desirability of a technology. It can take any form of 

genre, depicting future snapshots of wider societal implications and value conflicts as ‘soft 

impacts’, in worlds where particular (synthetic biology) applications are supposed to have 

been widely adopted (Lucivero 2012; Swierstra and te Molder 2012).30
	 

By engaging students in a process of real-time TA, we wanted to ensure that the teams 

dissociated themselves from narratives focused solely on the promissory aspects of their 

project, something that is not self-evident in the context of a competition. Thus, we 

invited the students to critically examine their ambitions in ways that respond to the 

challenge of RRI, involving anticipatory, inclusive, reflexive and responsive modes of 

learning about what they, as synthetic biology engineers, would like to achieve (Stilgoe et 

al. 2013). In this learning process, scenarios can serve both internal and external purposes. 

While choices in the design of a technology reflect the choices of the innovator, increased 

awareness about broader issues that may come into play in future uses of the technology, 

could in turn influence the internal considerations and values shaping the process of design 

(van de Poel 2013; van de Poel and Kroes 2014). In the language of the iGEM community 

this internal purpose of scenario learning adds to Integrated Human Practices. An important 

external purpose in human practices for iGEM teams is Education and Public Engagement, in 

which scenarios may serve as an effective medium for communication and debate. Indeed, 

as SYNENERGENE partners, we have used techno-moral scenarios as scripts for 

animations31, and in theatrical debates playfully involving publics in discussions about 

synthetic biology futures.  

                                                

 

30 See for examples: https://www.rathenau.nl/en/page/synthetic biology-scenarios 

31 See: https://www.youtube.com/watch?v=lw-2886-Ft8&feature=youtu.be 
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8.4 RRI tools for the job  

Stilgoe and others have developed a framework for responsible innovation in which they 

describe anticipation, inclusion, reflexivity and responsiveness as four integrated RRI 

dimensions. As we will explain below, the guidelines we devised can be understood in 

terms of this framework as RRI tools, corresponding to approaches and techniques that are 

indicative of the four RRI dimensions found in Stilgoe et al. (2013).  

Anticipation  

Anticipation requires a mixture of technology assessment, foresight and socio-literary 

techniques, mentioned by Stilgoe et al. (2013) as indicative methods for RRI. Anticipation 

is not about predicting futures, but about understanding the complex and multifaceted 

nature of the worlds in which future innovations should find a place. Our guidelines 

suggest prospective user practices, potential risks & regimes of regulation, likely business 

models and unexpected wider impacts & value conflicts as important building blocks for 

storylines about future applications and for snapshots highlighting specific ambivalences 

and controversies raised by real-life dynamics and events. The guidelines also propose 

several tools that can help in exploring these topics. In the currently available web-based 

version of the iGEMer’s Guide, students can choose to do one or more independent 

modules, focusing on users, societal impacts, risks & safety and business. From each of these 

modules, students can select particular tools that allow them to gather relevant information 

about these topics.  

Inclusion  

Stilgoe et al. (2013) mentions user-centered design, open innovation and the use of focus 

groups as indicative methods of inclusion. Understanding the worlds in which future 

innovations should find a place obviously requires engagement with a diversity of 

stakeholders and publics. Our guidelines suggest the mapping of potentially relevant 

stakeholders, including technology developers, producers, users, consumers, regulatory 

agencies and societal organizations, and encourage students to step into the wider world, 

conducting interviews and organizing workshops, focus groups or debates. Furthermore, 
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we propose students to imagine how these different actors may respond and argue about 

the future applications that teams have in mind.  

Reflexivity  

As Stilgoe et al. (2013) point out, reflexivity can be indicated by activities such as 

multidisciplinary collaboration and training, ethical technology assessment, and the 

presence of codes of conduct. Multidisciplinarity is indeed sometimes deliberately sought 

by teams by recruiting members with a specific expertise. Moreover, the activities we 

propose should bring teams to reflect on the needs, interests and values informing their 

design choices, and on the frames and worldviews that may inform the considerations, 

responses and behaviors of different ‘persona’ with regard to the applications envisaged by 

the teams. Thus, our guidelines create a space and a process, where their innovation is 

being put in question, and may be improved through each iterative loop that the activities 

invite students to do. These iterations are one of the main ways in which reflexivity may 

be practiced by the teams.  

Responsiveness  

Responsiveness can be found, according to Stilgoe et al. (2013), in approaches such as 

value-sensitive design, alternative intellectual property regimes, open access or other 

mechanisms of transparency and standard-setting. Responsiveness basically implies to take 

sincerely into account societal purposes, contexts, needs and values in shaping innovation. 

In our guidelines, we thus first of all suggest to students to thoroughly investigate the 

societal problem that they would like to respond to in their project. Stimulated by the 

future making exercises contained in our scenario guidelines, value-sensitive design is 

another likely response. Indeed, in our web-based version of the iGEMer’s Guide each 

module is organized as a loop into the wider world that finally takes the students back to 

the details of their design.  

All in all, the guidelines we developed for and in collaboration with iGEM teams 

effectively support them in doing integrated human practices and thus also contribute to 

responsible research and innovation in synthetic biology. We further elaborated our future 

making approach in an iGEMer’s Guide that is easily accessible for future iGEM teams as 
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well as for other researchers in and beyond the synthetic biology field. We finally would 

like to emphasize that the four dimensions of RRI, although presented as four different 

elements in this section, cannot be considered by themselves, as these dimensions are 

deeply intertwined and need each other to be fully realized.  

8.5 Real-time TA in action  

In the following, we will briefly discuss the work of some of the iGEM teams that were 

involved in the first year of our real-time TA activities, in which we focused on antibiotics 

resistance and renewable energy as major societal challenges. The eight teams that we 

included in this collaboration did interesting and sometimes impressive, but also highly 

divergent, scenario work. It varied how much time was spent on this part of their project, 

how many students were involved, how much they liked it, etc. We were also flexible in 

guiding the teams in this respect. Indeed, 2014 marked the first year of our collaboration 

and it was still experimental in nature. While the teams had already started their projects, 

our scenario guidelines were still being drafted. As a result, there was little room for the 

teams to incorporate their scenario work as an integral part of their project. To give an 

impression of the results that grew out of our collaboration, we will take a closer look at 

the scenario work of two teams, one working on antibiotics resistance, the other on 

renewable energy.  

Engineering a pathogen-hunting microbe  

The project of the 2014 LMU-Munich iGEM team was inspired by the societal challenge 

of increasing bacterial resistance to conventional antibiotics. On their wiki page the team 

discussed this challenge more in detail and identified, with reference to the WHO, 

inappropriate use of antimicrobials in health care and animal husbandry as major causes of 

the problem. The team decided to focus in their project on the development of novel, 

more targeted pathogen-killing strategies to treat infectious diseases. Their primary aim 

was the introduction of genetic circuits of their own design in the soil bacterium Bacillus 

subtilis to enable this organism – ‘BaKillus’ – to actively detect, attach to, and eventually 

kill certain pathogens. In their application scenario the team conceived of a two-pronged 

innovation strategy, one focusing on the development of a pathogen-identification 



Chapter 8 

 162 

diagnostic tool as a short-term goal, the other on a targeted pathogen treatment tool as a 

more ambitious long-term goal (see Box 8.1) The team also drafted a techno-moral scenario 

in the form of a future snapshot about someone treated with engineered ‘BaKillus’, who 

struggles with the idea of having a pathogen-killing device as an ‘autonomous’ and 

‘intelligent’ system in her body.  

                                                

 

32 http://2014.igem.org/Team:LMU-Munich/Rathenau  

 

Box 8.1: Application scenario LMU-Munich team32
  

The scenario introduces the exploitation of bacterial communication mechanisms such as 

‘quorum sensing’ as a promising strategy to specifically target certain pathogens. To this 

end, ‘BaKillus’ is designed as a synthetic organism to target and destroy pathogenic 

Staphylococcus and Streptococcus bacteria. As a safety measure, a genetic suicide switch 

should guarantee non-persistence of engineered B. subtilus.  

In the scenario, BaKillus is applied in two independent ways, on the one hand as a point-

of-care diagnostic tool, on the other hand as a drug-producing microbe. As current 

biological tests to identify pathogenic bacteria are time-consuming, the envisaged 

synthetic biology strategy should first of all facilitate more easy and rapid diagnostic 

procedures. The scenario foresees a ready-to-use diagnostic tool for point-of-care testing 

by professional staff in hospitals, pharmacies or medical offices. The tool might also take 

shape in a highly portable device for usage in poorly developed or crisis regions. Based 

on consultations with experts, stakeholders, regulatory authorities, IP specialists and 

business representatives, the scenario further outlines a therapeutic application of Bakillus 

in the form of a nasal spray and gives an indication of the collaborations, funding, and 

intellectual property & regulatory conditions needed to facilitate the process of 

development and marketing of both the diagnostic and therapeutic product.  
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Engineering dye-sensitized solar cells  

The TU Darmstadt iGEM team aimed to enhance the availability and access to electrical 

power in rural areas in Africa by developing dye-sensitized solar cells, so-called Grätzel 

cells, using as a dye anthocyanidins (flower pigments) produced by engineered Escheria coli 

cells. On the wiki page of their project the team pointed out the direct link between the 

electrification of poor regions and two of the eight UN millennium goals. In their view, 

producing electricity with dye-sensitized solar cells might be an effective way to bring 

cheap renewable energy to rural areas and thus contribute to the fight against poverty. As 

participants in the iGEM competition, the students did very well. The team successfully 

synthesized a dye as the main component of their Grätzel cell, they won the prize for the 

best energy project, and they became runner-up in the overgrad part of the competition. 

In their application scenario, the team tried to examine the usage of their product as 

realistically as possible (see Box 8.2). In a techno-moral vignette the team presented an 

imaginative story about a farmer in Senegal, showing how the introduction of Grätzel cells 

might not only improve living conditions, but might also challenge existing culturally 

entrenched values through its impact on community and family relationships.  

Box 8.2: Application scenario TU Darmstadt team33 

The scenario starts with an exposition of the problems concerning access to electricity in 

African countries. It describes how rural areas still face the issue of instable power grids, or 

lack of access to existing grids, and the impact this has on local communities regarding 

education, agriculture and health. In view of these problems and the limitations of 

currently available solutions, the scenario contains the message that an off-grid system with 

low maintenance costs will be most appropriate given local conditions and population 

density.  

The story then moves to Senegal, which is taken as a model for the difficult socio-

                                                

 

33 http://2014.igem.org/Team:TU_Darmstadt/PolicyandPractices 
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economic and environmental real-world conditions to which the design and characteristics 

of Grätzel cells should be able to respond, and as a region where the prevailing political 

system and active NGOs might be supportive in building up an off-grid solar system. The 

scenario gives a detailed account of the institutional network needed for installing and 

operating solar panels by individuals in local communities, especially empowering women 

as partners in local energy production. As to the dyes produced by engineered E. coli, 

being the main component of Grätzel cells, the scenario makes clear that special product 

requirements have to be taken into account in the design of the biosynthetic pathway. 

 

What did the teams achieve and what did they get from it?  

From these two different scenarios we may get an impression of how the teams used our 

guidelines in making synthetic biology futures. The LMU-Munich team mostly restricted 

themselves in their scenario to the technological aspects of the innovations they 

anticipated, with only few indications of the professional and societal context in which 

these innovations should be made effective. However, the consultations with experts that 

informed their scenario, made the team acutely aware of the legal hurdles they would have 

to face in developing a pathogen-killing strategy using engineered microbes. This sparked 

the idea to elaborate two different innovation strategies, building upon each other, with a 

focus on diagnostic applications in the short term, and on therapeutic applications in the 

long term. In the scenario from the TU Darmstadt team we find a more illuminating and 

reflexive understanding of the local circumstances and needs informing their design. The 

team indeed felt that, as a result of their scenario work, they were stimulated to spend more 

time to think through the complexities of their case. Thus, they came to recognize that to 

facilitate shipping and reduce costs the dyes should be available in powder form, an insight 

that also affected their synthetic biology engineering work. What we learned from the 

experiences of all teams we worked with during these three years, is that our scenario 

guidelines not only helped them to critically think about synthetic biology futures by 

putting their project in perspective and envisioning it in ‘real life’, but also to more 

effectively structure and communicate the broader ideas and ideals behind their work 

(Betten et al. forthcoming).  
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8.6 From technological options to societal objectives  

The activities of iGEM teams that we discussed above, we can define as a technological 

options oriented approach to RRI, with real-time TA serving as a stimulus to broaden 

technological design and development by increasing interaction and reflexivity, ‘opening 

up’ the laboratory to society (Doorn et al. 2014; Stemerding 2015). As a follow-up activity 

in this process of real-time and anticipatory technology assessment, we deliberately shifted 

our focus to a societal objectives oriented approach to RRI, engaging societal stakeholders and 

scientists in a joint process of ‘mutual learning’ (Frow and Calvert 2013; Raman 2014; Selin 

et al. 2015). Our real-time TA approach thus involved two forms of future oriented 

reflexivity. On the one hand, young synthetic biology engineers were challenged to 

critically examine technological promises and expectations by stepping into the wider 

world and engaging with societal stakeholders. On the other hand, societal stakeholders 

were invited to critically consider the nature of societal problems, needs, values and 

purposes and the potential role of synthetic biology engineering in response to these 

challenges.  

In the following we will discuss how we took up again antibiotic resistance and renewable 

energy – as challenges iGEM teams had been working on from a technological options 

oriented approach – with the aim to address these challenges in a multi-stakeholder 

dialogue from a societal objectives oriented approach. The event consisted of two parallel 

workshops of one-and-a-half day, one focusing on antibiotic resistance, the other on 

renewable energy. In each workshop we gathered policymakers, representatives of societal 

organizations, industry and synthetic biology researchers (including some iGEM students) 

with a common interest in the subject. We also had an evening program engaging 

participants from both workshops in a theatrical debate, a semi-scripted interactive theatre 

performance playfully reflecting on synthetic biology futures.  

In our workshop dialogues, we experimented with two different formats aiming at 

reflection and learning. Our Rathenau colleagues, organizing the antibiotics workshop, 

focused primarily on policy learning. They designed a workshop protocol that moved 

stepwise from exploring how societal stakeholders and scientists defined the major issues 

and challenges concerning antibiotics resistance, to the articulation of a future policy vision 
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with the aim to identify options for synthetic biology innovation that might be particularly 

desirable in this context. We may call this format argumentative, seeking to link problem 

definitions to preferred solutions in an open process of deliberation. Our Athena 

colleagues, organizing the renewable energy workshop, focused on individual reflective 

learning. They started with a number of creative exercises as a process of inquiry, triggering 

reflections on personal values and assumptions. Subsequently, they facilitated an 

articulation of desirable futures for the energy transition in terms of ‘right impacts’ 

envisioned by the participants. The group was then asked to imagine in a value-sensitive 

way how synthetic biology innovation might contribute to these desirable futures. This 

format we may call value-reflective inquiry, seeking to foster individual reflexivity.  

Although both formats focused on societal objectives, the two workshops obviously 

yielded different deliberative processes of anticipation and reflection, as we will discuss 

below. Also in terms of impact, the two workshop formats yielded different results. The 

Rathenau workshop yielded valuable insights into argumentation lines and preferences of 

various stakeholders that may enhance the responsiveness of innovation policymaking. The 

Athena workshop yielded individual learning in terms of reflexive awareness, new or 

enriched viewpoints that may enhance the responsiveness of individual participants to 

future RRI encounters. We believe that both kinds of learning are needed to fulfil the 

ambition of RRI to integrate reflection on values and purposes in processes of research as 

well as policymaking.  

The challenge of antibiotic resistance and the role of synthetic biology  

As a background document for the antibiotics workshop we prepared a summary of 

relevant literature in order to share with the participants our understanding of the main 

societal and policy challenges concerning antimicrobial resistance (AMR) and the potential 

contributions of synthetic biology in responding to these challenges (Ervinda 2016). 

During the workshop discussions, we invited the participants to give their own opinions 

about these issues, with the aim to get a more comprehensive understanding of the 

problem definitions, interests and values shaping debates on antibiotics use and innovation. 

