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PhD Thesis

Science and technology may be an important source of 
progress, but also of problems and conflicts. How can we ensure 
that technology does what society needs or finds valuable, 
whilst preventing problems? In other words: how can 
technology and society be aligned? For over half a century, 
technology assessment has been a governance instrument 
aiming to foster such alignment. 
One of the emerging technologies that currently warrants 
attention is the rapidly evolving field of synthetic biology. On the 
one hand, synthetic biology may play a valuable role in 
addressing societal challenges. On the other, the developments 
are not without risks and raise complex ethical and societal 
questions. 
So, how can the alignment between synthetic biology and 
society be fostered? This question is at the heart of this PhD 
thesis. In order to answer this question, the development of 
technology assessment is examined, followed by an analysis of 
the emerging international debate on synthetic biology. 
Furthermore, this question is answered through reflection on the 
author’s experiences at the Rathenau Instituut, the Dutch office 
for technology assessment and science system assessment. 
Here, interventions were undertaken regarding synthetic 
biology, informed by novel approaches and concepts in 
technology assessment. 
The results of the interventions point toward opportunities for 
technology assessment that may inspire the concerted and 
continuous effort that is ultimately needed to align society and 
synthetic biology – or for that matter, any technology. 

SH
A

P
IN

G
 TH

E
 U

N
K

N
O

W
N

                                   V
irg

il R
erim

assie

SHAPING THE UNKNOWN
NEW DEVELOPMENTS IN TECHNOLOGY ASSESSMENT TO ALIGN  

SYNTHETIC BIOLOGY AND SOCIETY

Virgil Rerimassie

Department of Industrial Engineering  
& Innovation Sciences





Shaping the unknown

New developments in technology assessment to align  
synthetic biology and society

Virgil Rerimassie



This thesis is the result of a collaboration between the Rathenau Instituut and Eindhoven University 
of Technology (Technology, Innovation & Society group, Department of industrial Engineering & 
Innovation Sciences). It was published and printed with support from the Rathenau Instituut and 
the Department of Industrial Engineering & Innovation Sciences.

Part of this research was carried out within the projects ‘Global Ethics in Science and Society’ (GEST) 
and ‘SYNENERGENE’, which were both funded under the 7th Framework Programme of the European 
Union.

ISBN: 978-94-6469-515-1

Omslagafbeelding: Gestolde beweging XXIV, Serie TIMA, Ingrid Geesink |www.geesinki.com
Lay-out and printing: ProefschriftMaken | www.proefschriftmaken.nl 

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License 
(2023).



Shaping the unknown

New developments in technology assessment to align  
synthetic biology and society

PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de Technische Universiteit Eindhoven, op 
gezag van de rector magnificus prof.dr. S.K. Lenaerts,

voor een commissie aangewezen door het College voor Promoties, in het openbaar te 
verdedigen op vrijdag 15 september 2023 om 13:30 uur

door

Virgil Germaine Rerimassie

geboren te Geleen



Dit proefschrift is goedgekeurd door de promotoren en de samenstelling van de promo-
tiecommissie is als volgt: 

Voorzitter: prof.dr. I.E.J. Heynderickx 

1e promotor: prof.dr.ir. Q.C. van Est
2e promotor: prof.dr.ir. G.P.J. Verbong

Leden: prof.dr.ir. E.B.A. van der Vleuten 
prof.dr.ir. W.E. Bijker (Universiteit Maastricht)
dr. L. Krabbenborg (Radboud Universiteit)
prof.dr. L.K. Hessels (Universiteit Leiden)

Het onderzoek of ontwerp dat in dit proefschrift wordt beschreven is uitgevoerd in over-
eenstemming met de TU/e Gedragscode Wetenschapsbeoefening.



Droids are not good or bad 
They are neutral reflections of those who imprint them

Kuill – The Mandalorian, Chapter 7





Contents

Account 13

Chapter 1 – Introduction 15
1. Technology and society 17
2. Synthetic biology and society 17

2.1 The emergence of synthetic biology 17
2.2 Applications of synthetic biology 20
2.3 Recurring issues regarding synthetic biology 22

3. Aligning technology and society: the role of technology assessment 23
4. Aim and research question 24
5. Research design 25
6. Methodological approach 26

6.1 Technology assessment and responsible research and innovation in 
action

27

6.2 The role of iGEM 29
6.3 Data collection 29
6.4 Data analysis 30

7. Thesis outline 30
7.2 Part I: Conceptual-historical and contextual background 30
7.3 Part II: Examining interventions to foster alignment between synthetic 

biology and society undertaken by the Rathenau Instituut
32

Part I - Conceptual-historical and contextual background 37

Chapter 2 – The historical and conceptual development of technology 
assessment in the Netherlands

39

1. Introduction 41
2. Research strategy and theoretical framework 42

2.1 Research strategy 42
2.2 Theoretical framework: multiple streams 43

3. The development of technology assessment in the Netherlands 47
4. First wave: the emergence of technology assessment 48

4.1 The origin of technology assessment in the United States 48
4.2 The spread and diversification of technology assessment 51
4.3 The emergence of technology assessment in the Netherlands 54



5. Second wave: broadening the scope of technology assessment 58
5.1 The emergence of participatory technology assessment in the 

Netherlands
61

5.2 The emergence of (bio-)ethics advisory councils and ELSA in the 
Netherlands

66

6. Third wave: upstream engagement, constructive technology assessment 
and responsible research and innovation

70

6.1 Constructive technology assessment and upstream public 
engagement in the Netherlands

72

6.2 The emergence of responsible research and innovation in the 
Netherlands

82

7. Conclusion 90
7.1 Three waves of TA in the Netherlands 91
7.2 Characteristics of contemporary TA 93
7.3 Outlook 96

Chapter 3 – Discourses on synthetic biology in Europe, India and China 99
1. Introduction 101
2. Understanding synthetic biology 102
3. Framing of synthetic biology as an emerging and converging technology 104
4. The development of synthetic biology in the three regions: the state of 

the art
105

5. Comparing discourses on synthetic biology in the three regions 106
5.1 Discourses on innovation 106
5.2 Discourses on risk 109
5.3 Discourses on power and control 110
5.4 Synthetic biology and lay morality 111
5.5 Synthetic biology and reflective ethics 112

6. Conclusion and discussion: governance challenges 114

Part Ii - Examining interventions to foster alignment between synthetic 
biology and society undertaken by the Rathenau Instituut

119

Chapter 4 – Early engagement with synthetic biology in the Netherlands – 
initiatives by the Rathenau Instituut

121

1. Introduction 123
2. Context of engagement activities 124

2.1 The state-of-the-art of synthetic biology 124
2.2 The institutional position of the Rathenau Instituut 124

3. Informing and engaging in different social spheres 125



4. Informing and engaging in the political sphere 127
4.1 Early informing activities 127
4.2 Looking for novel approaches to facilitate political engagement 128
4.3 Informing policy-makers 130

5. Informing and engaging in the societal sphere 131
5.1 Trying to inform the general public 131
5.2 Mobilizing civil society 131

6. Informing and engaging in the science and technology sphere 132
6.1 Informing synthetic biologists 132
6.2 iGEM as a responsible research and innovation laboratory 133

7. Conclusion and outlook 134

Chapter 5 – Exploring political views on synthetic biology in the Netherlands 137
1. Introduction 139
2. Efforts of the Rathenau Instituut to foster political opinion-making on 

synthetic biology
141

2.1 Role and position of the Rathenau Instituut 141
3. Engaging with synthetic biology 142
4. Looking for novel approaches to facilitate political engagement 143

4.1 The role of iGEM 144
4.2 Reaching out to political youth organizations 144

5. Organizing the Meeting of Young Minds 146
5.1 Preparation and capacity-building 146
5.2 Organization of the event 147

6. Mapping the Meeting of Young Minds 148
6.1 Innovation discourse 149
6.2 Risk discourse 152
6.3 Ethics discourse 155
6.4 Power and control discourse 158
6.5 Comparing PYOs with their affiliated parties 162

7. Discussion 164
8. Conclusion 164

Chapter 6 – Constructing future scenarios as a tool to foster responsible 
research and innovation among future synthetic biologists

169

1. Introduction 171
2. RRI in the context of synthetic biology 173
3. Imagining the future with application scenarios and techno-moral vignettes 175



4. Research strategy and analytical concepts 176
4.1 Conceptual framework 176
4.2 Data collection and analysis 177

5. How did the scenario work contribute to RRI practices according to iGEM 
students?

179

5.1 The scenarios developed by the iGEM teams 179
5.2 Anticipation 180
5.3 Inclusion 181
5.4 Reflexivity: moral awareness 183
5.5 Responsiveness 184
5.6 Other lessons learned 185

6. Conclusion and discussion 186
6.1 Contribution of scenario work to the practice and conceptualization 

of RRI
187

6.2 Limitations of this study 189
6.3 Looking ahead 189

Chapter 7 – Future making and responsible governance of innovation in 
synthetic biology

