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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 



Chapter _S 

 252 

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.  



Chapter _S 

 256 

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. 

  