To structure these discussions, we used a protocol asking participants to describe, for the 

Netherlands and Europe, (1) the conditions and factors that they see as the main causes of 
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AMR, (2) potential and most desirable solutions, and (3) needs for social change, 

knowledge and technical means in order to realize these solutions. In these discussions, 

each step had a diverging component, in which participants could define their own 

positions, and a converging component, searching for agreement among the participants. 

Finally, the participants were asked to create on the basis of their opinions and discussions a 

future story explaining how to make the Netherlands AMR-proof in 2030, and Europe as well.  

The workshop had 20 participants representing different spheres of activity and expertise in 

relation to AMR policymaking, human & animal health, industry, and synthetic biology 

research. To highlight how the challenges and potential responses concerning AMR are 

perceived and defined from the perspective of these different spheres, the discussion during 

the first day of the workshop was organized in four groups, each with participants from 

one particular sphere and each creating its own future story. The aim of the second day of 

the workshop was to focus on the potential role of synthetic biology in these different 

stories. As most participants were not familiar with the field, synthetic biology was first 

introduced by the workshop organizers, followed by short presentations from the 

attending synthetic biology scientists and from one of the iGEM students. In a final 

workshop session, three groups, now each with a mix of participants from the different 

spheres, discussed how synthetic biology might contribute to an AMR-proof future in the 

Netherlands and Europe in 2030. What would be the most promising and desirable 

contributions of synthetic biology in the context of the problem definitions, solutions, 

needs and values framing the directions of change in the future stories put together during 

the first workshop day? Based on the preference of the participants three of the stories were 

discussed, with each group focusing on one particular future. In Box 8.3 we have 

summarized all four stories, including priorities for synthetic biology innovation in three of 

them.  

Box 8.3: How to make the Netherlands AMR-proof in 2030 and Europe as well?  

Ingenious use  

Improper use of antibiotics in both health care and the veterinary sector and also a lack of 

innovation were designated as leading causes of AMR by the group of participants from 
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the sphere of Dutch health & science policymaking. In their view, the problem of 

improper use calls for a radical change of culture involving a serious reduction in the 

prescription and administration of antibiotics. The lack of innovation needs to be 

addressed, especially on the European level, through new funding initiatives and 

institutional measures. The group imagined a future of ingenious and responsible use of 

antibiotics in the Netherlands in 2030, enabled by a better understanding and 

management of infectious diseases (one health approach), a strong and widespread 

awareness of the risk of AMR among doctors, patients and animal farmers, and by the 

availability of rapid diagnostics and its mandatory use in prescribing antibiotics. The 

development of new (alternatives for) antibiotics and diagnostics is stimulated by a 

dedicated program of public investment in multidisciplinary and high-risk AMR research 

and the creation of a Dutch AMR center of excellence, fostering collaboration between 

researchers, clinicians and SMEs. As an engineering science of life synthetic biology 

offers a wide range of potential responses to AMR, including new (to nature) antibiotic 

compounds, alternative treatments like phage therapy, rapid diagnostics, and organoids-

on-a-chip as pre-clinical trial testing devices. The provision of rapid and accurate (point-

of-care) diagnostic bio-sensing tools was identified by the participants in this context as a 

most valuable contribution to the necessary change of culture.  

Animal farming transformed  

The group of participants involved in veterinary research & antibiotics policymaking and 

consumer health activism, mentioned a general lack of antibiotics stewardship as a major 

cause of AMR. Whereas deficient prescription regimes and over the counter marketing of 

antibiotics were seen as main causes in the international context of European health care, 

the high level of antibiotics use in animal factory farming was emphasized as a most urgent 

issue in the Dutch context. A short-term requirement in this regard is a better 

understanding of stress factors and antibiotic action in farm animals, as a basis for 

strategies to prevent disease and transmission of antibiotic resistance in factory farming. 

For the long term, the group imagined a future in 2030, marked by a transition in the 

Netherlands to less intensive forms of animal husbandry, in response to growing public 

concerns and a consistent (and necessary) reduction of meat consumption. In this future, 
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the Netherlands also has a guiding role to play in the endeavor to establish a harmonized 

regime of responsible antibiotics stewardship in European health care, with newly 

developed antibiotics to be reserved exclusively for human health care as a last resort 

treatment. Thus, in the struggle against AMR there is a need for different strategies of 

infection control, involving distinct treatment regimes in health care on the one hand 

and veterinary care on the other. Potential contributions of synthetic biology that were 

prioritized by the participants in this regard, are alternative antimicrobial treatment strategies 

in animal farming (including vaccines, probiotics, and re-engineered microbes acting as 

targeted ‘seek and destroy’ therapies), and (in the shorter term) re-engineered 

bacteriophages to destruct residual antibiotics and resistance genes in manure, thus avoiding 

further development and transmission of AMR.  

New values, new culture  

The group of participants with an interest in industry & health innovation strategies 

identified a wide variety of factors contributing to AMR and highlighted, as especially 

important causes, insufficient knowledge of the underlying mechanisms of AMR and the 

overuse of antibiotics in animal farming. To facilitate and speed up innovation, they 

observed a need for a new business model, which should provide incentives through seed 

funding, knowledge transfer between academia and industry, and a more ‘value-based’ 

system of pricing based on the perceived benefits of antibiotics rather than actual costs. 

They also emphasized the need for a more careful use of antibiotics, requiring better 

diagnostic tools, and more importantly, a policy aiming at a culture of awareness and 

responsibility with regard to AMR, especially in the rest of Europe and in particular 

among patients. In the future of 2030 imagined by the group, awareness is continuously 

stimulated through education and labelling and antibiotics have been effectively removed 

from the meat production chain. Governmental policies likewise contribute to a culture 

of innovation through the implementation of a value-based pricing system, with an 

active role of health insurers in securing a fair level of reimbursement of antibiotics. 

During the second day of the workshop there was no opportunity to continue in this 

context with discussions about the potential role of synthetic biology.  
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Arms race between bugs and biotech  

Whilst acknowledging the multi-causal nature of AMR, the group of synthetic biology 

scientists & iGEM students noted biological evolution as an ultimate and inevitable driver 

of antibiotics resistance. Bugs are smart! Accordingly, the need for new and alternative 

antibiotics is to be considered as a top priority, especially in the Netherlands where the 

use of antibiotics is already subjected to strict regulations. In the rest of Europe however, 

where regulation of antibiotics use is still weak and inconsistent, efforts to internationally 

harmonize stewardship rules and responsibilities are most important. The group imagined 

a future in 2030 in which the threat of AMR has initiated in the Netherlands (and 

Europe) sustained and coherent programs of public funding in antibiotics research. These 

funding efforts are strengthening interdisciplinary collaboration and are also instrumental 

in bridging the gap between public and private parties in the innovation chain. 

Moreover, in these funding programs, the risk of inducing resistance is used as a prime 

criterion for an early selection of potential antibiotic ‘leads’. To further stimulate 

innovation, established regulations for GMOs and clinical trials have been made less 

demanding and the Dutch government has agreed with the national health insurers on 

higher reimbursements for antibiotics. The government also took the lead in establishing 

collaborations with other European countries with the aim to foster both responsible use 

and the market introduction of new antibiotics. The participants identified in this context 

three themes to which synthetic biology might contribute: (1) prevention of antibiotics 

resistance through rapid diagnostics and a better understanding of transmission 

mechanisms, (2) abolishment of resistance against antibiotics currently in use through 

(‘adjuvant’) drugs targeting resistance genes or other mechanisms in pathogens, and last 

but not least (3) development of radically new classes of antibiotics and alternative approaches, 

making the Netherlands really AMR-proof again!  

 

Major findings from the antibiotics workshop dialogue  

The dialogue that we organized in the antibiotics workshop we can see as a process of 

articulation in which connections are made between societal goals and technology (Bos 

2016). This process involves both the specification of societal goals into technological 
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options and the legitimation of technological options in terms of societal goals. In this 

context, Bos (2016) uses the concept of the funnel as a stepwise process in which broadly 

conceived societal goals are specified into more narrowly defined technological options. 

Thus, we can describe the creation of future stories in our workshop dialogue as a process 

of funneling, starting from AMR as a vast societal challenge and ending in specific options 

for synthetic biology innovation. The aim of our workshop was to create an arena in 

which a stepwise process of articulation can be made explicit in an anticipatory, inclusive, 

reflexive and responsive way, in order to give direction to research and innovation in a 

responsible manner. Funnels are not taken for granted in this process, but negotiated in a 

process of mutual learning, thus ‘opening up’ society to the laboratory.  

To what extent did we succeed and what did we learn? Looking at the four future stories, 

we see two lines of reasoning that can be recognized in each of them. One line of 

reasoning focuses on the misuse of antibiotics, requiring a new culture of antibiotics 

stewardship. The other line emphasizes the need for new means against infection, requiring 

a boost to technological innovation. Moreover, as the stories make clear, a new culture of 

responsible use will also require appropriate means, especially diagnostic tools. Conversely, 

the need for technological innovation is discussed in the stories as also requiring 

institutional change and collaborative initiatives. In this respect, the future stories that 

emerged in our workshop dialogue were generally consistent, clearly reflecting wider 

established discourses. Indeed, both in the Netherlands and internationally, the two lines of 

reasoning are dominant in shaping AMR policymaking and its translation in policy 

measures and innovation agendas (Europe 2011; Kamerbrief VWS 2016; WHO 2015).  

However, we also see a striking difference between, on the one hand, those future stories 

that are driven by political and societal interests and concerns, primarily framed by the line 

of reasoning focusing on the misuse of antibiotics, and on the other hand, those that are 

driven by technological ambitions and expectations, emphasizing the need for new means 

against infection. We thus find in our future stories different processes of articulation, 

framed by different funnels of interests, needs and values. In the two stories driven by 

political and societal interests and concerns – Ingenious use and Animal farming transformed – 

we find a process of articulation in which AMR as a societal challenge is specified into 

particular options for synthetic biology innovation. In the two stories driven by 
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technological ambitions and expectations – New values, new culture and (in particular) Arms 

race between bugs and biotech – we find a process of articulation in which AMR as a societal 

challenge legitimizes synthetic biology innovation in a broad sense as a potentially 

important game changer.  

Although the strategies implied by the two dominant lines of reasoning in AMR 

policymaking might be seen as complementary and interrelated, there is a notable tension 

between these approaches in current policy discourses. One sign of this tension are the 

multiple initiatives bringing together governments, academia, the health care system, 

industry and others to jointly address the needs for innovation (DriveAB 2014; JPIAMR 

2014; ZonMw 2015). An important reason for these initiatives seems to be a mismatch 

between innovation funding priorities and urgent needs in public health policymaking 

(van Mierlo 2016; Renwick, Simpkin, and Mossialos 2016). In a recent review of public 

funding for research on AMR in Europe, the authors observe that “what (earlier) studies did 

not address is that the burden of antibacterial resistance cannot be tackled by focusing solely on 

antibiotic development research … actions need to be taken that can have immediate effect … 

(including) increased research effort in affordable, reliable, and rapid point-of-care diagnostics and 

interventions” (Kelly et al. 2016:432, 439). What can we conclude then in this regard about 

the research and innovation agenda for synthetic biology in the context of the future 

stories that emerged from our workshop dialogue?  

Synthetic biology futures  

As indicated by the wide range of potential contributions suggested in our future stories, 

synthetic biology is considered to be a platform technology with the promise of endless 

possibilities for the (re)design and engineering of biological systems, components and 

processes, including new kinds of antibiotics, alternative preventative and (targeted) 

therapeutic approaches to AMR, and new diagnostic and screening tools (Braff, Shis, and 

Collins 2016; Ervinda 2016; Medema et al. 2010; van Mierlo 2016; Pei 2013; Smanski et al. 

2016; Zakeri and Lu 2012). In general, however, these possibilities are still far from 

clinically approved and marketable products. In a survey among Dutch scientific and 

synthetic biology experts, the development of novel antibiotics, by re-engineering 

biosynthetic pathways of existing natural compounds, was identified as a synthetic biology 
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innovation strategy with the highest potential and closest to the market (van Mierlo, 2016). 

An important message we learned from our workshop dialogue is that, in thinking about 

synthetic biology futures, participants from the spheres of policymaking and human & 

animal health do have other and additional priorities in mind. In their future stories, they 

emphasize the need for rapid point-of-care diagnostics, to limit the unnecessary use of 

antibiotics in human health care, and the need for alternative preventative and therapeutic 

strategies in veterinary care, to radically exclude the use of conventional and novel 

antibiotics in animal farming.  

Another important message, especially in the stories driven by technological ambitions and 

expectations, is the need to foster and facilitate innovation through more generic 

institutional, regulatory and pricing measures. In other words, synthetic biology 

innovation may not only be ‘pushed’ in specific directions by policy guidance, but also be 

‘pulled’ more generally by public rewards (van Mierlo, 2016). In the same vein, Bos (2016) 

argues that in the articulation of societal goals, specification and legitimation of 

technological options are interdependent and arise simultaneously. But still there may be a 

tension between these two acts, as became clear during the second day of our workshop 

dialogue. One of the participants commented that, with the shift in the conversation to 

synthetic biology, the discussion became less open and seemed to be captured by the idea 

that whatever the problem, technology could provide a solution (Edelenbosch, 2016).  

The aims of our workshop were both process and content related. In terms of process our 

aim was to stimulate RRI by mutual learning, organized as an act of funneling, starting 

with a dialogue about AMR as a societal challenge in order to get a more a detailed and 

specific understanding of the possible role of synthetic biology. In this way, we contributed 

to ongoing initiatives in AMR policymaking, bringing together a diversity of stakeholders 

to jointly address the needs for innovation, while at the same time paying attention to a 

field of research that stakeholders in the current policy debate are mostly unfamiliar with. 

In terms of content our aim was to further shape through this process the research and 

innovation agenda of synthetic biology. By explicitly taking into account different funnels 

of interests, needs and values, we were able to identify in our workshop dialogue some 

specific concerns that may further guide the development of this agenda. By sharing these 
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results with our workshop participants, including (science) policymakers, this information 

may help them to set priorities in synthetic biology research and innovation.  

The challenge of renewable energy and the role of synthetic biology  

In the renewable energy workshop, we discussed the possible role of synthetic biology in 

the context of the energy transition as a complex societal issue, involving a variety of actors 

with different perspectives and potential conflicts of values and interests. The 15 

participants in our workshop had been carefully selected on the basis of two ordering 

principles (derived from Stemerding and van Est, 2013 and Cuppen, 2012): the stakes they 

had in the issue (involving groups like government, industry, science and civil society), and 

the perspective they had on the issue (including perspectives such as knowledge-focused, 

skeptic, market-oriented). The aim of our workshop was to create an arena in which the 

participants could collectively engage in a process of value-reflective inquiry, in order to 

stimulate their reflexivity and shared sense making on renewable energy as a societal 

challenge. It was our assumption that this required a playful approach, stimulating an open 

mindset, creativity and free exploration (van der Meij et al., 2017).  

We designed a program with several playful reflection exercises. Gradually, the focus of 

deliberation shifted from the context of the energy transition to the possible role of 

synthetic biology and back to the context of the energy transition. The first phase of the 

workshop was dedicated to an in-depth exploration of the participants’ own assumptions 

and values, for example by paired interviews to clarify personal values related to the energy 

transition, daydreaming about “right impacts” of the foreseen transition and creating an 

image of the future of energy consumption using LEGOÒ, clay, stickers and pencils. The 

participants created their own fabricated structures, but acted at the same time as co-

researchers, analyzing the produced content in terms of both their own and predefined 

categorizations (financial, organizational, technical, etc.).  

The second day started with a short introduction of synthetic biology, followed by a 

presentation of three future visions that had emerged from the discussions during the first 

day (Box 8.4).  
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Box 8.4: Key elements of three future energy visions  

Balanced growth  

Energy production and consumption are characterized by cooperation and organic 

growth. Important drivers are diversity, connectedness and the good life. Required is new 

knowledge & technology, transparency, and alignment of bottom-up/ top-down 

initiatives.  

Human being central  

Awareness is crucial. Need for local solutions serving self-supporting communities. 

Important drivers are sense of community in relation to individual freedom, moderation, 

beauty. Main requirements are adaptation of existing technology and strategies to bring 

together and mobilize people.  