193

1. Making SynBio futures 195
2. A technological options oriented approach to RRI – IGEM as laboratory 197

2.1 Scenarios as modes of future making 198
2.2 RRI tools for the job 200

3. Real-time TA in action 201
3.1 Engineering a pathogen-hunting microbe 201
3.2 Engineering dye-sensitized solar cells 202
3.3 What did the teams achieve in terms of RRI? 202

4. A societal objectives-oriented approach to RRI – two multi-stakeholder 
dialogues

203

4.1 The challenge of antibiotic resistance and the role of synthetic biology 204
4.1.1 Analysis: mutual learning through a process of funneling 207
4.1.2 Implications for future synthetic biology innovation 208
4.1.3 What did we achieve in terms of RRI? 209

4.2 The challenge of renewable energy and the role of synthetic biology 210
4.2.1 Analysis: mutual learning in terms of reflexive awareness 211
4.2.2 What did we achieve in terms of RRI? 212

5. Conclusion 213
Appendix to chapter 7 – Future scenarios 215



Chapter 8 – Conclusions 221
1. Introduction 223
2. Identifying the role of technology assessment in aligning synthetic biology 

and society
224

2.1 Fostering the alignment between technology and society through 
early engagement in different social spheres

225

2.2 The need for aligning synthetic biology and society 227
2.3 Directions for technology assessment regarding synthetic biology 228

3. Seeking to foster the alignment of synthetic biology and society: 
technology assessment interventions by the Rathenau Instituut

230

3.1 Aligning synthetic biology and society through early engagement in 
the political sphere

232

3.2 Reflection 233
3.3 Aligning synthetic biology and society through early engagement in 

the science & technology sphere
236

3.4 Reflection 239
3.5 Aligning synthetic biology and society through early engagement in 

the societal sphere
240

3.6 Reflection 242
4. Towards an integrated approach in early TA engagement with science, 

technology and innovation
244

4.1 The role of TA and RRI practitioners 245
4.2 The role of governments 246

5. Outlook: opportunities and challenges in aligning synthetic biology and 
society

247

6. Overarching reflections 249
7. Recommendations and suggestions for further research 252

References 257
Samenvatting 279
Summary 292
Dankwoord 305
Biography 309





13

Account

Chapters 3 to 7 are based on (co-authored) articles and book chapters that have been 
previously published.

Chapter 3
Rerimassie, V., Stemerding, D., Zhang, W., & Srinivas, K. R. (2015). Discourses on Synthetic 
Biology in Europe, India and China. In: M. Ladikas, S. Chaturvedi, Y. Zhao, & D. Stemerding, 
D. (Eds.), Science and Technology Governance and Ethics (pp. 145–163). Springer Interna-
tional Publishing, Cham. https://doi.org/10.1007/978-3-319-14693-5_11. 

Chapter 4
Rerimassie, V. (2016a). Early Engagement with Synthetic Biology in the Netherlands—Ini-
tiatives by the Rathenau Instituut. In: K. Hagen, M. Engelhard & G. Toepfer (Eds.), Am-
bivalences of Creating Life. Societal and philosophical dimensions of synthetic Biology (pp. 
199–213). Springer, Berlin. https://doi.org/10.1007/978-3-319-21088-9_10. 

Chapter 5
Rerimassie, V. (2016b). Exploring Political Views on Synthetic Biology in the Netherlands. 
NanoEthics, 10(3), 289–308. https://doi.org/10.1007/s11569-016-0257-2. 

Chapter 6
Betten*, A. W., Rerimassie*, V. (* = contributed equally), Broerse, J. E. W., Stemerding, D., 
& Kupper, F. (2018). Constructing future scenarios as a tool to foster responsible research 
and innovation among future synthetic biologists. Life Sciences, Society and Policy, 14(1), 
1–20. https://doi.org/10.1186/s40504-018-0082-1. 

Chapter 7
Stemerding, D., Betten, W., Rerimassie, V., Robaey, Z., & Kupper, F. (2019). Future making 
and responsible governance of innovation in synthetic biology. Futures, 109(November 
2018), 213–226. https://doi.org/10.1016/j.futures.2018.11.005. 





Chapter 1
Introduction





1

INTRODUCTION

17

1. Technology and society

The relationship between technology and society is complex. According to Wiebe Bijker 
we “live in a technological culture” and understanding Western culture without consider-
ing the role of science and technology is hardly possible (Bijker, 2001, p.20). On the one 
hand, science and technology have been a source of progress, on the other hand, a source 
of problems and conflicts (Swierstra & Rip, 2007). In addition, research in science and 
technology studies (STS) and philosophy of science has demonstrated that technologies 
and technological artefacts are in fact, value-laden and have politics (Bijker, 2010; Ver-
beek, 2006; Winner, 1980). The complex dynamics in the relationship of technology and 
society raise various difficult challenges for society: how can we ensure that technology 
does what society needs? And how do we prevent problems and conflict? And, if technol-
ogy indeed has politics, how can we democratize technological development?

2. Synthetic biology and society

2.1 The emergence of synthetic biology
For over half a century, such challenges emerged around developments in biotechnology 
and genetic modification and certainly not without controversy (e.g. Bauer & Gaskell, 
2002; Coles et al., 2015). In the early 1970s recombinant DNA technology (rDNA) was 
developed, which enabled the creation of novel genomes by bringing DNA from different 
sources together. This technology represented a radical departure from previously avail-
able (rather crude) techniques for changing the genetic make-up of an organism, which 
for instance relied on random mutation and selection. rDNA technology offered significant 
advantages over such prior techniques: for the first time, it became possible to specifi-
cally modify an organism in a predetermined manner, henceforth opening the door for 
what is now known as genetic engineering. rDNA technology allowed for several societally 
beneficial applications, such as the production of insulin through modified E. coli. but at 
the same time it became clear that potential hazards could also arise (Berg et al., 1975). 
Ever since the development of rDNA technology, further advances in genetic engineering 
were pursued. 

Over the course of this development, genetic engineering has become increasingly 
cheaper, more precise and, as a result, is ever more widely applied and is allowing more 
radical modifications of organisms (COGEM & Gezondheidsraad, 2016, 2023). At the start 
of the 21st century, synthetic biology emerged as an important new step in the develop-
ment of genetic engineering. Synthetic biologists strive to gain more and more control 
over the fundamental building blocks of life. This control enables them to ‘design’ and 
‘create’ (micro)organisms that may perform a wide variety of useful functions, but at the 
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same time become increasingly isolated from organisms we know in nature (Rerimassie, 
Stemerding, Zhang & Srinivas, 2015). In other words, synthetic biologists may develop 
organisms that are currently still unknown. Synthetic biology is defined in different ways, 
but an important recurring element is that it is viewed as a field of scientific research that 
applies engineering and computation principles to living organisms and biological systems 
in order to rationally design them. (e.g. Benner & Sismour, 2005; Endy, 2005; Hanczyc, 
2020; Way et al., 2014). Given their functionality such (re)designed organisms could play 
a potentially valuable role in finding solutions for important societal challenges such as in 
the domains of health, climate and sustainability. 

At the same time, synthetic biology also raises concerns. Synthetic biology could, for 
example, be harnessed to engineer dangerous organisms, which could be proliferated 
(Gómez-Tatay & Hernández-Andreu, 2019; Trump et al., 2021). In 2005, the Spanish in-
fluenza virus was “reconstructed” using synthetic biology (Tumpey, 2005). Seven years 
later the international debate on potential biosecurity concerns of synthetic biology 
intensified due to research on the transmissibility of a mutated H5N1 influenza virus in 
mammals (Herfst et al., 2012), which could be replicated following a similar approach 
of the recreated Spanish influenza virus (Gómez-Tatay & Hernández-Andreu, 2019). In 
2017, a Canadian research group succeeded in recreating the extinct horsepox virus “for 
$100.000 using mail-order DNA” (Kupferschmidt, 2017). In light of these developments, 
the National Academy of Sciences of the United States concluded that: “building the 
genome of virtually any virus – either in the form of the genome itself for a DNA virus 
or (…) an RNA virus that can be transcribed into the viral genome – is now possible” 
(2018, p.39). All of the aforementioned examples of research were conducted to address 
societal challenges, i.c. to contribute to public health, through vaccine development and 
preparedness for pandemics. At the same time, they illustrate that synthetic biology is not 
without risks, since engineered organisms could be weaponized.

Concerns relating to biosecurity are an important domain of issues raised in the context of 
synthetic biology. In section 1.2.3., I will briefly elaborate on other recurring issues associ-
ated with synthetic biology. In order to gain a better understanding of the current state-
of-the-art of the field, I will first elaborate on three examples of contemporary approaches 
and developments in synthetic biology. First, Klaas Hellingwerf and colleagues are using 
synthetic biology to “make designer microbes” (Angermayr et al., 2014, p.1). His team and 
company is redesigning cyanobacteria for the sustainable production of biofuels and lactic 
acid (which is employed in the food and pharmaceutical industries and as a building block 
for bioplastics) from CO2 and sunlight (ibid.; Savakis & Hellingwerf, 2015). Contrary to 
other microorganisms, types of cyanobacteria (and algae) do not require organic nutrients 
(such as eatable parts of plants) and therefore (at least in part) do not compete with 
food production (cf. De Hoop et al., 2016). Hellingwerf’s work is an example of metabolic 
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engineering1, an important field of application of synthetic biology. According to Xu and 
colleagues, previous approaches in metabolic engineering were time-consuming, inef-
ficient and costly. They note that “with the development of synthetic biology, a wealth of 
new tools and strategies have been developed to accelerate the ‘design-build-test’ cycle 
of metabolic engineering” (Xu et al., 2020, p.1). 

Other researchers are pursuing different approaches. Craig Venter and colleagues are 
trying to construct a ‘minimal cell’ – a multifunctional chassis cell that can be tailored for 
specific industrial applications. They have reached several milestones in this endeavor. In 
2010 The J. Craig Venter Institute (JCVI) constructed the first cell with a synthetic genome 
(using synthesized DNA, rather than extracted from another organism): Mycoplasma 
mycoides JCVI-syn1.0, which was nearly identical to the wild-type Mycoplasma mycoides 
subspecies capri, but with added watermarks to identify that it was manmade. Building 
on this work, in 2016 the researchers constructed a bacterial cell, dubbed JCVI-syn3.0, 
that encoded only 473 genes and had the smallest genome of any known cell capable of 
growth. However, the cell did not demonstrate normal cell division. After several follow-up 
experiments, in March 2021 scientists from the JCVI, Massachusetts Institute of Technol-
ogy (MIT), and National Institute of Standards and Technology announced that they had 
identified 7 additional genes that would allow the cell to divide, resulting in JCVI-syn3A 
(J. Craig Venter Institute, 2021; Pelletier et al., 2021). These developments illustrate that 
Venter and colleagues are making notable progress in the development of a minimal cell. 

Lastly, when discussing the emergence of synthetic biology, the international Genetically 
Engineered Machine (iGEM) is of importance – particularly in the context of this thesis. 
iGEM’s biggest program is the iGEM competition, a synthetic biology design competition 
for students. It started in 2004 as a summer competition at MIT with 5 teams, but has 
grown into an international competition. Over 50.000 alumni have participated in iGEM 
via ca. 3.000 teams from all over the globe since its inception (Jainarayanan et al., 2021). 
In spite of having modest resources and budgets, the teams are able to redesign (micro-)
organisms that can fulfil useful societal functions (iGEM, n.d.-a). An important enabler, is 
the so-called ‘Registry for Standardized Biological Parts’: “a growing collection of genetic 
parts that can be mixed and matched to build synthetic biology devices and systems” 
(iGEM, n.d.-c). iGEM describes the rationale of the open-source database as: “part of the 
synthetic biology community's efforts to make biology easier to engineer. (…) Teams and 
other researchers are encouraged to submit their own biological parts to the Registry to 
help this resource stay current and grow year to year” (ibid.). By now, over 20.000 genetic 
parts are documented (ibid.) and more generally speaking, iGEM is seen as a catalyst in 

1 An often cited definition of metabolic engineering is: “the improvement of cellular activities by manipulation of 
enzymatic, transport, and regulatory functions of the cell with the use of recombinant DNA technology” (Bailey, 
1991).
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furthering synthetic biology. To quote Jainarayanan and colleagues, iGEM “has catalyzed 
the infusion of synthetic biology with interdisciplinary fundamental and translational 
research, as well as with inspired young scientists” (2021, p.1599).

The aforementioned examples give an impression of the current state-of-the-art in syn-
thetic biology. They illustrate that synthetic biology is still predominantly in an experimen-
tal stage, but also that the field is increasingly gaining interest and different approaches 
are being pursued.2

2.2 Applications of synthetic biology
Notwithstanding the use of different approaches, – next to wanting to understand the 
fundamental building blocks of life3 – synthetic biologists seem to have in common that 
they envisage societally relevant applications. In their review article, Way et al. (2014) 
note that “scientists working in the field address a spectrum of urgent, real-world issues” 
(2014, p.151), referring to aspirations such as: biofuel production from photosynthetic 
systems to address the problems of global warming and energy self-sufficiency, complex 
engineered proteins or cells to treat cancer and autoimmune diseases, as well as synthetic 
biology’s potential role in combatting food shortages (ibid.). The claims that are made 
by synthetic biologists are occasionally bold. Voigt for instance, states that “synthetic 
biology will transform how we grow food, what we eat, and where we source materials 
and medicines” (Voigt, 2020). What will hold true from these claims, still remains to be 
seen. Meanwhile, products made through synthetic biology are becoming more and more 
available (ibid.). Rather than attempting to provide a representative overview of current 
applications or products, I will zoom in on two examples that illustrate the contemporary 
dynamics of synthetic biology and society. 

First of all, ‘burgers that bleed’, by the company Impossible Foods. This company Impos-
sible Foods recognized that blood, specifically the iron-containing heme, is important for 
the taste and experience of eating a hamburger. Some plant roots “bleed” when cut. The 
yeast Pichia pastoris was engineered, using synthetic biology approaches, to produce soy 
leghemoglobin, which improves meaty flavors and aromas when added to a plant-based 
burger (ibid.). The company could harvest soy roots, but resorts to the genetically engi-
neered yeast to obtain the quantities needed (Piper, 2019). Compared to a traditional beef 
patty, the Impossible Burger requires 96% less land and emits 89% fewer greenhouse gases 
(Voigt, 2020). By the end of 2020, worldwide, the products could be bought in over 30.000 
restaurants and 15.000 grocery stores (Ibid.). By making plant-based meat more attrac-
tive, synthetic biology can accordingly contribute to sustainability, as well as contribute to 

2 For an overview of developments in synthetic biology from 2010 until 2020, see: Meng & Ellis, 2020.
3 Synthetic biologists often cite physics pioneer Richard Feynman: “what I cannot create, I do not understand” (in: 

Schmidt, 2009).
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animal welfare. At the same time, the commercialization of the burger faced critique. For 
example, the ETC group, an NGO based in Canada that has been very outspoken against 
synthetic biology (ETC Group, n.d.), and Friends of the Earth, similarly vocal against the 
field (Friends of the Earth, n.d.) questioned the safety of the product (Piper, 2019) and the 
use of synthetic biology herein as such (ETC Group, 2017). Other food companies stressed 
that the burgers were “ultra-processed junk foods” (Piper, 2019). The latter hints towards 
a recurring issue in the emerging debate on synthetic biology (and earlier biotechnolo-
gies): the tension between naturalness and artificiality, notably in relation to sustainability 
(cf. Swierstra et al., 2009; Zwart et al., 2015). For some, applications and products made 
through genetic engineering, including synthetic biology, are inherently at odds with the 
value of naturalness and therefore a reason to reject them (Asveld et al., 2019). 

In the case of the Impossible Burger, this tension did not prevent commercialization 
of the synthetic biology innovation. In the next example, it did. The case concerns the 
Belgian company Ecover – dedicated to the development of natural and sustainable 
cleaning products – and the synthetic biology company Solazyme. Ecover (and daughter 
company Method) considered the use of oil derived from algae, genetically engineered 
using synthetic biology tools by Solazyme. Ecover and Solazyme considered oil produced 
by the engineered algae to be more sustainable than alternatives such as palm kernel 
oil. This assessment was based on the fact that sugar cane, the feedstock for algae oil, is 
supposed to have a lower environmental footprint than palm oil, which is an important 
cause of deforestation of tropical rain forests (particularly when considering possible fu-
ture improvements of the production process) (Asveld & Stemerding, 2017). Even though 
this innovation was deemed sustainable by Solazyme and Ecover, they were met with an 
unexpected critical societal response (Ibid.). For instance, in 2014, the aforementioned 
ETC Group, Friends of the Earth and a number of other NGOs launched a petition called 
‘Synthetic biology is not natural. Keep extreme genetic engineering out of ‘natural’ prod-
ucts’. It stated:

“The synthetic biology-derived oil that Method and Ecover are supporting is far from 
‘natural’. It is from highly novel bioengineered algae made in labs using synthetic DNA” (ETC 
Group et al., 2014).

Indeed, the concept of naturalness plays a fundamental role in the NGOs’ critique on 
Ecover, but if we continue to read the petition, we find other types of concerns relating to 
biodiversity and social justice: 

“The commercial use of synthetic biology poses significant threats to the earth’s biodiversity, 
could speed rainforest destruction by increasing demand for sugar, and harm sustainable 
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farmers and poor communities across the world whose cultures and income depend on 
farming truly natural commodities such as coconut oil” (ibid.).

Several consumers and companies sympathized with the petition, and subsequently, 
Ecover abandoned the innovation (Asveld & Stemerding, 2017).