Technological opportunities  

There needs to be a mix of technological and non-technological solutions, on a global 

level, but also integrating small- and large-scale initiatives. Important drivers are: 

accessibility, progress, courage. Required is experimentation, innovation, involvement of 

other global parties.  

Then, participants were invited to stand up for their idea and to explore possible links 

between synthetic biology and one of the future visions. This resulted in nine ideas, of 

which the participants chose three to develop further in the remainder of the workshop. 

The final phase of the workshop was dedicated to an in-depth exploration of synthetic 

biology futures in the context of the energy transition. We started this phase with a game 

we called ValueRoulette. Participants used value-cards that were produced in the paired 

interview exercise during the first day, to express which values they considered important 

with respect to the role of synthetic biology in the energy transition. Subsequently, 

participants were invited to explore the three prioritized ideas with a focus on the societal 

dynamics that might result from the diversity in values and problem framings when 

implementing this idea in a possible future.  
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Major findings from the renewable energy workshop deliberations  

Our renewable energy workshop we designed specifically to facilitate a process of 

reflective inquiry to enhance individual reflexivity. In the context of RRI, reflexivity is 

defined by Stilgoe et al. (2013) as 1) holding up a mirror to one’s own activities, 

commitments and assumptions, 2) being aware of the limits of knowledge and 3) being 

mindful that a particular framing of an issue may not be universally held. 

To achieve this threefold reflexivity, it is important to blur the boundaries between the role 

responsibilities of different actors and wider moral responsibilities as well as to confront 

individuals with different frames. Frames are particular ways of making sense of a complex 

reality and guiding our actions (Schön and Rein 1995). It was our assumption that in order 

to make our workshop dialogue productive, the process of framing had to be made explicit 

and reflective inquiry into the underlying values needed to be nurtured. In the evaluative 

post-workshop interviews, participants often indicated to have appreciated the blurring of 

boundaries introduced by the exercises (see chapter 7).  

“I liked the introduction round without the name tags because it released us from the 

institutes we work for.” 

“It was a bit of opinion-forming as a person in this world; from [the perspective of] 

my role as a scientist, but also as a human being.” 

Participants indicated that the open and playful character of the workshop was relieving 

and pleasurable as well as helpful in stepping out of their role and associated perspective. 

The open exploration as well as the building exercises made people become aware of the 

complexities and uncertainties associated with implementing synthetic biology in society. 

The confrontation with different perspectives was appreciated by the participants as 

increasing their awareness of different frames.  

“These underlying values determine a lot of what people will say … about how they 

see economic value … those kinds of things. It determines everything else. It invokes 

strong reactions, that’s curious to see.”  

“Many ethical aspects are not addressed in the EU projects I do. Those are mainly 

technology-driven.”  
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“We are often questioned about other things, not those values … actually it helps to 

discuss them directly. They determine so much.”  

Compared to the funneling process described above, we conceive the process in our 

renewable energy workshop as deconstructing funnels. Rather than tightening established 

connections between problems and solutions, goals and options, we started out to loosen 

these connections and diverge into the depth of the participants’ understandings of the 

issue of synthetic biology in the context of renewable energy.  

Synthetic biology futures?  

Looking at the final results of the renewable energy workshop deliberations, what other 

lessons can we learn from the playful and reflective mode of future making that we 

designed for? The resulting synthetic biology future images were generally very creative 

but also abstract. Mostly, they were expressing one or a few values that should guide 

synthetic biology innovation, without much specification of concrete technological 

options. For example, one group created the image of the green human being, a hybrid 

creature that had artificial plant cells integrated into its skin. Using photosynthesis, this 

green human being was able to generate its own energy. The group felt attracted to this 

idea because it expressed values that were important to them but often overlooked in the 

discussion, such as adventure, beauty and transformation. This example is indicative of how 

the process of reflective inquiry worked. It was very much value-oriented and thus 

contributed to the understanding of what reflexivity entails and how it can be enhanced by 

designing a multi-stakeholder dialogue process. Subsequently, the challenge is to link the 

resulting future images to everyday practice. In the post-workshop interviews, participants 

with both a research and policymaking background indicated that even though they were 

inspired by the personal, value-oriented encounters of the workshop, their professional 

context did not allow them much space to integrate these insights in practice. New 

research has to work out how to incorporate value-reflective inquiry and deliberation 

processes more effectively into the daily routines of research and policy.  
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8.7 Conclusion  

In this article, we have discussed the making of synthetic biology futures, not as strategic 

and promissory acts of visioning, but as activities supporting anticipation, inclusion, 

reflexivity and responsiveness as important dimensions of responsible research and 

innovation. Moreover, in our real-time TA activities we combined two different forms of 

future oriented reflexivity as complementary approaches to RRI, both constituting specific 

ways of future making. On the one hand, a technological options oriented approach, 

stimulating young and aspiring synthetic biology engineers to broaden their perspective in 

order ‘to get the science right’. On the other hand, a societal objectives oriented approach, 

involving a broad variety of stakeholders in discussions about the needs for synthetic 

biology innovation in order ‘to get the right science’.  

RRI can be seen as an attempt to find ways in which these different approaches can meet 

and feed each other. These approaches, however, have clearly different implications for the 

governance of emerging technologies like synthetic biology. The technological options 

oriented approach concurs with well-established traditions of TA, including research into 

the ethical, legal and social implications of science and technology (ELSI). This approach 

thus easily fits into a long-standing division of labor between scientists and technologists as 

the prime ‘enactors’ shaping innovation, and societal stakeholders as ‘critical responders’ 

(Garud and Ahlstrom 1997; Fisher and Rip 2013). Indeed, our iGEMer’s Guide may be 

seen as a set of tools that help to bridge potential frictions between these different 

constituencies, without however challenging the traditional social contract between 

science and society.  

RRI not only builds on established forms of TA, but also implies a shift to a societal 

objectives oriented approach, inviting us “to ask what kind of future we want innovation 

to bring into the world” (Owen et al. 2012:758). In this context, societal stakeholders may 

first and foremost be addressed as actors who have relevant and intimate knowledge of 

societal issues, and who represent a variety of normative commitments and visions about 

the purposes of innovation. There may still be a division of labor, but now societal 

stakeholders have the prime role of enactors, articulating particular societal interests, aims 
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and values to which scientists and engineers might critically respond. In this respect, 

indeed, RRI challenges the traditional social contract between science and society.  

In other words, the challenge of RRI is not only to provide tools, but also to create joint 

spaces and processes as a political and institutional requirement for deliberative practices of 

future making (van Oudheusden 2014; Van Oudheusden et al. 2015; Stilgoe et al. 2013). 

Such spaces and processes should invite societal actors and innovators (1) to critically 

examine both societal needs and opportunities to innovation – opening up society and the 

laboratory – and (2) to identify ways in which needs and opportunities might mutually 

shape each other in responsible trajectories of innovation – using scenarios as a tool in 

organizing interaction and mutual learning. In such spaces and processes of socio-technical 

integration four questions have to be dealt with. What is desirable in terms of value-inspired 

visions about societal challenges and purposes of innovation? What is possible in terms of 

technology inspired visions about options for incremental and radical innovation? What are 

viable combinations in terms of scenario imaginations of future co-evolution of technology 

and society? What are the policy implications for Synthetic biology research and 

development agendas?  
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Abstract  

evelopments in science, technology, and society mutually shape each other. This 

also means that the impacts of new technologies, such as synthetic biology, are 

unexpected and that it is difficult to guide developments robustly and in the publics’ 

interest. In order to address these issues, it is argued that we need to engage in a collective 

process of inquiry and deliberation, involving a variety of actors and issues. However, as 

literature suggest, meaningful deliberation is considered to be overly rationalistic, and 

allocates too little space for re-consideration of our conventional moral frameworks. As 

suggested by various scholars, artistic practices might offer solutions to these two problem 

areas. Over the past two years we have examined these possible solutions in the context of 

an art-science initiative: the Trust Me I’m An Artist (TMIAA) project. We observed 

performances and held interviews with artists, ethicists, scientists and curators who were 

involved in the project to explore dynamics of meaning making. We observed how 

(engaging with) boundary structures hamper as well as facilitates meaning-making 

 

D 
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practices and observed that TMIAA can enable and evoke moral deliberation, in which 

emotions and the challenging of conventional concepts play an important role. Having 

described these dynamics in the context of deliberation we highlight the undesirability of 

instrumentalization of art as well arts’ potential to advance our moral compasses.    

9.1 Introduction 

Science and technology and society are subject to a process of mutual shaping (Bijker et al. 

2012). As Jasanoff (2004:15) described, “wat happens in science and technology today is 

interwoven with issues of meaning, values, and power in ways that demand sustained critical 

inquiry”. Emerging biotechnologies in particular, are described as having transformative 

impacts not only on the lives and wellbeing of humans, animals and the environment, but 

also on the ways we see, value, and live our lives. In addition, emerging biotechnologies 

are regarded as controversial because they are frequently associated with the objectification 

and instrumentalization of life (Swierstra and Rip 2007). 

The evaluation of new technologies requires collective inquiry, as is marked by the 

‘deliberative turn’ in theorization of democratic theory (Bohman 2000; Dryzek 2000; 

Habermas 1991; Kellner 2014). At the core of these theories lies the principle that political 

decisions are only legitimate if they are established by a deliberative procedure (Dryzek 

2000). As Nowotny (2003) argues, deliberation should fit a ‘regime of pluralistic expertise’, 

in which democratization of expertise is necessary to create socially robust knowledge. 

From a deliberative democratic standpoint everyone should have a say in the direction of 

future developments, especially with regard to social and cultural impacts (Swierstra, 

Stemerding, et al. 2009). However, literature suggests there are at least two problem areas 

with current public deliberation that require our attention.  

First, deliberation initiatives are argued to be ‘over-rationalistic’, in which the role of 

emotions is overlooked (Davies et al. 2012; Elam and Bertilsson 2003; Roeser and Pesch 

2016). As pointed out by Roeser (2012) as well as Sayer (2011) this problem exists because 

of a dominant, but false, dualist view of reason and affect. Various scholars have advanced 

our understanding of emotions, for instance with regard to the role of emotions in moral 

judgment (see below), criminal law and justice (Kahan and Nussbaum 1996; Nussbaum 
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1996), and intelligence (Mayer and Geher 1996). As described by Sayer (2011), referring to 

Archer (2000), humans are sentient, evaluative beings who not only just think and interact 

but evaluate things, including the past and the future. In other words: “we are beings whose 

relation to the world is one of concern” (Sayer 2011:2). Emotions play a large role in thinking, 

interacting and evaluating, emotions are always about something, you can be (feel) proud 

of something, angry about something. Emotions involve not only cognitions and feelings 

but the pursuit or avoidance of change of some sort. Roeser (2012) and Roeser and Pesch 

(2016) pay close attention to the (neglected) role of emotions in risk assessment. They 

advocate for what they call an ‘emotional deliberation approach to risk’, a procedural 

approach for policy making that takes emotional responses seriously (Roeser and Pesch 

2016). As Sayer (2011:38) argues: “emotions are a source of information, that can assist rather 

than obstruct the process of reasoning”. Although the relationship between emotions and 

moral judgment is described to be complex with many unknowns (Greene and Haidt 

2002), the concept of moral judgment as a combination of affective and cognitive processes 

is widely accepted (Greene and Haidt 2002; Sayer 2011; Zagzebski 2003).  

Second, deliberative initiatives pay too little attention to issues of uncertainty and 

ambiguity – to the complexities of the real-world (e.g. Bohman 2000; Jasanoff 2011; Sardar 

2010). In deliberating new and emerging technologies such as synthetic biology, we make 

use of established moral and ethical frameworks (Swierstra, Stemerding, et al. 2009). 

However, as pointed out by Boenink et al. (2010) and Swierstra et al. (2009), the dynamic 

and complex character of our technological culture demands different approaches to 

morality and ethical reflection itself. In addition, emerging technologies pose challenges to 

our conventional vocabularies and ways of understanding (van den Belt 2009; Swierstra 

2002; Swierstra, van Est, et al. 2009) and disciplinary identities (Jasanoff 2004). Therefore, 

new technologies require re-evaluation of established moral routines (Swierstra and Rip 

2007), that are not often accounted for in deliberative processes.  

Considering the aims of as well as the issues around deliberation, a turn to the arts is 

perhaps not so surprising. In the context of emerging biotechnologies, the field of bioart is 

often described in terms of its powerful capacity to broaden our understanding of 

technology and our moral life (Andrews 2007; Lapworth 2016). As Zwijnenberg (2012) 

describes, the openness of works of bioart can provide us with new and effective 
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understandings of our individual ethical and aesthetic responsibility for the living 

organisms that we can produce technologically. The understanding of the arts as having a 

prominent place in the way we give meaning to our world is obviously not something 

new, as we can see from the still much admired book Art as Experience written by John 

Dewey in 1934. In this book, Dewey approaches art not as a physical object but as an 

‘expressive object’ that encompasses the entire art process. The energetic and intimate 

nature of art organizes an experience, which is always of relevance to our social and moral 

lives. As Dewey (1934:363) writes: “Because art is wholly innocent of ideas derived from praise 

and blame, it is looked upon with the eyes of suspicion by guardians of custom [...] Yet this 

indifference to praise and blame because of preoccupation with imaginative experience constitutes 

the heart of the moral potency of art. From it proceeds the liberating and uniting power of art.”  

Considering these words of Dewey in the light of the current areas of critique with regard 

to meaningful deliberation, we bring attention to the question of ‘how might this then 

work’? In other words, how might, in this case, bioart organize a reconsideration of our 

conventional morality, and what can we learn from this in terms of deliberation? In order 

to answer this question, we have observed and studied an art-science experience called 

‘Trust Me I’m An Artist’ (TMIAA) project as a collective experiment to explore the 

dynamics of emotional and moral meaning making. 

9.2 Methods 

Empirical context: Trust me I’m an artist 

The ‘Trust me, I’m an Artist’ (TMIAA) initiative brought together artists, scientists, 

curators, ethicist, and public audiences in two series of in total ten performative events in 

the period of 2011–2017 with the aim “to investigate the new ethical issues arising from art and 

science collaboration and consider the roles and responsibilities of the artists, scientists and 

institutions involved”34. TMIAA was initiated in 2011 by Anna Dumitriu as lead artist and 

                                                

 

34 http://trustmeimanartist.eu 
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Bobbie Farsides as lead ethicist with the aim to stimulate dialogue and engagement around 

the intersecting domains of art, science and ethics (Dumitriu 2017; Farsides, Dumitriu, and 

Bureaud 2016). The second series of performances that started in 2015 was led by Waag 

Society in collaboration with Anna Dumitriu and Bobbie Farsides. Both series of events 

were a collaboration between Waag Society, Brighton and Sussex Medical School, The 

Arts Catalyst, Kapelica Gallery, Medical Museion, Capsula and Leonardo/Olats. The 

project was financed by the Creative Europe Program of the EU and the BankGiro Lottery 

fund.  

At each event, the audience witnessed a selected artist present either an artwork, or (a part 

of) the artwork itself, to an ethics panel who had to evaluate the moral complexities of the 

(proposed) artwork and come to a decision whether the artwork would be in line with the 

current ethics guidelines. In most occasions the structure was that after the first part, in 

which the artist had presented their artwork or proposal, the artist would leave the room 

and the panel would discuss the proposal. After that the artist was invited back into room 

where the decision of the ethics panel was discussed between artist, panel and audience. As 

will become clearer in the results section of this paper, the performances varied greatly in 

style, theme, discussions, etc. Each performance had a different ethics panel that was 

composed for the specific event, based on the performance, the location, and the themes at 

hand. Ethics panel members included researchers, ethicists, curators35, artists, writers, etc. 

We will elaborate on this below. 

Data collection & analysis 

The first author (AWB) of this paper observed six events of TMIAA, Of the first round one 

performance was observed online: Adam Zaretsky (2011) – ‘Mutate or Die’ (Amsterdam, 

                                                

 

35 There are several conceptions of the role of the curator (e.g. as a cultural agents or exhibition 

managers) combing elements of preserving, selecting, and arranging works of art (see e.g. Fowle 2007). 