2.3 Recurring issues regarding synthetic biology
The two aforementioned examples highlight a plethora of issues that have risen in the 
public debate on synthetic biology. On the one hand, synthetic biology is expected by 
some to play an important role in addressing important societal challenges, ranging from 
health to sustainability. On the other hand, concerns emerged as well, such as concern-
ing societal justice (who is benefitting from this innovation and whose livelihoods are 
threatened?) and biodiversity. Other important topics are potential risks. Distinction is 
often made between biosafety risks and biosecurity risks. Biosafety concerns relate to the 
dangers for workers and the environment that could result from unintended, accidental 
interactions with pathogenic biological agents (‘keeping bad bugs from the people’). 
Biosecurity risks refer to the potential misuses of synthetic biology, such as bioterrorism 
and biowarfare, through the development of novel pathogens (‘keeping bad people from 
the bugs’) (Gómez-Tatay & Hernández-Andreu, 2019; Schmidt et al., 2009). Given that 
developments in synthetic biology are enabling that genetic engineering is becoming ever 
more easy, cheap and precise, attention for such issues is justified. Next to concerns about 
risks, synthetic biology also gives rise to broader ethical issues relating to the nature of 
synthetic biology. In this context, Schmidt et al. noted that “the aim to design and create 
new forms of life raises per se certain ethical questions related to the relationship between 
humans and other living organisms and the moral status of the products of synthetic biol-
ogy” (Schmidt et al., 2009, p.5). Similarly, given the fact that synthetic biology is allowing 
mankind to ‘put life on the drawing board in an unprecedented manner’, the question to 
what extent mankind is ‘playing God’ – and whether this should be allowed – has become 
an important topic in the public debate on synthetic biology (Dabrock, 2009; Kaebnick, 
2009; Van den Belt, 2009). For example, such questions emerged in the public debate 
sparked by the news that a firm that collaborates with Harvard synthetic biologist George 
Church raised fifteen million dollars to recreate woolly mammoths using synthetic biology 
techniques. One of their first goals is to create an elephant-mammoth hybrid and the 
involved scientists expect first calves in six years (Sample, 2021).
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3.  Aligning technology and society: the role of technology 
assessment

As mentioned at the start of the introduction, the complex dynamics in the relationship of 
technology and society raise various difficult challenges for society, such as: how can we 
ensure that technology does what society needs? How do we deal with risks and ethical 
issues? How do we prevent problems, tensions and conflict? And, if technology indeed 
has politics, how can we democratize technological development? Navigating through 
these opportunities, issues and tensions as a society, resonates with what Ribeiro and 
colleagues (2018) refer to as the challenge of aligning the objectives and configurations 
of science, technology and innovation for meeting the needs of society. In his response to 
the article of Ribeiro et al., Nordmann refers to this challenge as: “piecing things together 
as one seeks an alignment of the various components of a complex socio-technical system 
in order to produce and maintain a more or less harmonious and effective working order” 
(Nordmann, 2018, p.333).

For over a half century, technology assessment (TA) has been a governance instrument 
aiming to facilitate such better alignment between technology and society. During this 
period, the practice, focus and methods of TA have widely diversified in the face of new 
technological developments and challenges. Simultaneously, this development was ac-
companied and fueled by a strong scholarly tradition, stemming for instance from the dis-
ciplines of political sciences, science and technology studies (STS), philosophy of science, 
philosophy of technology and (applied) ethics. In sum, the answer TA provided to the 
question how technology and society can be better aligned, developed over time – and 
still continues to develop. 

Ideas on TA were developed in the 1960s, as a result of debates on science and technology 
in the United States Congress. This ultimately culminated into the establishment of the 
Office of Technology Assessment (OTA), the first ever parliamentary TA institute. TA was 
thought of as a tool for predicting the potential impacts of technological change on soci-
ety and the environment. Moreover, TA fulfilled a demand for Congress to exercise more 
control vis-a-vis the executive branch with regard to handling issues relating to science 
and technology. From this perspective, TA should also be seen as an instrument that aims 
to increase parliamentary, and thereby democratic control of technological development 
(Vig & Paschen, 2000). Given that many European countries experienced challenges re-
garding science and technology, TA was also embraced by a number of European countries 
as well as the European Parliament in the 1980s. 

From then onwards, TA (or TA inspired practice) underwent significant evolution, in which 
practitioners attempt to better align technology and society through engagement with a 
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broad range of actors: through supporting (political) decision making, involving stakehold-
ers and laypeople through participation, as well as directly collaborating with technology 
developers. Around the turn of the century the concept of upstream engagement became 
important (e.g. Doorn et al., 2013; Wilsdon & Willis, 2004), calling for TA intervention at 
early stages of technology development. Lastly, a decade later, the approach of respon-
sible research and innovation (RRI) started to play a major role in shaping contemporary 
interventions to align technology and society (e.g. European Commission, 2013; Stilgoe et 
al., 2013; Von Schomberg & Hankins, 2019). Besides drawing from and integrating insights 
from different TA inspired approaches, RRI calls for opening up conversations about the 
purposes of technological development. In sum, ever since its emergence, TA practice has 
branched out into a vast array of different approaches. The question is: to what extend do 
such (novel) approaches succeed in bettering this alignment?

4. Aim and research question

As mentioned, synthetic biology is increasingly gaining interest from academic research-
ers, and industry has started to commercialize synthetic biology as well. On the one hand, 
synthetic biology can potentially play a valuable role in addressing societal challenges. 
On the other, I have illustrated that synthetic biology is not without risks and moreover, 
raises complex societal and ethical issues. So, how can we move forward as a society? 
How can we ensure that synthetic biology realizes societal benefits, whilst preventing 
conflicts and problems? Evidently, different groups in society will have different views on 
the acceptability of risks or on the desirability of possibilities to (re)design nature. Do we 
even need and want synthetic biology as a society? And how can we facilitate meaningful 
dialogue and decision making hereon? Indeed, given the complexity of these questions, 
alignment between synthetic biology and society is anything but given. Therefore, the aim 
of this thesis is to generate actionable knowledge that may ultimately contribute to better 
alignment between synthetic biology and society. As discussed in the previous section. TA 
may play a valuable role in this regard. Against this backdrop, I intend to explore the role 
of contemporary TA inspired approaches in fostering such alignment. The overarching 
research question I subsequently intend to answer is: 

What role can technology assessment play in fostering the alignment between 
synthetic biology and society?
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5.  Research design

The research conducted to answer this research question is organized in two steps. Part 
I of this thesis provides the conceptual-historical and contextual background. It firstly, 
examines the conceptual and historical development of technology assessment. It partic-
ularly aims to understand how the practice of TA evolved in response to changing insights 
regarding the question how technology and society can be better aligned. In order to 
understand how such changing (conceptual) insights in TA are institutionalized in practice, 
it focuses on the development of TA (or TA-inspired practice) in the Netherlands. Examin-
ing the conceptual and historical development of TA allows me to formulate a first answer 
to the research question from a theoretical point of view, combined with an institutional 
point of view (Ganzevles et al., 2014), since it gives an account of the institutionalization 
of TA in the Netherlands – in all its variety. Secondly, to provide the contextual background 
of this thesis, it discusses the emergence of synthetic biology, as well as issues and actors 
that appeared in the emerging international debate on synthetic biology. Additionally, 
it provides a global account of how several organizations internationally, engaged with 
synthetic biology early on in its development, from a TA perspective. 

After presenting the conceptual-historical and contextual background, part II zooms in 
on specific case studies of dedicated TA interventions concerning synthetic biology. One 
of the organizations that engaged with synthetic biology early on in its development is 
the Rathenau Instituut, the Dutch office for technology assessment and science system 
assessment. In 2006 the institute published ‘Constructing Life’ (De Vriend, 2006a), which 
was worldwide the first study on the societal aspects of synthetic biology. Ever since, the 
topic has been of concern of the Rathenau Instituut, which accordingly initiated several 
TA interventions regarding the field of synthetic biology. Part II of this thesis reflects on 
the TA interventions of the Rathenau Instituut concerning synthetic biology and examines 
to what extent such interventions contribute to better alignment of synthetic biology 
and society. Following the distinction of Ganzevles et al. (2014), after having mapped the 
development of TA in the Netherlands from an institutional perspective in part I, part II 
takes an organizational perspective (the organization being the Rathenau Instituut and 
the aggregate of its activities concerning synthetic biology), and lastly, a project level per-
spective (looking at distinct interventions concerning synthetic biology). It is largely based 
on my personal experiences in developing, executing and evaluating such interventions as 
a TA practitioner at the institute.

In this context it is important to note that the Rathenau Instituut has been in the forefront 
of TA practice for over 35 years, during which its approach to TA evolved under the influ-
ence of different technological, scientific, social and political developments, as well as 
scholarly insights. The field of synthetic biology gained traction around the same time 
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when approaches relating to upstream engagement, and slightly later, RRI were devel-
oped. Accordingly, synthetic biology has been an important testbed for experimenting 
with such approaches (e.g. Grunwald, 2011; Guston et al., 2014; Macnaghten et al., 2016; 
Pansera et al., 2020). The interventions of the Rathenau Instituut on synthetic biology were 
also heavily inspired by upstream engagement and RRI. Accordingly, these experiences 
offer valuable case studies to learn about such approaches, in terms of their practical 
operationalization, conceptualization and effectiveness in aligning technology and society.

I will particularly examine how interventions that were inspired by upstream engage-
ment and RRI were operationalized in three different social spheres in the science and 
technology governance landscape: the political sphere, societal sphere, and science and 
technology sphere, following the categorization from Van Est et al. (2012). These three 
spheres represent important loci for TA interventions, but each sphere has its own dy-
namics, which both enable and constrain such interventions. At the same time, seeking 
connections between these spheres is important for effective governance of technology. 
For example, participatory interventions in the societal sphere can enable learning in 
the science and technology sphere etc. These three spheres can be distinguished both 
by the actors constituting them as well as by the nature of their production. First, the 
societal sphere corresponds to the universe of the citizen, both as a user of technology 
and as someone who experiences (the benefits and risks of) socio-technological change. 
Relevant actors within this sphere are civil society organizations, such as NGOs, but also 
individuals and groups of citizens. Within the science and technology sphere, scientific 
knowledge as well as technological artefacts are being produced. The main actors within 
this sphere are scientists and technology developers, working within universities, public 
or private research centers, as well as businesses. The political sphere relates for instance, 
to the parliament and the government (the executive), including the civil servants working 
there, but also to (governmental) funding bodies. In this sphere, political decision making 
takes place on science and technology policies and implementation thereof. 

Through in-depth reflection on the Rathenau Instituut's interventions on synthetic biology 
in the aforementioned three spheres, I intend to contribute to the academic discourse on 
TA and RRI from the perspective of reflective practice, and provide recommendations for 
TA practice and more broadly speaking, the governance of technology, with the ultimate 
goal to seek for opportunities to better align technology and society. 

6.  Methodological approach

The specific methodologies that are applied and the specific conceptual frameworks that 
are used in each of the subsequent chapters will be outlined in each separate chapter. 
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Here, I can make some general remarks about the methodological approach of this thesis 
upfront. This holds particularly for part II of this thesis, the case studies, based on the 
work of the Rathenau Instituut. 

6.1  Technology assessment and responsible research and innovation in 
action

First of all, it is important to note that this thesis is grounded in my personal experiences 
as a TA practitioner at the Rathenau Instituut. This entails that – together with colleagues 
– I was responsible for the design and execution of TA interventions regarding synthetic 
biology from 2011 to 2017. It is crucial to stress that these activities are based on the 
Rathenau Instituut’s formal task, which reads as follows: 

“[t]he role of the institute is to contribute to societal debate and the formation of politi-
cal opinion on issues that relate to or are the consequence of scientific and technological 
developments. This specifically includes the ethical, social, cultural and legal aspects of such 
developments. In particular, the institute facilitates the formation of political opinion in both 
chambers of the Parliament of the Netherlands and in the European Parliament” (OC&W 
2009, 1, derived from Van Est, 2013b). 

As will be discussed below, this specific formal task is leading in the activities that are 
pursued by the institute, including those activities on which this thesis is based. Further-
more, a number of activities that will be discussed were conducted in the context of the 
EU-project SYNENERGENE in which the Rathenau Instituut (and I personally) participated. 
SYNENERGENE was a Mobilization and Mutual Learning Action Plan, which aimed to foster 
public engagement and responsible research and innovation with respect to synthetic 
biology. It was funded under the European Commission's FP7 Science in Society Work Pro-
gram and ran from 2013 until 2017 (Stemerding, 2015). Following its official task descrip-
tion, the activities of the Rathenau Instituut are to a large extent targeted at the political 
sphere (e.g. parliament and government) and the societal sphere (e.g. civil society and 
the general public). However, while the general aims and approaches in SYNENERGENE 
match the Rathenau Instituut’s formal task, within the context of this project, the institute 
experimented with novel approaches in TA and RRI, specifically targeted at the science 
and technology sphere, i.e. scientists and technology developers active in the field of 
synthetic biology. Interventions with such orientations are common in TA practice, but 
given its formal task description, not primarily for the Rathenau Instituut. 

At this point, is crucial to note that, as mentioned, the task of the institute is to stimulate 
societal and political opinion-making on science and technology – in this case synthetic bi-
ology – and henceforth not primarily to advance scholarly development. Having said this, 
the Rathenau Instituut has had a strong tradition of scholarly reflection on its functioning, 
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without this being part of its formal task description. Such scholarly reflection serves a 
number of purposes. First of all, it promotes transparency as it opens up the processes, 
rationales and assumptions that lie at the heart of the institute’s activities. Relatedly, it 
may enhance the quality of the institute’s work, since it enables critical reflection on the 
institute by other academics active in fields such as STS, TA and later RRI (e.g. Van Est, 
2017; van Lente et al., 2017). Conversely, ever since its inception, the Rathenau Instituut’s 
activities have been informed and inspired by concepts and approaches developed by 
scholarship in these domains. This certainly applies to the aforementioned approaches 
in upstream engagement and RRI. Lastly, the insights of the Rathenau Instituut’s practice 
may further academic scholarship in such domains. This dissertation is inspired by this tra-
dition. It revolves around putting theoretical concepts, approaches and ideals to practice 
in a real world setting (Schuijer, 2021), in this case being the context of how the Rathenau 
Instituut seeks to better align technology and society. 

From a methodological perspective this dissertation is grounded in a number of estab-
lished approaches. First of all, action research (Avison et al., 1999; Lewin, 1946). This 
approach entails that research and practice are associated, meaning that research informs 
practice and practice informs research synergistically. This approach resonates strongly 
with the aforementioned tradition of the Rathenau Instituut to implement novel ideas 
and concepts put forward by TA, RRI, and STS scholars, in conjunction with its ambition to 
simultaneously contribute to such scholarship on the basis of the experience gained from 
their practical implementation. Here, learning therefore takes place through doing as an 
insider, rather than examining a particular phenomenon from an outsider perspective. 

Secondly, transdisciplinary research is a key element. Thompson Klein and colleagues 
describe transdisciplinary research as: “a new form of learning and problem-solving 
involving co-operation between different parts of society and science in order to meet 
complex challenges of society. Transdisciplinary research starts from tangible, real-world 
problems. Solutions are devised in collaboration with multiple stakeholders” (2001, p.7). 
The Rathenau Instituut’s TA interventions – in general and regarding synthetic biology 
specifically – match this definition. They are intended to be constructive interventions 
in the complex governance of science, technology in society, in which the institute has a 
formal role to play. 

Lastly, the approach of reflective practice (Schön, 1992) is of specific importance. Reflec-
tive practice can be defined as the ability to reflect on one’s actions as to engage in a 
process of continuous learning. It entails that in order to learn, gaining experience alone 
is insufficient, but rather deliberate reflection on such experiences is needed. Reflective 
practice is important for the Rathenau Instituut’s workings and heavily informed this dis-
sertation. Analogous to the work of Fergusson et al. (2019) Schuijer (2021) and Roedema 
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et al.(2022), three cycles of action and reflection can be distinguished that are relevant 
for this thesis. First, the Rathenau Instituut’s TA interventions, including the ones I was 
involved in, are carefully designed and informed in a reflective manner by previous experi-
ences and scholarship. The second cycle is engaging in practice and being reflexive and 
adaptive in the face of emerging insights and needs. Here it is important to note that the 
Rathenau Instituut committed to the topic of synthetic biology early in its development 
and continued to do so for a longer period of time, spanning multiple two-year work pro-
grammes of the institute. This entails that in its interventions regarding synthetic biology, 
the Rathenau Instituut built on the results – positive or negative – of previous activities 
in a nested manner, for instance, by engaging with (potential) stakeholders that up until 
that moment were not yet included in deliberations on the field of synthetic biology. In 
addition, the Rathenau Instituut needed to be responsive towards changing contexts e.g. 
breakthroughs in the field of synthetic biology. In the thirds and final cycle, I take stock of 
the entirety of the Rathenau Instituut’s TA activities regarding synthetic biology and what 
we can learn hereof to better align technology and society in the dissertation presented 
here. 

6.2 The role of iGEM
Furthermore, it is important to note that the iGEM competition, described in section 1.2.1 
plays an important role. Ever since its inception, iGEM promoted so-called ‘Human Prac-
tices’ as a key element in the competition – and more generally speaking – responsible de-
velopment of synthetic biology (Rabinow & Bennett, 2009). This entails that the students 
participating in iGEM should actively seek to engage with society and pay attention to the 
(potential) societal ramifications of their particular designs. To quote the iGEM organiza-
tion itself: “using synthetic biology to address real-world problems requires thoughtful 
engagement with the world. In iGEM, they call this engagement ‘Human Practices’: 
thinking deeply and creatively about whether a synthetic biology project is responsible 
and good for the world” (iGEM, n.d.-c). In the past years there is even a trend towards 
‘Integrated Human Practices’, meaning that the insights gained through Human Practices 
should feed back into the actual design. This is for instance, stimulated through a ‘best 
Human Practices award’ (ibid.). Evidently, this element in the competition resonated with 
the Rathenau Instituut’s aspirations regarding early engagement with synthetic biology, 
as to contribute to its alignment with society. Therefore, we collaborated with the iGEM 
organization, as well as individual teams on several occasions, as will be discussed later 
on. 