In this paper we refer to curators as those who identified themselves as curators within the context of 

TMIAA, but did not always take on a specific curating role in TMIAA. 
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video material) and of the second round five performances were observed: Martin O’Brien 

(2015) ‘Taste of flesh/Bite me I’m Yours’ (London, live); Špela Petrič (2015) – ‘Confronting 

Vegetal Otherness: Skotopoiesis’ (Ljubljana, video material); Ivor Diosi (2015) – ‘Molding 

the signifier’ (Prague, live); Howard Boland (2016) – Cellular Propeller (Berlin, live); and 

Jennifer Willet & Kira O’Reilly (2017) – ‘Be-wildering’ (Amsterdam, live). During and 

after the events, notes were taken and personal experiences of the performances were 

written down in a logbook (by AWB).  

Between February 2015 and June 2017, the first author, assisted by a master student, held 

22 interviews, including the six artists whose performances were witnessed (in real-life or 

online) and 16 other participants of TMIAA events. All interviewees agreed to participate 

in this study. Except for the ethics panel that was part of the performance of Špela Petrič, 

we conducted interviews with 1-4 members of each panel. Some participants had multiple 

roles and participated, for instance, in more than one ethics panel, or took part in one 

ethics panel but also moderated one panel. Some participants would identify as having a 

clear role or position, others would, for instance, identify as an artist/writer/activist. 

However, taking broad categories, we conducted interviews with seven artists, five 

ethicists, three writers, three scientists, and four curators.  

Interviews were held on locations convenient for the interviewee, or via Skype, and lasted 

between 1 and 2.5 hours. The in-depth interviews comprised elements of narration-based 

and thematic interviewing, starting with a narrative phase so that the interviewee would be 

in the lead of the interview (see e.g. Scheibelhofer 2008). Themes that were discussed 

included: (1) the participants’ professional and personal background, (2) the participants’ 

experiences with TMIAA, (bio)art, and the (bio)art community, (3) the participants’ 

perspectives, beliefs, and ideas with regard to emerging technologies, (bio)art, public 

engagement, science and art infrastructures, etc., and (4) opportunities and barriers they 

experience in their work and life.  

All interviews were recorded with consent, transcribed in full, and analyzed by hand as 

well as by using MAXQDA.11. After the first ten interviews, the first author together with 

the master student started with a qualitative content analysis describing the roles and 

responsibilities of participants and TMIAA in terms of public engagement according to 
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standard qualitative analysis procedures. After this first round we took on a broader 

perspective of the TMIAA project as a site of collaborative meaning making and deployed 

an iterative process of thematic analysis (Braun and Clarke 2006). Thematic analysis is a 

method for identifying, analyzing, and reporting recurring themes within qualitative data 

(Braun and Clarke 2006). We took on a ‘contextual’ approach to thematic analysis that 

acknowledges the ways individuals make meaning of their experience, and, in turn, the 

ways the broader social context affects those meanings. From our thematic analysis, we 

found the following overarching themes:  

• the organization and/or structure of the space (project, initiative, relations etc.) in 

which meaning making took place or was facilitated; 

• the ways in which the meaning-making process occurred, such as through 

imagination, emotion, affect, confusion, repulsion etc.; and 

• the themes, concepts of meaning making that were dealt with within TMIAA (as a 

whole, or in separate performances, or broader: in the (bio)art community) and in 

which ways.  

We then used the broad categories of critique as described in the introduction to further 

shape our thematic analysis and focus on specific elements of each theme. To explore the 

first theme – the structure of TMIAA and the roles and responsibilities perceived by 

participants – we used the concept of ‘boundary work’. Boundary work is a much 

described and used concept in the social sciences. First devised by Gieryn (1983) to 

understand and describe discursive practices used by scientists to create a boundary 

between science and non-science, the notion has found its way into several fields of study 

36. To this notion of demarcation, we add the insights of Thompson Klein (1996) who 

describes the processes of blurring, cracking and crossing boundaries. She uses these terms 

                                                

 

36 Several different terms have been used by a variety of others to describe what happens to the 

boundaries, and in the context of this study we have chosen to use ‘demarcate’ for acts that also entail 

creating and protecting, and ‘crossing’ for acts that encompass cracking and blurring. See for instance: 

(Lamont and Molnár 2002; Zietsma and Lawrence 2010) 
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to understand dynamics of boundary work in processes of change in disciplines, when 

cracks arise in institutionalized science that can then be blurred. In this context, boundary 

crossing entails the “loosening and reformulating” of categories (Thompson Klein 1996:191).  

In presenting our findings we use notes from the first author’s logbook and (parts of) 

interviews or other writings, e.g. essays in which the artist reflects on the performance. 

The material that is presented in the results section were chosen to be reflective of 

collective experiences or perspectives. We refer to the artists, ethicists, curators, and 

scientists (and others) as ‘participants’, and to the visitors as ‘public audience’. Names of 

participants are shared only if it necessary for reasons of accuracy and relevance.  

9.3 Results 

In this section, we elaborate on the practices of meaning making that were observed 

within TMIAA and discuss these in relation to the areas of critique that we described in the 

introduction.  

Boundaries & meaning making 

Deliberation of emerging biotechnologies requires interdisciplinary collaboration and new 

modes of knowledge production. Field of biotechnology already blur some lines between 

conventional disciplines, as for instance visible in collaborations between disciplines of 

biology and engineering in the field of synthetic biology (Balmer, Bulpin, et al. 2016). In 

order to understand structures of power and collaboration taking on a boundary 

perspective can be productive (Jasanoff 2011). What kind of boundaries are there, and how 

do actors engage with these boundaries?  

We argue that TMIAA can be seen as a collective experiment in which various disciplines 

collaborate or cooperate with each other, as a form of ‘staged boundary work’. In that 

sense, we observed that the structures of meaning making practices that hamper or 

facilitate these processes are being negotiated in a space that is partially a conventional 

professional environment and partially a new environment. Our findings show that this 

dynamic led to very different experiences of the participants, with most participants being 
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content with a new structure, but also some that had different expectations and were 

disappointed.   

There were many topics that evoked boundary work, of which ‘the differences between art 

and science’ and ‘art as public engagement’ were the most triggering. For reasons of space 

we focus here on the latter. Not surprisingly, the participants had a broad range of views 

on the idea of (bio)art as a mode of engagement. Some outspokenly participated in 

TMIAA with the primary goal of public engagement, some immediately emphasized that 

(bio)art should not be used in any way to promote this. These insights are, albeit not novel, 

interesting in themselves, but here we show how this topic strongly evokes demarcating 

boundary work. As one artist explains: 

“I am so not interested in that, I’m an artist, I’m completely not a public engagement 

person. [..] public engagement with science is amazing but it’s a real skill and it’s not 

something I would remotely wish to do and I’m not even a tiny bit interested in it [..] 

I think it’s a terrible, terrible trend and you know artists have to tick boxes to get 

funding so, sometimes for some artists there’s going to be an obligation to fulfil 

science communication.” 

Or as one curator argues: 

“Yeah it’s a big issue. I think there are lot of artists who don’t want their work to be, 

what they call, instrumentally used, used for a particular goal, whether that’s a 

political point or even for education. They just may not want their work used in that 

way because the thing about art is... it should be something that you can put out there 

that is interpreted on many levels depending on where it is, who the person is 

experiencing the art, it shouldn’t just be interpretable in one way. It’s kind of a 

definition. If it is, it’s kind of not art.”  

Much of the literature on boundary work focuses on boundaries between disciplines, but 

seeing the current developments within biotechnology (who is the ‘synthetic biologist’?) 

we argue that deliberation also requires rethinking of what a discipline is and how people 

perceive what is at the core of their ‘discipline’. In TMIAA we observed that participants 
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also engage in boundary work in relation to other participants or professionals with a 

similar background or job title, as illustrated by this quote: 

 “You know [other artist] is a good example of that, I think a lot of her work 

communicates science very well and I think that’s probably one of [her] interests. She 

wants to communicate to some sort of public the fascination of what the world of 

microorganism is, how that impacts on health, what the relationships between our 

world and different health issues are, I’m not interested in that. I come from a messy, 

sense of you know very political sort of feminist practise where it is about troubling 

the status quo somehow. Even if it’s in very benign, subtle ways. (an artist) 

Next to that, the blurring of boundaries can also be seen as an act to protect one’s own 

identity, where someone’s identity included being ‘versatile’. This would conventionally 

happen the other way around, through acts of demarcating or emphasizing what is at the 

‘core’ of one’s profession or discipline – but that only holds (to a certain extent) if there is a 

core. Several participants described situations of role flexibility, which in those terms can be 

seen as creating a boundary between flexible and fixed, or versatile and specialized.  

In some respect, we argue that all participants could be regarded as ‘boundary crossing’ 

actors, since their participation on TMIAA inherently involves crossing (or being involved 

in) one or more disciplinary boundaries or gaps. However, some participants explicitly 

described situations of acts of boundary crossing. Here we turn to a group that was of 

great importance in the setting-up and execution of TMIAA: the curators. Perhaps it is not 

surprising that curators engage in boundary crossing activities, but from our study it 

becomes clear their experiences and visions have a large influence on practices of meaning 

making, and their role in the context of (bio)art is far less explored and described. The 

situations of boundary crossing curators engage in can be roughly divided in two 

categories: boundary crossing as an implicit act in which the interviewee describes a 

situation without the (explicit) intention of showing how boundaries were crossed, and, 

boundary crossing as an explicit act, as a professional role or personal mission. From our 

study two observations stood out: the tacit nature of the curators’ work, and the closeness 

of the curator to the artists and artworks.  
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Emotional deliberation 

As described in the introduction, current deliberation initiatives can be considered too 

‘rationalist’. Especially considering the ambiguous and uncertain nature of developments in 

biotechnology, deliberation that focuses on rational argumentation fails to grasp these 

complexities. In looking at TMIAA as a practice of meaning making we observed several 

ways in which the performances triggered aspects of emotional deliberation. Our findings 

suggest that the emotional engagement with a specific situation engages the spectator in a 

process of inquiry. In this sense, emotional engagement can aid in making sense of that 

situation and understanding what is thought to be morally right and wrong, and gain more 

insight in one’s thought process.  

To illustrate how (bio)art might contribute to facilitating emotional deliberation regarding 

emerging technologies, we would like to share an observation of the last performance in 

the series of events that took place in Amsterdam in May 2017: a piece performed by artists 

Kira O’Reilly and Jennifer Willet, entitled ‘Be-wildering’37. Their artwork can be described 

as an arrangement that was a combination of a lecture, conversation, performance, ethics, 

and manifesto. The performance conferred and encompassed aspects of wilderness, 

toxicity, vulnerability, fertility, the lab vs. the wild environment. There is obviously not 

enough space here to do justice to the performance but we highlight one fragment of the 

first author’s logbook: 

“Kira’s arms, with the dramaturgical help of Jennifer, were decorated with glitter 

using whisked eggs as a natural glue and then at one point later they presented the 

audience, but very noticeably specifically to the committee, with a large dead salmon 

on a pile of potting soil. Kira then went on to carefully pour the fine green glitter – I 

had never seen a finer glitter! – on the salmon that was draped on the potting soil. 

The act evoked, at the same time, a wondrous feeling of awe, of beauty, and quite a 

                                                

 

37 See here for more information, footage, and other links: http://trustmeimanartist.eu; 

http://www.kiraoreilly.com; http://www.jenniferwillet.com  
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deep feeling of repulsion. The repulsion did not last long, and I was more shook by 

my own repulsion than by the actual salmon a few feet away. Now, this experience is 

different for everyone; perhaps it depends on your stance on eating meat and fish, 

perhaps on something else and it was notable that others in the audience were less 

shocked, but some also more. But the cascade of emotions and feelings induced a 

deliberative conversation in my own mind: why was I repulsed? Why was it so 

beautiful? The conversation in my head drifted to other matters around 

industrialization and nature and then back until the ethics committee too reflected on 

the green glitter by suggesting the use of bio-degradable glitter.”  

This kind of experience was recognized by the other participants, as often described in the 

interviews when we asked about their motivations for participation. As one of the ethicists 

expressed:  

“You know… I never thought about it this way I guess, but I must have [...] because 

I was quite shocked by my own response. All of these experiences, and I still felt like 

‘that is wrong’, you know, ‘that’s painful and that’s wrong’. It’s my pain that I am 

feeling, and I am not even hurt. So how does that work you know. Can it be all of 

that at the same, or nothing at the same time? It’s definitely not just wrong or 

[right].” 

These fragments are indicative of a more general pattern of emotional engagement that we 

observed. The evoked emotions were quite strong and could not be neglected; they forced 

the participants (and the author) to make sense of a complex and ambiguous situation they 

were confronted with. In other words: the emotions, and thereby the situation itself, could 

not be ‘rationalized’ away. These experiences also show how an emotional response can 

not only function as the start of a process of sense making, but also as a stimulus to 

continue deliberation. Moreover, as the quotes indicate, it was the combination of 

seemingly disparate emotions that sparked confusion and thought, compelling the observer 

to engage in a process of inquiry. 

The emphasis on emotional experience reflects a blurring of emotion and reason as distinct 

faculties. This is further illustrated by the response of someone that took on a role as 



Chapter 9 

 194 

member of the ethics panel of the performance of Martin O’Brien’s (see the following 

section): 

 “Being part of this audience also, I don’t know, it was a bit unnerving maybe, but 

also beautiful, I could only feel, there’s was so much going in my body, and then later 

[...] I felt like... it fell into place [...] It took me a while to understand what I was 

feeling.” 

All three quotes reflect this feeling of delayed suspense, in the sense that, as the spectator, 

you can be surprised; you do not know what is coming, and you respond to your own 

emotions. In the words of an ethicist (not related to a specific performance):  

“Usually I reason a lot, I am a real thinker, and only afterwards I feel something 

about it. Here [in TMIAA] it was different. Such a relief...” 

Modes of re-conceptualization in meaning making 

As discussed in the introduction, emerging technologies require reconsideration of 

established moral concepts and frameworks. In terms of deliberation, it is therefore 

important to reflect on our moral routines and current moral norms and values, that we use 

in evaluating relations we entertain with other (human) beings or in conceptualizing what 

constitutes a ‘good life’ (Swierstra, Stemerding, et al. 2009). We illustrate this with an 

example. If we look at the development of novel tools for genetic testing we can observe 

that new moral issues arise. Not only does such a test arrange new choices to be made, 

these choices affect family members as well. Next to that, how can we deal with a genetic 

diagnosis; are we ‘healthy’ until we perceive symptoms, or do we perceives ourselves as ‘ill’ 

when we know that we will develop symptoms later in life. Obviously, these issues differ 

strongly per illness, but it illustrates how our concepts of health and disease are being 

challenged. Other concepts and categories include: enhancement, normality, and disability 

and autonomy, consent, choice, freedom.  

Within TMIAA we observed several accounts of what can be called ‘re-conceptualization’; 

moments in which conventional concepts and categories were challenged or refuted. Here 

we discuss two ways in which what we saw in TMIAA exhibited the potential to 
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contribute to renewal of moral frameworks: (1) the disrupting of moral routines and (2) the 

subversion of concepts. 

Disrupting moral routines 

To illustrate in which ways (bio)art might contribute to the challenging or disrupting of 

moral routines we turn to the performance of Špela Petrič named “Confronting Vegetal 

Otherness: Skotopoiesis” 38 (held in September 2015 in Ljubljana). This performance was 

part of a series of pieces in which she “investigates vegetal life as the unchallenged frontier of 

estrangement”39. In her 19-hour performance she used her body’s shadow to cast darkness 

over a small field of cress. What follows is a process of ‘intercognition’. The cress tries to 

grow towards where the light can be caught and in this attempt, trades his color and leaves 

for length. The artist, on the contrary, loses height. By standing upright for so many hours 

the fluid between her intervertebral disks, is causing her, in fact, to shrink. As the artist 

writes about her performance (Petrič 2016:268):  

“This particular session [...] did not deal with a topic considered controversial—quite 

the opposite—plants are deemed an ethically acceptable substitute for other “higher” 

life forms when performing experiments in science [...] the dismissal of the need for 

ethical justification is symptomatic of a highly biased view on life [...] holding on to 

speciesism is in denial of the present development of methods to genetically alter, 

grow in vitro and substitute and shape life, including our own biological substratum”.  