6.3 Data collection
In terms of data collection, part I of this thesis, which intends to provide important 
conceptual, historical and contextual background information, relies primarily on desk 
research. Part II of the thesis, notably the three in-depth case studies on TA interventions, 
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are based on various forms of interactive qualitative research, respectively: analysis of 
a public debate, interviews with participants of the iGEM competition and finally, data 
gathered through two consecutive interactive stakeholder workshops. An overview of the 
methods and concepts used in the different chapters can be found in Table 1-1. 

6.4 Data analysis
The methods for data analysis are explicated in the respective chapters. However, two 
analytical frameworks played a particularly important role in facilitating coding and 
analysis in multiple chapters of this thesis and will be mentioned upfront. First of all, a 
comparative framework developed in the context of the EU-project ‘Global Ethics in Sci-
ence and Technology’ (GEST) (Stemerding et al. 2015) was used to identify and structure 
themes in debates on synthetic biology relating to: innovation, risk, power and control, 
and ethical issues (see chapter 3 and 5). Second, responsible research and innovation 
(RRI) as conceptualized by Stilgoe et al. (2013) was used as a framework to analyze how 
the interventions studied contributed to anticipation, inclusion, reflexivity and respon-
siveness (see chapter 6 and 7). 

7.  Thesis outline

The central research question of this thesis is: what role can technology assessment play 
in fostering the alignment between synthetic biology and society? In order to answer this 
research question, this thesis is structured as follows. First, a schematic overview of the 
structure of this thesis is provided in Figure 1.1:

7.2 Part I: Conceptual-historical and contextual background
Part I of this thesis provides important conceptual-historical and contextual background 
that are needed to better understand the case studies presented in part II. Chapter 2 
starts off the first part by elaborating technology assessment. I will provide an overview 

Fig. 1.1: Schematic overview of chapters
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of the conceptual and historical development of TA in the Netherlands, which provides 
the conceptual backbone of this thesis and moreover maps the TA landscape in the Neth-
erlands from an institutional point of view. The central question that guided this chapter 
was: how did TA practice evolve in the face of important (worldwide and national) societal 
and technological events, as well as scholarly insights and how is this institutionalized in 
practice?

Next, chapter 3 discusses the emerging international debate on synthetic biology, more 
specifically in Europe, China and India. Its central research questions are: how did syn-
thetic biology develop? What kind of themes and social issues arose in the emerging 
international discussion on synthetic biology and to which values do they relate? And 
lastly, which actors have been involved in this discussion? Looking at the overarching re-
search question of this thesis, this chapter accordingly provides an initial view of how the 
elements ‘synthetic biology’ and ‘society’ should be understood. Moreover, it provides 
important background information to understand the context and situation (including the 
state-of-the art of the societal debate on synthetic biology) in which the Rathenau Insti-
tuut initiated its engagement activities. It is based on collaborative work in the EU-funded 
project ‘Global Ethics in Science and Technology’ (GEST) in which the Rathenau Instituut 
(and I personally) participated. 

7.3  Part II: Examining interventions to foster alignment between synthetic 
biology and society undertaken by the Rathenau Instituut 

After having provided the conceptual-historical background and mapping the institution-
alization of TA in the Netherlands, as well as discussing the emerging international debate 
on synthetic biology as contextual background, part II of this thesis provides an in-depth 
discussion of the TA interventions of the Rathenau Instituut concerning synthetic biology. 
The central research question that guides these chapters is: how did the Rathenau Insti-
tuut’s TA activities aim to foster the alignment between synthetic biology and society? It 
examines TA interventions in the political, societal and lastly, the science and technology 
sphere. Chapter 4, first provides a broad overview of how the institute engaged with syn-
thetic biology in the three aforementioned social spheres and how it sought to integrate 
the efforts of different interventions, from an organizational point of view. Moreover, it 
elaborates the (formal) role and position of the Rathenau Instituut as the official organiza-
tion for technology assessment and system assessment of the Netherlands, which is cru-
cial to understand its interventionist rationale, aims and the limitations of the activities.

Chapters 5, 6 and 7 are dedicated to analyzing in-depth case studies of TA interventions 
in the three different social spheres from a project level perspective. First, chapter 5 is 
dedicated to the political sphere. For the Rathenau Instituut, parliament is one of the 
most important clients – if not the most important client. Ultimately, facilitating political 
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opinion and decision making on science and technology – including synthetic biology – is a 
central aim of the institute, given its formal task. However, given the immense workload of 
members of parliament, and the experimental nature of synthetic biology, it was not self-
evident that the Rathenau Instituut could mobilize political attention for synthetic biology. 
Therefore, in order to stimulate timely political opinion-making on synthetic biology, the 
Rathenau Instituut organized a public debate between political youth organizations and 
participants in the iGEM competition – from the perspective of upstream engagement. 
The chapter discusses the design and results of this public debate. 

Chapter 6 discusses an intervention in the science and technology sphere. It provides an 
analysis of how the Rathenau Instituut, in collaboration with the Athena Instituut of the 
Vrije Universiteit Amsterdam, sought to foster responsible research and innovation in 
synthetic biology through engaging with teams in the iGEM competition. It particularly 
reflects on how iGEM participants were coached in drafting future scenarios that aimed 
to explore the plausibility and desirability of their envisaged synthetic biology applica-
tions. Accordingly, it approaches RRI from a technological-options-oriented point of view. 
Similar to the activities discussed in the next chapter, this collaboration with the iGEM 
competition was part of the aforementioned EU-project SYNENERGENE.

The final case study dedicated to the societal sphere is discussed in chapter 7. It dis-
cusses the results of a two-day multi-stakeholder workshop, during which we brought 
together various societal stakeholders regarding antimicrobial resistance and sustainable 
energy with synthetic biologists in the Netherlands. The workshop was heavily inspired 
by responsible research and innovation (RRI) and accordingly, took societal challenges as 
its starting point, and subsequently sought to develop future scenarios that connected 
demand-side (what is the nature of the challenge and what sort of solutions are needed?) 
and supply-side (what can synthetic biology plausibly offer?). 

Chapter 8 is dedicated to the conclusion, in which I summarize the major findings of this 
thesis and seek to answer the overarching research question. Furthermore, I reflect on 
the findings in light of the contemporary scholarly discourse on TA and provide recom-
mendations for further research, TA practice, policy and more broadly, the governance of 
technology.

Chapters 3-7 are based on separate journal articles and book chapters, in which I played a 
key role as researcher and author in all stages of the research i.e. development conceptual 
framework, data collection, data analysis, and writing. An overview of the publications 
chapters 3-7 are based on, is provided in Table 1-2. Table 1-3 shows the contributions of 
co-authors to the publications in this thesis. 
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Table 1-2: Chapters and publications

Publication

Chapter 3 Published as: Rerimassie V., Stemerding D., Zhang W., & K.R. Srinivas (2015). ‘Discourses 
on Synthetic Biology in Europe, India and China’. In: M. Ladikas et al. (Eds.), Science & 
Technology Governance and Ethics. A Global Perspective from Europe, India and China. 
Springer, Dordrecht. 
https://doi.org/10.1007/978-3-319-14693-5_11 

Chapter 4 Published as: Rerimassie V. (2016). ‘Early Engagement with Synthetic Biology in The 
Netherlands. Initiatives by the Rathenau Instituut’. In: K. Hagen, M. Engelhard & G. Toepfer 
(Eds.), Ambivalences of Creating Life. Societal and Philosophical Dimensions of Synthetic 
Biology. Springer: Dordrecht. 
https://doi.org/10.1007/978-3-319-21088-9_10 

Chapter 5 Published as: Rerimassie V. (2016). ‘Exploring political views on synthetic biology in The 
Netherlands’. In: NanoEthics 10(3). https://doi.org/10.1007/s11569-016-0257-2

Chapter 6 Published as: Betten* A.W., Rerimassie* V. (* = contributed equally), Broerse, J.E.W., 
Stemerding, D., & J.F.H. Kupper (2018). Constructing future scenarios as a tool to foster 
responsible research and innovation among future synthetic biologists. Life Sciences, Society 
and Policy 14, 21 (2018). 
https://doi.org/10.1186/s40504-018-0082-1 

Chapter 7 Published as: Stemerding D., A.W. Betten, V. Rerimassie, Z. Robaey & J.F.H. Kupper (2019). 
Future making and responsible governance of innovation in synthetic biology. In: Futures 
(109). 
https://doi.org/10.1016/j.futures.2018.11.005

Table 1-3: Overview of contributions of co-authors

Chapter 3 Chapter 4 Chapter 5 Chapter 6 Chapter 7 

Conceptual 
framework

Virgil Rerimassie
Dirk Stemerding

Virgil Rerimassie Virgil Rerimassie Virgil Rerimassie
Afke Wieke 
Betten
Dirk Stemerding
Frank Kupper

Virgil Rerimassie
Afke Wieke 
Betten
Dirk Stemerding
Frank Kupper

Data 
collection

Virgil Rerimassie
Dirk Stemerding
Wenxia Zhang 
K. Ravi Srinivas

Virgil Rerimassie Virgil Rerimassie Virgil Rerimassie
Afke Wieke 
Betten

Virgil Rerimassie
Dirk Stemerding
Afke Wieke 
Betten

Data 
analysis

Virgil Rerimassie
Dirk Stemerding
Wenxia Zhang 
K. Ravi Srinivas

Virgil Rerimassie Virgil Rerimassie Virgil Rerimassie
Afke Wieke 
Betten

Virgil Rerimassie
Afke Wieke 
Betten
Dirk Stemerding
Zoë Robaey

Feedback 
on writing

Dirk Stemerding Dirk Stemerding
Rinie van Est

Dirk Stemerding
Rinie van Est

Jacqueline 
Broerse
Dirk Stemerding
Frank Kupper

Dirk Stemerding
Frank Kupper
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“Probably the greatest single force for both good and evil which is abroad in the land today 
is technology. In large part the destiny of the human race depends on what use we make of 
science and its handmaiden. Technology. There is scarcely a major existing ill which cannot 
in some manner be traced to technological application - nor is there one whose solution 
does not lie, at least in part, with better managed and better used technology” (U.S. Con-
gressman D’addario in: United States House of Representatives Committee on Science and 
Astronautics, 1970, p.8).

1. Introduction 

“We live in a technological culture” (Bijker, 2001, p.20). Understanding Western culture 
without considering the role of science and technology is hardly possible (ibid.). Science 
and technology may be an important source of progress, but also of problems and conflicts 
(Swierstra & Rip, 2007). In addition, research in science and technology studies (STS) and 
philosophy of science has demonstrated that technologies and technological artefacts are 
in fact, value-laden and have politics (Bijker, 2010; Verbeek, 2006; Winner, 1980). How 
can we, as a society, deal with science and technology in the best possible manner? And, 
if technology indeed has politics, how can we democratize technological development? 
These questions have been an important concern for academics and policy-makers alike. 
For over a half century, technology assessment (TA) has been an instrument to both 
analyze developments in science and technology, as well as facilitate decision-making and 
dialogue hereon. The idea of TA emerged in the 1960s in the United States. But by now, 
the practice of TA – or practice inspired by TA – has spread all over the globe. Furthermore, 
the practice, focus and methods of TA have widely diversified, accompanied and fueled 
by a strong scholarly tradition, stemming for instance from the disciplines of political sci-
ences, STS, philosophy and (applied) ethics. How has this come to be the case? How did 
TA develop in the way that it did and why? 

In this chapter I analyze the development of TA and the complex dynamics that shaped 
it, such as: technological developments, academic scholarship, the broader political and 
societal context – and their interplay. In order to delineate the research, I focus specifically 
on the Netherlands. The analysis does not have the pretence to provide an exhaustive 
overview of the development of TA, but rather elucidate the diversity of TA-(inspired) ap-
proaches (henceforth I will mostly use the term TA mode) as situated in the Dutch context. 
Importantly, the analysis uncovered three different waves during which TA underwent 
radical changes. Given the fact that in the Netherlands various approaches of TA have 
been institutionalized and experimented with, the analysis will nevertheless be insightful 
for the broader European or global discourse on TA – not only about TA in the Netherlands 
per se. Historical accounts of the development (of various forms) of TA and related prac-
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tices have been provided by several scholars (consider for instance, (e.g. Grunwald, 2018; 
Schot & Rip, 1997; Van Est & Brom, 2012; Zwart et al., 2014). For this analysis I will focus 
on TA primarily as a policy instrument, or perhaps more accurate, a governance instru-
ment, i.e. TA is understood as an instrument to actively, and constructively intervene in 
the complex interplay of science and technology, society, policy and politics. Or, drawing 
from Bijker’s terminology, TA is thus understood as an instrument in the governance of 
technological culture. In the light of earlier contributions on the development of TA, the 
aim is to understand how policy-makers have viewed the role of TA over time and what 
this has meant for its institutionalization and practice. In order to do so, the multiple 
streams framework (MSF) (Kingdon, 1984; Zahariadis, 2007) will be used as conceptual 
lens. The MSF facilitates analysis of how policies are made by national governments under 
conditions of ambiguity, i.c. policies relating to the interplay of science, technology and 
society. It has been proven a valuable tool to analyze policy-making and policy changes 
for a wide variety of policy domains and has been applied to study numerous countries. 
By applying the MSF to the development of TA in the Netherlands, I hope to shed a new 
light on its long-term development, which hopefully is valuable for scholars, practitioners 
and policy-makers alike. Hopefully it contributes to enhancing the reflexivity of TA practice 
and institutionalization, as to be responsive towards ever changing policy and societal 
demand (cf. Chilvers, 2013). As the analysis will show, TA needed to be responsive and 
adapt to emerging needs and insights in order to continue to be seen as valuable from a 
policy perspective. 

The structure of the chapter is as follows. First, I will outline its research strategy and 
elaborate how the MSF is employed as conceptual framework. Next, this framework is 
applied to the development of TA in the Netherlands and discusses three waves during 
which TA underwent significant change. Lastly, in the conclusion, I take stock of the devel-
opments and formulate important characteristics of contemporary TA. 

2. Research strategy and theoretical framework

2.1 Research strategy
In order to understand the historical development of TA in the Netherlands, notably in 
relation to policy and governance, (academic) literature on TA and related literature on 
the societal meaning of science and technology, as well as grey literature (notably policy 
documents), were reviewed. A quick scan of such documents made clear that, in order 
to understand the development of TA and its underlying dynamics, analysis of a broad 
range of dimensions of TA-related practice is needed, such as: important events and 
technological developments, scholarly and conceptual development, the institutionaliza-
tion, orientation and intended contribution of TA to the democratization of technological 
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culture, et cetera. A schematic overview of these dimensions and a brief explanation is 
depicted in Table 2-1. 

The MSF enables analysis of developments relating to the different dimensions as outlined 
in Table 2-1. In the following I will elaborate on the framework and how it was operation-
alized for the purpose of this study, i.e. how I understood and (moderately) modified the 
framework to meet the current analytical needs. 

2.2 Theoretical framework: multiple streams 
The Multiple Streams Framework was introduced by Kingdon in his book ‘Agendas, 
alternatives and public policies’, first published in 1984. Kingdon later refined his frame-
work (Kingdon, 1995, 2011). Additional important refinements and summaries were for 
instance provided by Zahariadis and fellow authors (Herweg et al., 2018; Zahariadis, 2007, 
2019). Zahariadis describes the MSF as a lens, perspective, or framework that explains 
how policies are made by national governments under conditions of ambiguity. It is 
particularly suited to explain policy formation, i.e. agenda setting and decision making. 
Scholarly interest in the MSF has increased in recent years. In their literature review, Jones 
et al. (2016) found 311 English language peer-reviewed journal articles applying the MSF 
since the year 2000. The contributions using the MSF have extended it in three aspects: 
policy areas, policy stages and units of analysis. Moreover, the MSF was used to analyze 
many different countries. The body of work has primarily made clear that the framework 
is applicable to a broad variety of empirical cases (at least ex post). More recently, also 
attention for theoretical refinement of the MFS seems to have increased (see e.g. Béland, 
2016; Béland & Howlett, 2016; Zohlnhöfer et al., 2015, 2016). In the following I will elabo-
rate on the MSF. For reasons of delineation, I will limit myself to briefly outlining the five 
structural elements of the framework, drawing heavily from Zahariadis (2007, 2019), as 
well as how they were operationalized in this study. 

Table 2-1: Dimensions of TA-related practice

Dimension Explanation

Policy problems Problems that TA seeks to address

Focusing technologies Technological developments that warranted attention

Key policy ideas: Articulation of policy ideas, notably scholarly and conceptual 
development

Understanding of technology The (narrow or broad) scope in way technology is understood

Heuristics of STI The different aspects of technology that are scrutinized by TA

Social sphere Which societal realm of actors TA practice seeks to address

Institutional practice How TA practice is institutionalized

Timing When TA interventions undertaken

Aimed contribution How TA seeks to contribute to the democratize technological culture
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At the heart of the MFS are three streams as flowing through the policy system: problems, 
policies, and politics. Each of these streams is conceptualized as largely separate from 
the others, with its own dynamics and rules. At critical points in time, termed policy win-
dows, the streams are coupled by policy entrepreneurs, i.e. all three streams are brought 
together in order to facilitate the adoption of a specific policy (Zahariadis, 2007, p.65). 

• Problems
The problem stream consists of various conditions that policy-makers and citizens want 
addressed. Policy-makers find out about these conditions through indicators, focusing 
events, and feedback. Examples of indicators mentioned by Zahariadis are the cost of 
a program, infant mortality rates, or highway deaths, which may be used to assess the 
existence and magnitude of a condition, as well as the scope of change. In the context 
of science and technology one for instance, may think of traffic fatality statistics, or CO₂ 
and greenhouse gas emission rates. Focusing events are events that draw attention to 
problematic conditions, such as oil disasters or floods (e.g. due to climate change). In 
this study, developments in science and technology are understood within this stream 
(be it indicators or focusing events). It is important to note that this certainly does not 
only encompass negative aspects of science and technology. Under this heading also 
breakthroughs and developments in science and technology are discussed, as well as so-
lutions to societal problems. Furthermore, I consider feedback from previous approaches 
in order to highlight what works and what does not (in terms of constructively intervening 
in the relationship between technology and society). Last, the notion of problem load is 
relevant, which relates to the number of difficult problems occupying the attention of 
policy-makers (Zahariadis, 2007, pp.71-72). In short, for the purpose of our study prob-
lems (identified through indicators, focusing events or feedback) are understood as the 
issues or challenges to which TA is framed as (part of) a potential solution. 