In watching the ethics panel discussion online40, the first author observed how this 

discussion was quite different from the ones she had also witnessed; there was less intense 

discussion and there were some silences because, so it seemed, they did not know which 

specific questions to raise. The first author wrote in her logbook:  
                                                

 

38 See here for more information on this and more of her work: www.spelapetric.org 

39 http://trustmeimanartist.eu/projects/confronting-vegetative-otherness/ 

40 http://trustmeimanartist.eu/projects/confronting-vegetative-otherness/ 
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“The panel remained really calm, they seemed to recognize and agree on the inherent 

bias we have as humans [...] but that realisation seemed not to evoke moral objections 

in itself.”  

As Špela Petrič (2016:269) writes:  

“The session of the ethical committee was quite anti-climactic, without heated 

discussions over safety, abuse or dignity as you might expect at panels on ethics. 

Instead, the debate was focused on the known and unknown inner workings of plants; 

for example, do they have an intelligence, an intentionality, do they respond or react 

to the environment, are they merely mechanic or do they possess an inner world? A 

significant part of the discussion was searching the plant being for values we are 

committed to. Their intrinsic worth, perhaps the least palpable, was not addressed.”  

These experiences and observations illustrate a few relevant things. The first author wrote 

in her logbook, after the interview with the artist: “how does that work with our empathy then, 

towards plants [...], why do I not feel that?”. As we introduced earlier, emerging 

biotechnologies evoke technomoral change. Swierstra (2013) makes the point that if it will 

be so that technologies succeed in being ‘in charge’ over nature, we essentially make them 

moral subjects. This performance elucidated the complexities around, and the limits of, our 

ethics, yet, it was not experienced as such by everyone, signaling a need to reconsider or 

expand who or what to account as a moral subject. As Farsides et al. (2016) concludes of 

the performance in a reflection essay on the second series of TMIAA: 

“Beyond an attempt at intercognition with a live nonhuman, the work also raised 

interesting issues of plant ethics and questioned our hierarchical view of the living, 

where some organisms are clearly regarded as more worthy of respect and 

consideration than others.”  

Subversion of concepts 

As described earlier, current deliberation of emerging biotechnologies makes use of 

conventional moral frameworks and concepts. Next to disrupting moral routines, we 

experienced how TMIAA strengthened ‘re-conceptualization’ by destabilizing concepts, 

categories, connections and dichotomies. To illustrate this, we turn to the performance of 
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artist Martin O’Brien, entitled ‘Taste of Flesh/Bite me I’m Yours’ that was held in London 

in April 201541. The three-hour performance addressed the themes of contagion fear of the 

sick body. In the words of Martin O’Brien: 

 “All of the works emerge from my body, the idea of chronic illness and specifically 

CF and how that affects my body [...] and then with this piece I was thinking about, 

I was stuck for quite a long while with this whole like conceptual idea around the 

zombie that is this figure that is both dead and alive and this sort of absolute abject 

body that is falling apart and that has a need to bite people to infect them, ehm, and 

think about how that might be useful for exploring issues around sort of illness. 

Particularly around sort of illness, particularly when the life expectancy is so short, is 

so small. You’re alive but also with this shadow of death, is always over you.. and 

distinguishes kind of human, but not really human is also like an abject monstrous 

figure”.  

The performance questioned, among others, the conceptual notions of submission (and 

power or dominance), and the body. We will first describe how we observed the 

subversion of the notion of submission. The performance was set in a built-in room 

covered with semi-transparent plastic. The plastic became of importance later, because 

members of the audience could watch the performance from outside the room where it all 

happened. It was possible for members of the audience to walk out of the room, for 

whatever reason, and watch through the plastic, or get back in again. Again, it is 

impossible to put the performance into words. This fragment of the first author’s logbook 

describes one aspect:   

“[..] with the wall of plastic, it created an audience of an audience. The real audience, 

who was not an audience anymore, and the other audience, who could almost not be 

more of an audience. I had never felt more like an audience. Almost as if I was 

watching myself.”   

                                                

 

41 More of Martin O’Briens work can be found here:  
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During the performance, the atmosphere changed. In the beginning, the audience (almost 

everyone was in the room) was still untouched – a real audience with nothing to be afraid 

of. Later, the audience became part of the performance and Martin O’Brien was 

demanding something in return, as, in his words:  

“One moment that I enjoyed was taking all that stuff off and then I started to go 

around and the first point where everybody had to move to get out of the way or they 

would get covered in paint and everybody was sort of scattered out of the way, what I 

really love. And you know people got caught in the middle and step over the chain, 

you know people backed against the walls.” 

It seemed difficult for some people to see (or be part of) the performance, though others 

were clearly at ease or comforted. This illustrates the subversive nature of the dynamic that 

arose during the performance. The audience, first untouched and spectating later became a 

part of the performance (or not, if they went out of the space), and [could get paint on 

themselves] were submissive (to the performance, and to Martin) – roles had definitely 

changed. For a rather large part, the ethics panel focused on the topic of consent of the 

audience, however, as Jareh Das (2016, p.267), who curated the performance of Martin 

O’Brien, explained in a paper in which she reflects on curating this performance: 

“I considered this a shift in power dynamics through the notion of “collective gazing,” 

which might have brought about an inner experience of the “gazed-at” object (the 

sick body). All whom were present perhaps experienced something similar when all 

of our eyes pointed toward the same object. Then by perceiving another’s gaze and 

following his or her line of regard to the gazed-at object, this actually brought about 

a meeting of minds: At one level, people share a similar visual experience of one 

aspect of the world, regardless of our varying ethical positions.”  

We can distil another contraption in this situation, as becomes clearer upon reading the 

essay ‘Performing Chronic: Chronic illness and endurance art’ (O’Brien 2014:57) in which 

he portrays the intricate biopolitical relationships between (his) body, (his) chronic illnesses, 

enduring, and endurance art. In his words: 
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“If people live within the duration of slow death then there is no way 

out; it is a life lived under duress”. 

Here, Martin O’Brien exposes how coercion and choice are not opposites, not two distinct 

categories that exist purely upon the agency (or lack thereof) of the human who is subject 

to either one. In challenging these notions, it lays bare the variety of conceptions of what it 

means to be ill, or live with a disease, what constitutes health, etc. The challenging of 

conventional concepts was something almost all participants emphasized. In the words of a 

different artist (not related to a specific performance): 

 “Here’s also ideas about relationships and ideas about bodied and ideas about.. [...] 

and about immortality and why we care and do we care and about duration and 

what it is to look at something alive that’s not a body.. or is it a body? What is a 

body? You know it starts to get into those kinds of strange weird and wonderful 

questions about… maybe our definitions about body are completely wrong.”  

These fragments show how, often, we have strong conceptions that influence or moral life, 

that influence how we value medicine, what we see as medicine. We have difficulty 

understanding someone else’s power or pleasure if the same situation would have brought 

us nothing but misery or shame. What became exposed in the performance of Martin 

O’Brien, as well as in the interviews, was how art has a place in bringing down the walls 

that structure these strong conceptions. 

We observed how the performance of Martin O’Brien refuted classical distinctions 

between notions submission and power, or coercion and choice. These notions, normally 

perceived as clear dichotomies now become notions in themselves, in the sense of that are 

still related (or discussed) in contrast with the other category – but also as such. As one 

ethicist (not about this performance) describes:  

“What is needed perhaps, or what I feel [TMIAA] is good at, is, you know, getting 

rid of these that’s this and that’s the opposite. Sometimes things are more you know, 

we shouldn’t judge everything [...] as you know life, death, natural, unnatural...”  
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9.4 Discussion 

What lessons, or what inspiration, can we draw from what we saw taking place within 

TMIAA in terms of deliberation of emerging technologies? In our exploration, we have 

identified several aspects of meaning making that are of relevance in this particular context. 

First, we described how participants engage in boundary work when discussing, most 

notably, art as public engagement. These dynamics can have an effect on the success of a 

collaborative initiative, especially in terms of creating (knowledge, or artworks, or both) 

together. We also observed many accounts of boundary crossing and blurring that can 

have positive as well as negative effects on collaboration. In TMIAA we noted that curators 

worked very closely with artists (and the other way around of course), to an extent where 

some of their practices were so entangled that it was difficult to see them apart. This role of 

the curator has been described by Fowle (2007) and Rugg and Segdwick (2007) as a shift 

from a governing position controls taste and ideas to one that “lies amongst art (or object), 

space, and audience”. Especially with regard to potentially different conceptions about 

what art or public engagement should be about (see also below) our results suggest that the 

curators’ role is essential. These insights might be inspirational for deliberation, especially 

considering the various distinct ways people give meaning to emerging biotechnologies 

(Betten, Broerse, and Kupper 2017). 

Second, our results support the idea that emotional responses to works of art can evoke, 

stimulate, and nurture sense making in unexpected ways. There is no way around it; the 

issues at hand that require deliberation cannot be dismissed. As Roeser (2010) describes, 

emotions and moral intuitions can guide our moral choices. Here we also connect to the 

work of Doyle (2013) who, by closely studying ‘complicated’ works of art, argues that we 

should pay close attention to our emotions for the same reason we described: it tells us not 

only something about how we experience the artwork or the artist feelings, but also our 

own. In this sense, our results suggest here that art should not necessarily be seen as a way 

to convey emotions, but as something that awakes our inner emotional compass.  

Third, our experiences and the results from the interviews suggest several ways in which 

TMIAA contributed to moments of re-conceptualization of moral frameworks and 

concepts, which is not a simple thing to do. In the words of Swierstra et al. (2009:121): 
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“We are so immersed in current morals, our identities are so deeply entwined with them, that most 

people find it hard, and distasteful or even frightening, to imagine them to change.” As Das 

(2016:267) describes: “Performances such as Taste of Flesh/Bite Me I’m Yours, which 

operate at intersections of the medical, socio-cultural and political, where the “artist’s body” 

naturally takes centre stage as both subject and object, and with the sick body— in this 

context categorized medically (and culturally)—as one that is disabled, raise important 

questions about how bodies are categorized, highlighting the complex relationships 

between the body and its governance [...] In framing the sick body within the context of 

masculinity and emasculation due to illness, a discussion of disability is needed in order to 

reveal the nuances in trying to understand the complexities present in a work such as Taste 

of Flesh/Bite Me I’m Yours.”  

Then, this dynamic of meaning making is similar to the one described above. In order to 

make sense of a feeling or confrontation, questions need to be raised and answered – and 

there is no way around it.  

Overall, our study provides some valuable insights into dynamics of meaning making 

through art. We observed emotional and moral imagination and deliberation in 

unexpected ways, underscoring the importance of (attending to) emotions, challenging 

conventional cultural categories, and developing collaborative moral capacity. 

Limitations of this study 

This study has several limitations. First, with regard to generalizability of our research 

results we acknowledge our own role in perceiving what took place in TMIAA, since the 

experiences of the first author were personal experiences. However, by making use of 

method triangulation and thematic analysis we looked carefully for repeated patterns of 

meaning and the final themes were checked back to the original data set (Braun and Clarke 

2006). 

Second, in this paper we have been referring to the focus of our study as ‘(bio)art’ to 

acknowledge it as the multifaceted, and perhaps contested, phenomenon that it is 

(Lapworth 2016). All the artistic practices that take place under the banner of ‘bioart’ have 

their own place in the meaning-making landscape and here we make the point that in our 
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interviews the term ‘bioart’ was also used to describe practices outside TMIAA, even 

though the events that formed the empirical basis of this study might not have been ‘bioart’ 

per se. However, we highlight here the narrative focus of this study, in which the 

heterogeneity of ‘bioart’ is more seen as part of the story(-teller), than an object of study in 

itself.  

A third point we would like to raise concerns the ethics of (bio)art: a much discussed and 

interesting topic that remained beyond the scope of this paper (partly because of the 

previous point). However, since the aim of TMIAA was specifically to provide a platform 

for discussing (bio)art and ethics, reflections on this topic are of great importance (see 

Farsides et al. 2016). Several scholars have exposed how (bio)art reveals and requires new 

forms of ethics at the same time (see e.g. Andrews 2007; Catts and Zurr 2008; Vaage 2016). 

From a boundary perspective, we did see how the stances towards the ethics of (bio)art 

were, in our study, often discussed in disciplinary terms (it is allowed when it is for the art 

(freedom, controversy); or – contrary – allowed for science (public good, lives being 

saved)). We would take on a similar journey to further unravel these perspectives, in seeing 

what place they occupy in meaning making practices. 

Looking ahead 

In exposing how TMIAA played a role in processes of meaning making, we obviously 

strongly connect to the field of ‘artistic research’. As described by Borgdorff (2012), artistic 

research seeks to achieve a reflective articulation of the bond between art and our 

intellectual and moral life. We argue thus that the fields of study of deliberation on the one 

hand, and artistic research on the other, allow for mutual strengthening. This resonates 

well with what Calvert and Schyfter (2017:210) see as “an emergent form of critique”: a way 

of expanding our critical capacity.  

In this paper, we have shown the diverse ways in which TMIAA contributed to various 

ways of meaning making that could be of value in deliberating biotechnologies. However, 

we would like to overtly stress that we acknowledge how our account of the ‘potential’ of 

an initiative like TMIAA might harm the practices of the artists and curators. As artistic 

freedom is an essential part of their practices, and thus of the artworks, attempts to 

intervene in this process of freedom (the ‘suspension of a goal’) for other purposes than 
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those of the artist (in the moment) might have adverse effects. It was our aim to connect, 

rather than disengage, the fields of public deliberation (or engagement) with the fields that 

explore meaning making through art, to see where common grounds can be found.  

In looking at TMIAA from a perspective of deliberation, we found that TMIAA exhibited 

(bio)arts’ capacity to empower integration of dualist domains of meaning making, such as 

emotion and intellect, and affect and reason, which should, as argued by (among others) 

Jasanoff (2011), a key competence of new modes of  deliberation. With respect to future 

deliberative practices, we hope that our results suggest that the elements of meaning 

making as discussed in this paper need further exploration as to how they can be more 

“common” (Latour 2010) for the whole of society.  
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n the previous chapters, we have described our efforts with getting a better 

understanding of what meaningful deliberation on synthetic biology entails. We 

formulated the following aim to guide our research project: 

To unravel and facilitate meaning making and reflection regarding the responsible 

development of synthetic biology in order to contribute to an appropriate public sphere for 

meaningful deliberation.  

From this aim, we articulated the following two main research questions: 

• How can we design and facilitate reflexive modes of deliberation with respect to 

responsible development of synthetic biology? 

• What can we learn from dynamics of meaning making and reflection in terms of 

meaningful deliberation of synthetic biology?  

 

 

I 
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In the first section of this chapter, we will provide the most important findings of our 

research project, and provide answers to the sub- and main research questions. In the 

second section of this chapter, we will reflect on the results and limitations of this study 

from a broader perspective, followed by a discussion of the strategies that we used to 

increase the validity of this research project. We will conclude this chapter with looking 

ahead and provide considerations for future deliberation of synthetic biology based on 

what was learned over the course of this project. 

10.1 Conclusions 

Part 1: Mapping the public sphere 

Part one consisted of two studies: (1) mapping interactive learning processes for emerging 

technologies; and (2) unravelling citizens’ perceptions of synthetic biology.  

Our first study aimed to identify the rationales behind ‘opening up’ science and 

technology, focusing on the aspects of mutual learning and reflection for emerging 

biotechnologies, such as synthetic biology. To this end, we conducted a desk study in 

which we analyzed previous research projects deploying an interactive learning approach, 

and we proposed a potential operationalization of RRI for the context of synthetic biology 

for global health. Our findings suggest several important realizations to take into account 

when aiming for a mutual learning and reflection process in synthetic biology. First of all, 

the translation of innovations into practical applications had proven to be a complex and 

meandering process. There is a risk of mismatches of a variety of natures between intended 

outcomes and actual use or uptake. The example on the development of cochlear implants 

(see: van der Wilt et al. 2000), which we explain in this study and in the introduction of 

this thesis, exposes the interwoven character of the social and natural with regard to 

innovation. So, in order to enhance robust societal embedding of synthetic biology, to 

avert mismatches and to ensure fair and equal distribution, we need to deploy a strategy 

that guides and monitors this process. Such a strategy, in line with the aims of RRI, should 

include perspectives of a wider range of actors. Next to this, the focus of the process should 

be on learning and reflection. A final point that came out of this study was that such an 



Chapter 10 

 208 

approach to organize learning and reflection should always have an emergent, and when 

possible, continuous character.  

In the second study of our project, we designed and facilitated focus groups with Dutch 

citizens to unravel the ways they make sense of synthetic biology. The question we aimed 

to answer was: how do citizens perceive and make sense of synthetic biology, and what can we 

learn from this for a future science-society dialogue? To better understand the underlying 

dynamics of citizens’ perceptions, we studied four different perspectives on the relationship 

between humans and science & technology, following two guiding questions: (1) whether 

humans and science & technology are part of one world, or rather seen as separate realms, 

and (2) whether, in innovations and development of science & technology, humans are 

seen as more dominant, or whether science & technology are seen as more dominant. 

Based on these two questions we argued that four archetypical views (see Figure 5.1) can 

be distinguished that play an important role in the assessment of emerging technologies, 

such as synthetic biology. In short, the views of synthetic biology can be described as (1) 

instrumentalist, (2) determinist, (3) creative design, and (4) adaptivist. Contrary to what 

some argue, our focus groups suggest that citizens were very well capable of discussing 

such a complex topic. We found that although all archetypical perspectives were present in 

the focus groups, the majority of the citizens reasoned within a dominant determinist or 

instrumentalist framework, which is in contrast with the STS consensus of co-production 

(which holds that science, technology, and society are developed in a process of mutual 

shaping, see also the introduction of this thesis). We argue that attention should be paid to 

this discrepancy. Our results further support the idea that problematizing science and 

technology is part of a natural sense-making process, and not necessarily or directly 

connected to an overall ‘negative’ appraisal of a certain scientific or technological 

development (Torgersen 2009). Citizens did not express totalizing viewpoints, even when 

they voiced strong concerns or brought up many opportunities. Since a lot of scholarly 

outreach from biotechnology is based on this binary view of the publics’ opinion, this last 

insight is especially pertinent. For these reasons, we argue that it is important to put 

dynamics of framing upfront when designing or facilitating deliberation. 

The findings of this study have been used as input for such an exercise in explicating 

frames of synthetic biology: the Frame Reflection Lab (FRL, van der Meij et al. 
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forthcoming). The FRL was designed as a creative learning session that supports people to 

discover (1) their own and other people’s views of synthetic biology, (2) where these views 

come from (underlying values and assumptions), and (3) the possible relations, differences, 

and similarities between the various views.  

Both studies emphasized the complexities around learning and sense making, and their 

influence on deliberation or innovation, rather than providing straightforward answers that 

could immediately be used to organize, for instance, a public dialogue. The main 

conclusion from the first part of this research project was thus to focus more on unravelling 

of the dynamics of meaning making, with a specific focus on the unknown futures of 

synthetic biology.  

Part 2: Experiments with future making 

In order to learn more about meaning making with regard to futures of synthetic biology, 

we organized two experiments with future making. This part of the thesis research entailed 

three studies: (3) exploring moral reflection of synthetic biology students, (4) 

understanding reflexivity in a multi-stakeholder dialogue process, and (5) evaluating 

reflexive modes of future making.  

For our third study, we designed and guided seven real-time technology assessment (TA) 

activities with student teams participating in a large international students’ competition on 

synthetic biology. In these real-time TAs, the students deployed scenario work, the 

constructing of application scenarios and techno-moral vignettes, in addition to working 

on their technological innovation. It was our aim to unravel if, and, if so, in what ways the 

scenario work contributed to – what can be called – RRI practices.  

Based on our observations of, and the interviews we held with, the participating teams, we 

found that the scenario work had a positive impact on all dimensions of RRI. Students 

described situations that indicated how the activities they undertook as part of the scenario 

work influenced their perceptions of the field of synthetic biology in general and/or their 

project in particular. As described in chapter 6, we distilled two ways as to how the scenario 

work contributed to RRI, as it occurred in this project. First, the direct link of the scenario 

work to the students’ own project was important because they had more pleasure in doing 
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it as they saw more added value in comparison to other (previously experienced) work into 

social dimensions of technology development. Second, the scenario work provided 

structure and coherence by asking questions and demanding writing down the scenarios, 

which was seen to be important for both the experienced added value as well as for the 

anticipatory process of tacking back and forth between the innovation and the outer 

world.   

In comparing our findings to the conceptualizations of the four dimensions of RRI as 

described by Stilgoe et al. (2013), we found that the scenario work enhanced many 

elements in all dimensions, but also that some elements were not or hardly enhanced in this 

specific context. Most importantly, as a cross-dimensional element in the conceptualization 

of Stilgoe et al. (2013), there was little effect with regard to being able to scrutinize 

underlying social system dynamics, value systems, expectations and promises, and 

dynamics of power and governance. The scenario work turned out to be a much-

appreciated method in shaping collaboration and experimentation ‘beyond the bench’. This 

study therefore suggests that scenario work can be a valuable method to enrich 

(collaborative) RRI practices. 

For our fourth study, we designed and facilitated a two-day multi-stakeholder dialogue 

on the role of synthetic biology in the energy transition. As described in chapter 7, the 

dialogue deployed a playful, creative methodology with a focus on the needs and ideas of 

the stakeholders that were invited to take part. We found, as literature also suggests 

(Benard and de Cock Buning 2013; Edelenbosch 2014; Gianni and Goujon 2014), that it 

remains difficult to facilitate and evaluate reflexivity. Based on two rounds of interviews we 

held with the participants, before and after the dialogue, we argue that participants became 

more aware of the diversity of perspectives on the future of synthetic biology, as well as 

that they acknowledged the limits of technological knowledge. But we also found that our 

dialogue session did not enhance the component of reflexivity that entails the ability to 

challenge one’s own assumptions.  

Our study provides several leads with regard to the design of a dialogue of which the 

element of playfulness was the most prominent in participants’ reflections. The overall 

experience of the dialogue as fun, creative, and entertaining seemed to have worked in 
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favor of reflexivity and the effect of the dialogue in general. Participants noted that it kept 

them more engaged, that they enjoyed collaborations more, and that they remembered 

elements of the dialogue better.  

In looking at future dialogues from our learning experience, we argue that it is important 

to actively design for specific purposes (such as frame reflection), and to approach the 

multi-stakeholder dialogue as a longer-term learning process. The latter entails that the 

dialogue process should start prior to the actual dialogue event with investigating the ideas 

and wishes of participants. We also argue that follow-up is not only important for 

evaluative purposes, but that looking back at a dialogue is part of the learning process as 

well.  

In the fifth study, we analyzed and compared the experiments from studies three and four, 

as well as another dialogue session that was held in tandem with our dialogue. This 

dialogue focused on the potential role of synthetic biology for the issues around antibiotics 

resistance. In this study, we aimed to understand what the potential role of future-making 

exercises might be in our aim for RRI of synthetic biology. We argue that these exercises 

could be regarded as reflexive modes of future making that can be of benefit for the 

creation of joint spaces of reflection in which (1) societal needs and opportunities to 

innovation are carefully examined, as well as (2) the ways in which these needs and 

opportunities mutually shape each other are identified.  

Part 3: Re-imagining the public sphere  

Following from the first two parts of our research project we signaled the need to further 

investigate the conditions for meaningful deliberation in the real world in the third part of 

this thesis. Taking on our conceptual perspective of the public sphere, we welcomed the 

opportunity to unravel meaning making practices in the context of “Trust Me I’m An 

Artist” (TMIAA), an art-science initiative exploring the ethics of bioart and emerging 

biotechnologies. The sixth study of this project therefore aimed to explore meaning-

making practices for emerging biotechnologies. In this project, we observed several 

performances that were part of TMIAA and conducted interviews with artists, ethicists, 

curators and scientists to unravel in what ways meaning making takes place. We used 

concepts from theories of emotion, moral imagination, re-conceptualization, and boundary 
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work to make sense of the meaning-making practices. We found several leads as to how 

the performances in TMIAA evoked and nurtured emotional and moral deliberation. For 

instance, by concurrently feeling emotions that are seemingly distinct, a mental issue was 

created that needed attention and deliberation. With regard to re-conceptualization and 

boundary work, we found that participants of TMIAA all engaged in boundary work to 

protect their identities or cross boundaries. Also, the performances brought about 

reconsideration and subversion of conventional categories such as autonomy, choice, and 

coercion; health and disease, etc. Our findings suggest that bioart initiatives like TMIAA 

can play an important role in how we give meaning to emerging biotechnologies, and 

could therefore also play a role in deliberative practices – especially considering the aim to 

broaden the deliberative space.  

Overall, we would like to draw the following main conclusions: 

The first question we aimed to answer was: how can we design and facilitate reflexive modes 

of deliberation with respect to responsible development of synthetic biology? In our study we have 

learned that creative exercises of future-making can fulfill an important role in RRI of an 

emerging technology like synthetic biology in several ways. In experimenting with two 

creative modes of future and meaning making with or amongst a variety of stakeholders, 

we found that the construction of scenarios and imaginaries evokes a learning process and 

enhances elements of reflexivity. Our final study on the potential of bioart in meaning 

making processes with regard to emerging biotechnologies assents to this supposition.  To 

get a more concrete understanding of these dynamics, we conceptualized reflexivity as 

having three dimensions: an epistemic dimension, a moral dimension, and a social-

relational dimension. From our experiments and observations, we saw that with regard to 

the epistemic dimension of reflexivity, the students in study 3 as well as the participants of 

the MSD (study 4) obtained a different understanding of the concept of knowledge in two 

distinct way. First, they considered a broader conception of knowledge and expertise in 

terms of what can and should be considered knowledge or expertise. Second, they visibly 

shifted perspectives towards seeing ‘scientific knowledge’ as part of a large(r) puzzle, 

especially when linked to the inherent uncertainty of the future. In study 4, participants 

explicitly described how collaboratively imaging futures of the energy transition led to 

more awareness of the complexity of issues of emerging technologies, hereby also 
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acknowledging and emphasizing the need for collaboration. A similar awareness was raised 

in study 3, where students experienced how collaboration beyond disciplines was of benefit 

for the development of their innovations. With regard to the transdisciplinary field of 

synthetic biology, we connect these conclusions to, for instance, the work of Balmer et al. 

(2016) as a step into the direction of more meaningful collaboration between disciplines.  

Considering the socio-relational and moral dimensions of reflexivity, we mainly saw that 

participants of our experiments became more aware of the existence of multiple frames: 

they expressed awareness of the very different ways people define issues and solutions. 

Participants often explicitly described situations as eye-opening moments where they 

realized how frames and perspectives determine how we assess new technologies, and what 

we consider to be the ‘right’ trajectory. This was mostly attributed to the situations in the 

experiments where they were either confronted with a variety of different perspectives on 

an issue, or where they experienced that the way they looked at a certain issue or matter at 

stake was not shared by the majority. Considering this, our results suggest that it was most 

challenging for participants to reflect on the meaning of their own framing, on how 

having certain assumptions influences their behavior and what they see as the right 

approach to research and innovation.  

In considering this, our results do already demonstrate the benefits of making reflection 

exercises a core component of deliberation. By shifting the focus of deliberation from an 

emphasis on technological opportunities and concerns to a focus on the underlying values 

and perspectives, we contributed to opening up trajectories for the future of synthetic 

biology. Especially in the context of synthetic biology, a field in which there are high 

stakes, this shift might be essential to develop synthetic biology robustly and in the publics’ 

interest.  

However, our findings also warrant some modesty with regard to the overall impacts of 

deliberative exercises for responsible development of synthetic biology. Our results propose 

that more explicit reflection on the meaning of assumptions and the ability to challenge 

one’s own assumption should take in a more prominent place in deliberative practices. 

Although the participants of the experiments reflected positively on their involvement, we 

also acknowledge that the experiments were small-scale and that longer-term learning 
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effects are difficult to realize as well as identify. Next to that, our findings signal the need to 

further our skill-set with regard to designing and facilitating deliberative exercises that not 

only account for value plurality, but also make use of it. 

The second question that we aimed to answer was: what can we learn from dynamics of 

meaning making and reflection in terms of meaningful deliberation of synthetic biology? Our 

results provided evidence that, with regard to synthetic biology (or emerging 

biotechnologies), people have very distinct ways of meaning making and reflection. From 

our study, we can conclude that pluralism can be understood as having two distinctive 

elements: having different attitudes and beliefs towards important matters such as emerging 

technologies, as well as having different ways of meaning making. This distinction is useful 

to not only understand the nature of pluralism when considering perspectives of synthetic 

biology, but it also explicitly accentuates both elements as objects of study and topics of 

dialogue. We reflect more on this in the following section of this chapter.  

Our results also imply that the emergent context of synthetic biology requires specific 

attention, as it remains a sensitive topic. Considering synthetic biology as technoscience, it 

reveals the dynamic course of the development of the field also in terms of who is involved 

(scholars, disciplines, research institutions), the overarching themes and question that are 

center stage at a certain time, and matters of funding, dominant perspectives, etc. As we 

also described in the previous paragraph, our study suggests that this context in which 

deliberation takes place should be a topic that we deliberate in itself. Not only in terms of 

that it is important to deliberate synthetic biology because it is a sensitive topic, but also 

why it is sensitive, how it is sensitive – and the roles of our frames and assumptions in this.  

In our experiments, we saw that it remains difficult to organize reflexivity on the 

performativity of one’s own assumptions and our results suggest at least two directories: (1) 

to embed self-reflexivity in research and innovation practices as well as in education to 

ensure longer-term learning processes and learning processes that are more applied to a 

real-life context, and (2) to focus not only on rational elements in deliberation, but more 

on affective elements and the connection between rational and affective elements of 

deliberation. This last point was supported by the results from our final study. In taking on 

a ‘public sphere’ perspective we aimed to understand the public spaces in which 

deliberation takes place, or should take place. In our study into dynamics of moral and 
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emotional meaning making we found that bioart has the potential to connect rational and 

affective elements, for example by evoking confrontational feelings that have to be 

addressed. Here we learned that this opens up opportunities to broaden deliberative 

practices beyond initiatives that are organized for the purpose of deliberation per se, and 

that connecting dualist domains of reasoning can be an essential component of what makes 

deliberation meaningful. 

10.2 Discussion 

In this section, we would like to discuss the findings of our studies from a broader 

perspective. The objective of our study was to unravel and facilitate meaning making and 

reflection regarding the responsible development of synthetic biology in order to contribute to an 

appropriate public sphere for meaningful deliberation. In the previous section, we have shared a 

summary of the most important findings and the conclusions we have drawn based on 

these findings. However, there are some essential points of discussion that we would like to 

address.  

First, our study suggests a distance between the STS perspective of mutual shaping of 

science, technology and society, and the perspective that many citizens, scientists, and 

others have of these relationships. This particularly emerged in the second study – where 

we identified dominant frames of reasoning, in the third study – where we supported real-

time technology assessment activities of iGEM teams, and the fourth study – where we 

organized a multi-stakeholder dialogue. In their study of socio-scientific classroom 

discourses, Boerwinkel et al. (2014) found similar attitudes with regard to genetic testing. 

We argue that there is insufficient attention for the actual distribution of the different 

frames of reasoning in the public sphere, and that the distance between and distribution of 

frames deserve explicit attention. This is especially so with regard to the dominant and 

persistent instrumentalist epistemology in science and technology. In order to better 

incorporate STS insights into science and technology, dynamics of mutual shaping should 

be emphasized in the curricula and other educational practices across disciplines.  

Second, in light of the different perspectives on the presumed nature of relationships 

between science, technology and society, it might not be surprising that 
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misunderstandings of ‘the other’s’ opinion prevail. We saw, in both experiments, that 

deficit understandings of the public are dominant in many efforts of (young) scientists to 

‘bridge the gap’. The reason for this might be that science communication is still presented 

and/or perceived as a didactic enterprise, which, since this only makes sense if there is 

something to teach, might sustain the deficit model (Meyer 2016). Another type of 

misunderstanding concerns the persistence of public acceptability as the main issue of 

synthetic biology. Our personal experience throughout the different studies supports this 

persistence, even though we also provided evidence that refutes the idea of a public being 

afraid and (thus) against synthetic biology as a whole. As Marris (2014) discusses, the 

synthetic biology community shows to be very engaged, which is in itself valuable, but, if 

this engagement is built on misunderstandings (“synbiophobia-phobia”) of the public’s 

perspectives of synthetic biology, engagement fails to meet the expectations or intentions. 

Both types of misunderstanding require attention. With regard to the former, our 

suggestion would be to shift from a ‘science communication as education’ focus to a more 

dialogical understanding of communication (Boerwinkel et al. 2014; Meyer 2016). 

Considering the latter point, we take on a modest stance; as Marris (2014) points out, these 

misunderstandings seem to have been around for 25 years – so we do not want to suggest 

that our study has the solution. However, if we reflect on the third study of this thesis in 

which we guided students in doing real-time TAs with scenario work, we can hypothesize 

that such a context might be fitted for making these assumptions explicit. In this study, we 

observed increased awareness with regard to value plurality, for a large part because it was 

meaningful and specific to their project. In this sense, it could also be suggested that in 

deconstructing false assumptions a more experience-based approach could be appropriate.   

Third, this thesis aimed to address real-world complexities. However, the two experiments 

that we conducted for this thesis were (to a certain extent) staged and retreated from 

society. This setting might contribute to what many scholars have described as the issue of 

‘business-as-usual’ after the ‘interesting’ event (Edelenbosch 2014; Hagendijk and Irwin 

2006; Kloet 2011; Roelofsen 2011). If learning takes place within a specific context, it 

might only be ‘learned’ in that environment. The results from our third study suggest there 

is much potential for learning processes that last longer, especially when the environment is 

close to the own working environment. We noted that the experiences of the iGEM 

students, although in the specific context of their project and the competition, were much 
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more grounded in their ‘real’ lives. The real-time TAs were not seen as artificial and 

obligatory ‘school-like’ exercises, but they had real meaning and impact for the students. 

Our final study (on ‘Trust me I’m An Artist’) was essentially different, as we were observers 

rather than co-designers of the initiative and the participants and audiences were not 

(purely) engaged for the reasons of learning or reflection.  

The processes of meaning making that we identified in TMIAA shows potential for 

learning in such a non-staged setting. However, our results indicate that focusing on the 

potential ‘educational’ capacity of an initiative like TMIAA might harm the practices of the 

artists and curators, and – by that – could also minimize its potential as such. As artistic 

freedom is an essential part of their practices, and thus of the artworks, attempts to 

intervene in this process of freedom (the ‘suspension of a goal’) for other purposes than 

those of the artist (in the moment) might have adverse effects.  

Fourth, our study suggests several leads for design of deliberative practices. Even though 

we have taken on a modest stance with regard to the impact of our experiments, we argue 

that, nevertheless, multiple lessons were learned. Our findings suggest that creative design 

played an essential role in the positive effects of our experiments. Participants of both 

experiments emphasized this value in comparison to, for instance, other conferences and 

(educational) courses. Of course, we do not want to make the claim that creativity solves all 

issues (instead, as described in chapter 7, it also led to issues42). But we do argue that the 

design of a dialogue (just as the preparation) is of great importance and that well-designed, 

playful, and creative elements may considerably enhance reflexivity, which was the 

dimension of RRI that we aimed to explore and contribute to in our MSD study.  

Fifth, and last, what we observed throughout our studies was the need for new words and 

images to make sense of the world. For example, our focus group discussions clearly 

                                                

 

42 In reflecting on our multi-stakeholder dialogue, it became clear that the ‘everything is possible’ 

mentality had some drawbacks as well, for example because participants did not engage in prioritizing or 

making trade-offs.   
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showed how metaphors, analogies, and imageries were used to convey ideas and opinions. 

However, since these comparisons might not always ‘say’ the right thing, these could cause 

misunderstandings. Not too speculative images of the future proved to be of value for 

participants in study three and four, for, among other things, giving meaning to what is 

important today (van der Burg 2014). 

10.3 Limitations and strategies of validity  

In this section, we will discuss the issues regarding the internal and external validity of our 

research findings. With regard to internal validity, we will discuss two aspects: the role of 

the researcher, and inclusion and representation. With respect to the external validity we 

will discuss the relevance of the approach and methodological design for other emerging 

technologies, and the relevance of the findings for other types of deliberative approaches.  

Internal validity  

The role of the researcher 

The researcher had a central role in designing and facilitating the research process, as well 

as in analyzing the results. The research was co-constituted as a joint product of the 

participants, the researcher, and their relationships (Finlay 2002). The researcher used 

methods of introspection, such as a personal logbook to increase reflexivity on personal 

reactions, and collaboration, such as working together with other scholars in various 

projects. Taking on a central role in this research project also provided the opportunity to 

remain close to the data and the context in which the studies and experiments took place. 

However, this also meant that the researcher had the task to evaluate the self-designed 

processes. Next to that, the researcher took on a role in the design and facilitation of 

deliberative practices. By engaging in a process of conducting real-time TAs and using the 

output in the setting of a multi-stakeholder dialogue, for instance, the researcher actively 

helped shape future imaginaries.  

Therefore, in order to enhance the validity of this study, we applied triangulation on two 

levels. First, we adopted multiple qualitative research methods, including desk studies, non-

systematic literature reviews, semi-structured interviews, focus groups, participatory 
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observations, and a multi-stakeholder dialogue. Second, multiple researchers were involved 

in the design, analysis, and evaluation of the processes and studies and in the facilitation of 

interviews, dialogues sessions, and focus groups. Where necessary and possible, we aimed 

for saturation of data. For example, in study two we organized eight focus groups until no 

new types of conversations arose. In study 6 we conducted 21 interviews with participants 

to achieve saturation. In other studies, the data collection was confined to the participants 

of the experiments. In studies 3 and 4, we sent out member checks to increase validity of 

the data. Researcher bias was also minimized by audio-recording of interviews, focus 

groups, and workshops, and transcribing research data verbatim, keeping observation 

logbooks, and using qualitative data analysis software (MAXQDA.11) for analysis.  

Inclusion & representation 

Throughout this study, we aimed to include a wide variety of stakeholders in the process. 

In each study, inclusion was organized differently – in line with the purpose of the study 

and possibilities for inclusion. In study 2 of this thesis in which we conducted focus groups 

with Dutch citizens, inclusion was purposeful and based on maximum variation sampling. 

Participants were recruited via a specialized recruitment agency to ensure diversity in all 

groups. However, we cannot rule out that there may have been a certain bias in the 

database of the recruitment agency since some people register with such an agency for 

financial reasons (although compensation is modest), resulting perhaps in a less invested 

attitude, or – contrary – because they like giving their opinion on matters.  

In our study on real-time TAs with iGEM teams, participation was voluntary, but teams 

were selected based on a research proposal. There was a financial incentive for student 

teams to apply. These aspects might have an impact on the findings because it could be that 

the teams who applied already had a lot of enthusiasm for an RRI based project. The 

financial incentive might have countered this issue, but has in itself implications as well. It 

might be that teams only participated for the money, which might have had an impact on 

the findings, since it might have been the case that teams – once they received the money 

– only put in the minimum amount of time and effort.  

For our multi-stakeholder dialogue (study 4), we specifically aimed to bring together a 

variety of perspectives and sent out personal invitations. This way, we aimed to organize 
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representation and inclusion. However, it was difficult to get certain (critical) perspectives 

to participate, because they had agendas that differed from what we offered. The dialogue 

could have benefitted from these specific views, especially with regard to organizing 

constructive conflict.  

External validity 

The studies described in this thesis specifically aimed to contribute to responsible 

development of the emerging field of synthetic biology. Here we would like to interpret 

our findings in terms of transferability. First, Swierstra and Rip (2007) make the point that 

technologies of biology perhaps require a specific bioethical approach, since issues always 

have ‘living creatures’ as a starting point. We acknowledge that this might be the case, but 

we also argue that the findings of our study provide insights that can be used for 

deliberative practices in the context of other emerging technologies. As we observed in our 

focus groups (study 2), citizens mostly engaged in more general NEST-ethical issues 

related to inequality and distribution of health and benefits, rather than in a more specific 

bio-ethics, we feel that an emphasis on ‘bio’-related concerns of synthetic biology does not 

do justice to the key questions that should be asked (Marris 2014).  

Second, as study 2 took place in a Dutch setting with Dutch citizens, it could be argued 

that the results from this study are not representative of the whole of society. However, as 

we described in chapter 6, the aim was not to provide a representative overview of 

perceptions of synthetic biology, but rather an impression of dynamics of framing and 

problem setting that we would arguably see in countries with similar characteristics. Still, 

the point should be made that this study would benefit from taking place in different 

cultural settings. Study 4 also took place in a Dutch setting with Dutch stakeholders. We 

specifically addressed issues of diversity and invited participants of all ages, and made sure 

that enough women representatives took part.   

The RRI-based research approach that was adopted for this study, with its transdisciplinary 

character and emergent design, was previously deployed (yet in their uniqueness) by other 

researchers, for example in the fields of neuro-imaging (Edelenbosch 2014; de Jong 2015), 

animal welfare (Benard 2014), and health research (Caron-Flinterman 2005; Elberse 2012; 

Pittens 2013; Schalkers 2016; Schrevel 2015). When we consider our research in light of 
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these previous studies we learn several things. First, all of these projects give shape to an 

RRI process in their own specific way, so that it fits the specific context. The focus can be 

national, international, or both, the relevant stakeholder groups can be easily identified, or 

need to be recognized first, etc. All studies focused on different social, ethical, and legal 

aspects. These differences require careful consideration and tailoring of the overarching 

RRI approach.  

Taking this into account, it is exactly the flexibility in an emergent design that makes it so 

open to adjusting for different contexts. All projects listed above took on a problem focus, 

but combined and integrated different methods for the specific purpose of their study. In 

our case, we deployed real-time TAs (Guston and Sarewitz 2002) and a multi-stakeholder 

dialogue (Benard et al. 2014; Cuppen 2012) as parts of our methodological design. These 

methods have been used in the context of many issues related to emergent technologies.  

Lastly, in our study we adopted the notion of public sphere as a conceptual perspective to 

interpret our findings in terms of shaping conditions for meaningful deliberation beyond 

the (semi-)confined spaces that we conducted our experiments in. This perspective is 

shared by other scholars who attempt to place deliberative practices in the context of 

deliberative democracy theory (Callon, Lascommes, and Barthe 2009; Fraser 1990) 

10.4 Suggestions for further research: A public sphere perspective 

As described in the previous section, we took on the perspective of the public sphere as a 

concept to shape our findings and place our research project into a broader context. In this 

final section, we would like to provide some suggestions for further research, contributing 

to a meaningful public sphere in which deliberation of emerging technologies, such as 

synthetic biology, is more common.   

Our research aimed to contribute to the responsible development of synthetic biology by 

exploring transdisciplinary collaborative practices. However, our experiments were 

temporary and self-designed. As Balmer et al. (2016) argue, interdisciplinary collaboration 

could benefit from co-designed experiments that fit the nature of the work of all disciplines 

involved. Through this, collaborators would perhaps have more time and resources to 

devote to the experiments and new trajectories can be truly co-shaped. We already saw 
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some of this potential in the real-time TA processes that we guided, but we argue that this 

area of research deserves more attention.  

A large part of this thesis focused on exploring meaning-making processes. We would also 

like to argue that more research into collective meaning making in epistemic practices is 

needed. Especially with regard to the unknown future of synthetic biology, and the 

anticipatory aim of RRI, it would be interesting to explore how meanings are made in 

everyday work practices to understand what constitutes ‘a desirable future’, how these 

‘meanings’ are negotiated (Frow 2013), and how they co-shape the actual future (Borup et 

al. 2006).  

We found that processes of meaning making can be different from what is sometimes 

presumed in public deliberation, signaling a mismatch between how people are expected to 

reason and how they actually reason. Various scholars therefore argue that we should invest 

in a deconstruction of the dualist perspective of cognitive vs. emotive reasoning (Greene, 

Sommerville, and Nystrom 2001; Jasanoff 2011; Roeser and Pesch 2016; Sayer 2011). We 

recommend research in two different directions. First, we would like to suggest more 

collaboration between disciplines, such as psychology, ethics and STS, to co-design 

experiments of meaning making and unravel patterns of actual reasoning. Second, we see a 

possible role for engaged STS to understand how this dualist reasoning pertains in relevant 

areas of science policy, for instance by re-evaluating the boundary work that demarcates 

facts from values (Jasanoff 2011).  

Many scholars emphasize a re-imagination of the public sphere towards the ideal space and 

form for public deliberation (Boros and Glass 2014; Callon et al. 2009; Pellizzoni 2003). In 

using the insights from our research, we wish to express at least three thoughts. First, we 

argue that more research is needed that aims to understand the complex tension between 

stimulating on the one hand individual deliberation and empowerment, and on the other 

hand communal engagement and social movement. Second, with respect to emerging 

technologies such as synthetic biology, we would like to raise a point with regard to social 

division and real access. As this thesis was carried out within a framework of RRI, it is also 

important to reflect on our own role in the facilitation of inclusion. If we take on a 

deliberative stance in looking at the public sphere, this means that, as Pellizzoni (2003) 
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describes, the contradiction between the ideal open space and its actual accessibility 

requires our full attention. A third and last consideration we would like to express concerns 

the broadening of discursive areas. Many (feminist) scholars have re-thought the 

distinction between what is public and what is private (Bohman 2004; Fraser 1990; 

Gripsrud et al. 2010) and we argue that especially in the context of emerging technologies 

it is essential to reconsider these boundaries between public and private (or privatized). In 

other words, if there is one common sphere, it is essentially not everyone’s sphere. 

Considering the above, as well as the complex context of emerging technologies, our 

rapidly changing communication infrastructures (e.g. the rise of the Internet), and the 

differences in meaning-making processes, the right way to broaden the discursive space 

might be in connecting separate public spheres, rather than to create one ideal sphere.  
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cience and technology are not only technically constituted but interwoven with 

matters of meaning, values and power; our social relations are in our science and 

technology and vice versa. A classic example to illustrate the social construction of 

technology is that of the introduction of the contraceptive pill. In 1967 Time magazine 

placed an image of contraceptive pills in the shape of the Venus symbol on its cover that 

marked its importance for the emancipation of women. Another illustrative example is the 

cochlear implant (CI); an electronic device that mimics the work of damaged parts of the 

inner ear to provide sound signals to the brain. Research describes how, in developing and 

assessing these devices, the deaf perspective was overlooked which resulted in an initial 

mismatch between technology and users. Deaf communities expressed discontent because 

the development disregarded deaf culture, and expressed how CIs symbolized current 

society’s disregard of their cultural identity.   

Both examples illustrate the dimensions of ethics, values, and power within the epistemic, 

material and social formations that constitute science and technology and show the 

dynamic interaction between science & technology and society. The research and 
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experiments presented in this thesis build on this conception of how our worlds are 

constituted and attempts to put these insights into practice.  

This thesis focuses on synthetic biology, an emerging field of science that aims to to 

address a wide diversity of problems, aiming to develop targeted therapeutics, synthetic 

vaccines, biofuels, biosensors, gene therapies, raw materials, artificial odors and flavorings 

by designing and building novel biomolecular components, networks and pathways, 

and using these constructs to reprogram various organisms. Synthetic biology has an 

epistemologically diverse character, including DNA-based device construction, genome-

driven cell engineering, and protocell creation, each with their own aims, techniques, and 

agendas.  

On the one hand, the field is recognized to have a lot of (economic) potential and is often 

described in terms of its transformative capacity, leading to a new industrial revolution. On 

the other hand, most considerations of synthetic biology also stress the wider moral, social 

and political issues connected to the development of the field. On yet another hand, and 

considering this complexity, it remains a challenge to find ways to develop synthetic 

biology responsibly in the public interest. 

We acknowledge that more space should be given towards public meanings attached to 

science and innovation in deliberative models that integrate science and values, and 

stimulate reflection and social learning rather than emphasize prediction and control. For 

this purpose, we argue, the opportunities for, as well as the context of, meaningful 

deliberation need to be explored.  

To broaden our perspective on inclusive deliberation we take on a public sphere perspective. 

The public sphere can be understood as a space of public discourse, opinion forming, and 

controversy. Citizens meet in the public sphere to discuss how they wish to live together in 

society, to scrutinize political decision making, and to give meaning to public life. In this 

conception, the public sphere is not limited to a specific place or to specific people, as it 

allows all citizens to be part of the articulation of the needs and opinions of society.  

Considering the above, it was our aim to further understand how people give meaning to 

synthetic biology, not only to improve deliberative practices, but also to further how our 
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society ‘as a whole’ can flourish more in terms of being included in the democratization of 

science and technology. Therefore, we formulated the following aim: 

To unravel and facilitate meaning making and reflection regarding the responsible 

development of synthetic biology in order to contribute to an appropriate public sphere for 

meaningful deliberation. 

From this aim, we articulated the following two main research questions: 

• How can we design and facilitate reflexive modes of deliberation with respect to 

responsible development of synthetic biology? 

• What can we learn from dynamics of meaning making and reflection in terms of 

meaningful deliberation of synthetic biology?  

The approach chosen for this study is characterized by three key design elements: having 

a problem focus, deploying an emergent design, and seeking and studying collaboration 

beyond disciplines where possible. These elements form the fundament for 

transdisciplinary research where multiple methodologies are necessary in working towards 

solving “complex and multidimensional” issue. The six papers presented in this thesis 

reflect different stages of the five-year research project. As described, the methodological 

design of this research project had an open and emergent character; the aim was to be able 

to follow-up on the conclusions and lessons learned from each sub-project in the next 

steps. Considering our overall objective of contributing to an appropriate public sphere for 

meaningful deliberation we divided our methodological design in three parts: (1) mapping 

the public sphere, (2) doing experiments with future making, and (3) re-imaging the 

public sphere. 

Part 1 –  Mapping the public sphere 

Part one, ‘mapping the public sphere’, consisted of two studies: (1) mapping interactive 

learning processes for emerging technologies; and (2) unravelling citizens’ perceptions of 

synthetic biology. Our first study aimed to identify the rationales behind ‘opening up’ 

science and technology, focusing on the aspects of mutual learning and reflection for 

emerging biotechnologies, such as synthetic biology. To this end, we conducted a desk 

study in which we analyzed previous research projects deploying an interactive learning 
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approach, and we proposed a potential operationalization of RRI for the context of 

synthetic biology for global health. Our findings suggest several important realizations to 

take into account when aiming for a mutual learning and reflection process in synthetic 

biology. First of all, the translation of innovations into practical applications had proven to 

be a complex and meandering process. There is a risk of mismatches of a variety of natures 

between intended outcomes and actual use or uptake. The example on the development of 

cochlear implants, mentioned above, exposes the interwoven character of the social and 

natural with regard to innovation. So, in order to enhance robust societal embedding of 

synthetic biology, to avert mismatches and to ensure fair and equal distribution, we need to 

deploy a strategy that guides and monitors this process. Such a strategy, in line with the 

aims of RRI, should include perspectives of a wider range of actors. Next to this, the focus 

of the process should be on learning and reflection. A final point that came out of this 

study was that such an approach to organize learning and reflection should always have an 

emergent, and when possible, continuous character.  

In the second study of our project, we designed and facilitated focus groups with 

Dutch citizens to unravel the ways they make sense of synthetic biology. The question 

we aimed to answer was: how do citizens perceive and make sense of synthetic biology, and what 

can we learn from this for a future science-society dialogue? To better understand the 

underlying dynamics of citizens’ perceptions, we studied four different perspectives on the 

relationship between humans and science & technology, following two guiding questions: 

(1) whether humans and science & technology are part of one world, or rather seen as 

separate realms, and (2) whether, in innovations and development of science & technology, 

humans are seen as more dominant, or whether science & technology are seen as more 

dominant. Based on these two questions we argued that four archetypical views (see Figure 

5.1) can be distinguished that play an important role in the assessment of emerging 

technologies, such as synthetic biology. In short, the views of synthetic biology can be 

described as (1) instrumentalist, (2) determinist, (3) creative design, and (4) adaptivist. 

Contrary to what some argue, our focus groups suggest that citizens were very well 

capable of discussing such a complex topic. We found that although all archetypical 

perspectives were present in the focus groups, the majority of the citizens reasoned within 

a dominant determinist or instrumentalist framework, which is in contrast with the STS 

consensus of co-production (which holds that science, technology, and society are 
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developed in a process of mutual shaping, see also the introduction of this thesis). We argue 

that attention should be paid to this discrepancy. Our results further support the idea that 

problematizing science and technology is part of a natural sense-making process, and not 

necessarily or directly connected to an overall ‘negative’ appraisal of a certain scientific or 

technological development. Citizens did not express totalizing viewpoints, even when they 

voiced strong concerns or brought up many opportunities. Since a lot of scholarly outreach 

from biotechnology is based on this binary view of the publics’ opinion, this last insight is 

especially pertinent. For these reasons, we argue that it is important to put dynamics of 

framing upfront when designing or facilitating deliberation.  

Both studies emphasize the complexities around learning and sense making, and their 

influence on deliberation or innovation, rather than providing straightforward answers that 

could immediately be used to organize, for instance, a public dialogue. The main 

conclusion from the first part of this research project was thus to focus more on unravelling 

of the dynamics of meaning making, with a specific focus on the unknown futures of 

synthetic biology.  

Part 2 – Experiments with future making 

In order to learn more about meaning making with regard to futures of synthetic biology, 

we organized ‘experiments with future making’ in part 2. This part of the thesis research 

entailed three studies: (3) exploring moral reflection of synthetic biology students, (4) 

understanding reflexivity in a multi-stakeholder dialogue process, and (5) evaluating 

reflexive modes of future making.  

For our third study, we designed and guided seven real-time technology assessment 

(TA) activities with student teams participating in a large international students’ 

competition on synthetic biology. In these real-time TAs the students deployed scenario 

work, the constructing of application scenarios and techno-moral vignettes, in addition to 

working on their technological innovation. It was our aim to unravel if, and, if so, in what 

ways the scenario work contributed to – what can be called – RRI practices.  

Based on our observations of, and the interviews we held with the participating teams, we 

found that the scenario work had a positive impact on all dimensions of RRI. Students 
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described situations that indicated how the activities they undertook as part of the scenario 

work influenced their perceptions of the field of synthetic biology in general and/or their 

project in particular. As described in chapter 6, we distilled two ways as to how the scenario 

work contributed to RRI, as it occurred in this project. First, the direct link of the scenario 

work to the students’ own project was important because they had more pleasure in doing 

it as they saw more added value in comparison to other (previously experienced) work into 

social dimensions of technology development. Second, the scenario work provided 

structure and coherence by asking questions and demanding writing down the scenarios, 

which was seen to be important for both the experienced added value as well as for the 

anticipatory process of tacking back and forth between the innovation and the outer 

world.   

In comparing our findings to the conceptualizations of the four dimensions of RRI (see e.g. 

chapter 2) we found that the scenario work enhanced many elements in all dimensions, but 

also that some elements were not or hardly enhanced in this specific context.  Most 

importantly, as a cross-dimensional element in the conceptualization, there was little effect 

with regard to being able to scrutinize underlying social system dynamics, value systems, 

expectations and promises, and dynamics of power and governance. The scenario work 

turned out to be a much-appreciated method in shaping collaboration and experimentation 

‘beyond the bench’. This study therefore suggests that scenario work can be a valuable 

method to enrich (collaborative) RRI practices. 

For our fourth study, we designed and facilitated a two-day multi-stakeholder 

dialogue on the role of synthetic biology in the energy transition. As described in chapter 

7, the dialogue deployed a playful, creative methodology with a focus on the needs and 

ideas of the stakeholders that were invited to take part. We found that it remains difficult to 

facilitate and evaluate reflexivity. Based on two rounds of interviews we held with the 

participants, before and after the dialogue, we argue that participants became more aware 

of the diversity of perspectives on the future of synthetic biology, as well as that they 

acknowledged the limits of technological knowledge, but we found that our dialogue 

session did not enhance the component of reflexivity that entails the ability to challenge 

one’s own assumptions.  
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Our study provides several leads with regard to the design of a dialogue of which the 

element of playfulness was the most prominent in participants’ reflections. The overall 

experience of the dialogue as fun, creative and entertaining seemed to have worked in 

favor of reflexivity and the effect of the dialogue in general. Participants noted that it kept 

them more engaged, that they enjoyed collaborations more, and that they remembered 

elements of the dialogue better.  

In looking at future dialogues from our learning experience we argue that it is important 

to actively design for specific purposes (such as frame reflection) and to approach the 

multi-stakeholder dialogue as a longer-term learning process. The latter entails that the 

dialogue process should start prior to the actual dialogue event with investigating the ideas 

and wishes of participants. We also argue that follow-up is not only important for 

evaluative purposes but that looking back at a dialogue is part of the learning process as 

well.  

In the fifth study (chapter 8), we analyzed and compared the experiments from studies 

three and four, as well as another dialogue session that was held in tandem with our 

dialogue. This dialogue focused on the potential role of synthetic biology for the issues 

around antibiotics resistance. In this study we aimed to understand what the potential role 

of future-making exercises might be in our aim for RRI of synthetic biology. We argue 

that these exercises could be regarded as reflexive modes of future making that can be of 

benefit for the creation of joint spaces of reflection in which (1) societal needs and 

opportunities to innovation are carefully examined, as well as (2) the ways in which these 

needs and opportunities mutually shape each other are identified.  

Part 3 – Re-imaging the public sphere 

Following from the first two parts of our research project, we signaled the need to further 

investigate the conditions for meaningful deliberation in the real world in the third part of 

this thesis: ‘re-imagining the public sphere’. Taking on our conceptual perspective of the 

public sphere, we welcomed the opportunity to unravel meaning making practices in the 

context of “Trust Me I’m An Artist” (TMIAA), an art-science initiative exploring the ethics 

of bioart and emerging biotechnologies. The sixth study of this project therefore aimed to 

explore meaning-making practices for emerging biotechnologies. In this project we 
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observed several performances that were part of TMIAA and conducted interviews with 

artists, ethicists, curators and scientists to unravel in what ways meaning making takes 

place. We used concepts from theories of emotion, moral imagination, re-

conceptualization, and boundary work to make sense of the meaning-making practices. 

We found several leads as to how the performances in TMIAA evoked and nurtured 

emotional and moral deliberation. For instance, by concurrently feeling emotions that are 

seemingly distinct, a mental issue was created that needed attention and deliberation. With 

regard to re-conceptualization and boundary work we found that participants of TMIAA 

all engage in boundary work to protect their identities or cross boundaries. Also, the 

performances brought about reconsideration and subversion of conventional categories 

such as autonomy, choice, and coercion; health and disease, etc. Our findings suggest that 

bioart initiatives like TMIAA can play an important role in how we give meaning to 

emerging biotechnologies, and could therefore also play a role in deliberative practices – 

especially considering the aim to broaden the deliberative space.  

Conclusions 

Introducing different modes of future making, such as the construction of scenarios and 

imaginaries, evokes a learning process and enhances reflexivity. Our results demonstrate 

the benefits of making reflection exercises a core component. Shifting the focus of 

deliberation from an emphasis on technological opportunities and concerns to a focus on 

the underlying values and perspectives contributed to opening up trajectories for the future 

of synthetic biology. Especially in the context of synthetic biology, a field in which stakes 

are high, this shift may be essential to develop synthetic biology robustly and in the publics’ 

interest.  

Our results describe rather small-scale and short-term experiments and observations. The 

next step is therefor to investigate opportunities for scaling up and sustaining reflection by 

exploring (new) ways to make reflection an ongoing activity of all stakeholders involved or 

affected by developments of synthetic biology.  

Communication on synthetic biology is hampered by misconceptions and pre-assumptions 

of the other’s viewpoints. Our results underscore the importance of unravelling dynamics 
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of meaning making and show that it is possible to design and facilitate meaning making 

processes in the public sphere. 

Essential points of discussion 

Our study suggests a distance between the STS perspective of mutual shaping of science, 

technology and society, and the perspective that many citizens, scientists, and others have 

of these relationships. We argue that there is insufficient attention for the actual 

distribution of the different frames of reasoning in the public sphere, and that the distance 

between and distribution of frames deserve explicit attention. In order to better incorporate 

STS insights into science and technology, dynamics of mutual shaping should be 

emphasized in the curricula and other educational practices across disciplines.  

In light of the different perspectives on the presumed nature of relationships between 

science, technology and society, it might not be surprising that misunderstandings of ‘the 

other’s’ opinion prevail. We saw that deficit understandings of the public are dominant in 

many efforts of (young) scientists to ‘bridge the gap’. The reason for this might be that 

science communication is still presented and/or perceived as a didactic enterprise, which, 

since this only makes sense if there is something to teach, might sustain the deficit model. 

Another type of misunderstanding concerns the persistence of public acceptability as the 

main issue of synthetic biology. Our personal experience throughout the different studies 

supports this persistence, even though we also provided evidence that refutes the idea of a 

public being afraid and (thus) against synthetic biology as a whole. The synthetic biology 

community shows to be very engaged, which is in itself valuable, but, if this engagement is 

built on misunderstandings (“synbiophobia-phobia”) of the public’s perspectives of 

synthetic biology, engagement fails to meet the expectations or intentions. Both types of 

misunderstanding require attention. With regard to the former, our suggestion would be 

to shift from a ‘science communication as education’ focus to a more dialogical 

understanding of communication. Considering the latter point, we take on a modest 

stance; as pointed out, these misunderstandings seem to have been around for 25 years – so 

we do not want to suggest that our study has the solution. However, if we reflect on the 

third study of this thesis in which we guided students in doing real-time TAs with scenario 

work, we can hypothesize that such a context might be fitted for making these assumptions 
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explicit. In this study, we observed increased awareness with regard to value plurality, for a 

large part because it was meaningful and specific to their project. In this sense, it could also 

be suggested that in deconstructing false assumptions, a more experience-based approach 

could be appropriate.   

Our study suggests several leads for design of deliberative practices. Even though we have 

taken on a modest stance with regard to the impact of our experiments, we argue that, 

nevertheless, multiple lessons were learned. Our findings suggest that creative design 

played an essential role in the positive effects of our experiments. Participants of both 

experiments emphasized this value in comparison to, for instance, other conferences and 

(educational) courses. Of course, we do not want to make the claim that creativity solves all 

issues. But we do argue that the design of a dialogue (just as the preparation) is of great 

importance, and that well-designed, playful, and creative elements may considerably 

enhance reflexivity, which was the dimension of RRI that we aimed to explore and 

contribute to in our MSD study.  

Suggestions for further research: a public sphere perspective 

Many scholars have emphasized a re-imagination of the public sphere towards the ideal 

space and form for public deliberation. In using the insights from our research, we wish to 

express at least three thoughts. First, we argue that more research is needed that aims to 

understand the complex tension between stimulating on the one hand individual 

deliberation and empowerment, and on the other hand communal engagement and social 

movement. Second, with respect to emerging technologies such as synthetic biology, we 

would like to raise a point with regard to social division and real access. As this thesis was 

carried out within a framework of RRI, it is also important to reflect on our own role in 

the facilitation of inclusion. If we take on a deliberative stance in looking at the public 

sphere, this means that the contradiction between the ideal open space and its actual 

accessibility requires our full attention. A third and last consideration we would like to 

express, concerns the broadening of discursive areas. Many (feminist) scholars have re-

thought the distinction between what is public and what is private, and we argue that 

especially in the context of emerging technologies it is essential to reconsider these 

boundaries between public and private (or privatized). In other words, if there is one 
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common sphere, it is essentially not everyone’s sphere. Considering the above, as well as 

the complex context of emerging technologies, our rapidly changing communication 

infrastructures (e.g. the rise of the Internet), and the differences in meaning-making 

processes, the right way to broaden the discursive space might be in connecting separate 

public spheres, rather than to create one ideal sphere. 

  



 

 

  