• Policy ideas
Next, the policy stream is “a ‘soup’ of ideas that compete to win acceptance in policy net-
works” (Zahariadis 2007, p. 72).4 Policy ideas are generated by specialists in policy com-
munities (networks that include politicians, policy-makers, academics, and researchers in 
think tanks and research institutions who share a common concern in a policy area) and 
are considered in various forums and forms, such as hearings, papers, and conferences 
(ibid.). Of course, not all ideas become a success. With regard to our study, in the policy 
stream I will specifically (also) consider academic contributions from e.g. STS, political sci-
ences, philosophy and (practical) ethics, all of which played an important role in shaping 
TA as a potential instrument in the governance of technological culture. 

4 In literature using the multiple streams framework, this stream is mostly termed ‘policy’ or ‘policy stream’. I will 
use the term ‘policy ideas stream’, to accentuate that to a large extent predominantly scholarly ideas informed the 
development of TA. 
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• Politics
The politics stream consists of three elements: the national mood, pressure group cam-
paigns, and administrative or legislative turnover (Zahariadis, 2007, p.73). The national 
mood refers to the notion that citizens tend to think along common lines and that the 
mood swings from time to time. Next to pressure group campaigns, administrative and 
legislative turnover is crucial in the politics stream. When elections result in new ma-
jorities, coalitions and government leaders, and certain ideologies to become dominant, 
this evidently plays a crucial role for the success or failure of policy ideas (as well as the 
understanding of problems). This also applies to the institutionalization and practice of 
TA. Zahariadis notes that of the three elements in the political stream, the combination of 
the national mood and turnover in government exerts the most powerful effect on agen-
das (ibid.). For the current analysis this notion also includes institutional context, political 
systems and cultures, for as will be elaborated, in its spread, TA was operationalized in 
different manners, (amongst others) to accommodate different systems and cultures. This 
extension of the MSF is in line with the work from Beland (2016) and Zohlnhöfer and col-
leagues (2016) who advocate more structural attention for institutions than reflected thus 
far in the work of Kingdon (who relied primarily on the U.S. congressional context) and 
Zahariadis. Furthermore, I note that grasping the national mood (of the Netherlands) in 
the context of TA is challenging. Therefore, I focus often on the Dutch political landscape, 
notably the composition of the Dutch parliament and government). The Dutch parlia-
mentary system is a proportional electoral system, with a fairly low electoral threshold, 
when compared for instance to the electoral systems in the United States and the United 
Kingdom. This means that - in comparison to these countries - it is relatively easy for a 
new party to become represented in parliament. The basic idea behind the Dutch system 
is that parliament should represent a ‘microcosm’ of Dutch society, in which also minority 
voices should be able to manifest themselves (Elzinga et al., 2012; Heringa & Kiiver, 2009).5 
While there currently is a lively debate in the Netherlands on the (electoral) system, as 
well as the value and representative nature of political parties (cf. Van der Meer, 2017; Van 
Reybrouck, 2016), I consider the composition of the Dutch parliament and government a 
valuable manner to assess the political mood in the Netherlands. Moreover this of course, 
ties in with the notion of legislative and administrative turnover. 

• Policy windows
Having discussed the three separate streams, I will now discuss how policy choices are 
made. According to the MFS this happens when the three streams are coupled or joined 
together at critical moments in time. Kingdom labels these moments policy windows 
and defines them as fleeting “opportunities for advocates of proposals to push their pet 

5 After the elections on 17 March 2021 no less than seventeen political parties were elected into parliament (match-
ing the record of the elections in 1918), including four political parties that were elected for the first time (Kiesraad, 
2021).
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solutions, or to push attention to their special problems” (Kingdon, 1995, in: Zahariadis, 
2007 p.74). Windows are opened by compelling problems or by events in the political 
stream. In the political stream, a new administration may be ideologically favorable or 
restrictive towards ideas in the policy stream. The idea of coupling represents establishing 
a connection between problems, policy and politics and takes place during open windows 
when certain policy-makers happen to be in power. The amount of information (perceived 
to be) needed before a decision can be made, termed decision style, is important as well. 
Decision styles may be cautious or less cautious in this regard (Zahariadis, 2015, p.74). 

• Policy entrepreneurship
The final structural element in the MFS, are policy entrepreneurs, individuals or corporate 
actors who attempt to couple the three streams. Kingdom describes them as “advocates 
for proposals or for the prominence of an idea” (Kingdon 1984, p. 122). When windows 
open, policy entrepreneurs must timely seize the opportunity to initiate action. Entre-
preneurs must be not only persistent, but also skilled at coupling. They must be able 
to connect problems to their solutions and find support. The chance that policy will be 
adopted dramatically increases when all three streams - problems, policies, and politics - 
are coupled in a single package. Access to relevant policy-makers and resources are crucial 
for entrepreneurs and even manipulating strategies may be warranted to accomplish their 
goals. While the MFS originally catered towards individual policy entrepreneurs and their 
specific features, following Zohlnhöfer, Herweg and Huß (2016), I understand policy entre-
preneurship as a process and consider the idea of collective entrepreneurship. The authors 
refer to the latter as “the coupling activities of like-minded individuals with different skills, 
knowledge and positions that take place simultaneously or at different stages in the policy 
process” (Zohlnhöfer et al., 2016, p. 250). In this study collective entrepreneurship plays 
a crucial role. In furthering the development of TA in the Netherlands, only very rarely 
single individuals can be pointed out that can truly be considered as policy entrepreneurs 
as conceptualized within the MSF; the development of TA is rather the result of an inter-
play of several institutions and organizations. 
At some points in time TA practice was, for example, changed or broadened in the light of 
scholarly insights and had (or were given) institutional leeway or support from relevant 
policy-makers to do so. This resonates stronger with the notions of process and collective 
entrepreneurship, rather than a single policy entrepreneur. 

• Policy output
If policy entrepreneurs seize to make use of a policy window by succeeding in the coupling 
of the three streams a certain policy output is realized. For the purpose of this study I 
understand this as (changes in) the institutionalization6, orientation and practice of TA 

6 Occasionally, also ‘maintenance’ of TA is considered, since – as will be discussed below – continuous support of TA 
(institutionalization) is not self-evident and requires attention and effort. 



2

THE HISTORICAL AND CONCEPTUAL DEVELOPMENT OF TA IN THE NETHERLANDS

47

(e.g. heuristics, understanding of technology and timing), as well as the aimed contribu-
tion towards the democratization of technological culture (see table 2-1). 

In order to further distinguish TA practices, I consider three different social spheres to-
wards such practices are oriented, which have proven valuable to typify TA activities else-
where. First, the political sphere, which explicitly distinguishes government, the executive, 
from parliament in the light of the division of powers (cf. Ganzevles et al., 2014), the 
societal sphere (the sphere of civil society, NGO’s and the general public) and the science 
& technology sphere (the sphere of scientists, technology developers, R&D, industry and 
businesses) (Rerimassie, 2016a; Van Est et al., 2012). 

3.  The development of technology assessment in the 
Netherlands

In this section the MSF is applied to TA, as an evolving policy instrument aimed at construc-
tively intervening in the dynamic relation between science and technology and society; an 
instrument for the governance of technological culture. As said, the main focus is on the 
Netherlands, with the exception of the first two subsections. The first is dedicated to the 
emergence of the concept of TA as such in the United States and the second to the spread 
of TA to Europe. The analysis starts in the 1960s until the present, and identifies moments 
in which TA – in response to changing policy and societal demand, as well as academic 
insights – underwent important change. The analysis is largely conducted in a chronologi-
cal order, but I point out that a chronological rendition is not a goal in itself. The focus is to 
elaborate on different modes of TA or TA-related practice and how and why they emerged. 
This means that at some points there may be a chronological overlap, but putting the TA 
mode central, rather than the chronology, hopefully provides a more focused analysis. 

I distinguish three different waves of TA or TA-related practice. First, section 3.1 discusses 
the emergence of (Parliamentary) TA in the United States, and its spread to Europe, and 
the Netherlands specifically. Section 3.2 then discusses a second wave during which TA 
broadened in two interconnected ways. In the light of emerging ethical issues relating to 
S&T, participation and ethical assessment of S&T would gain importance. Correspond-
ingly, in this section I will discuss the following modes: participatory TA, ethics advisory 
commissions and ELSA. Last, section 3.3 discusses the latest wave of TA, consisting of the 
modes of constructive TA, early or upstream engagement and responsible research and 
innovation (RRI). 

Following the MSF, for each mode I will discuss problems, policy ideas and politics streams. 
Then, under the heading of output I discuss how policy windows were seized by entrepre-
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neurs, or collective entrepreneurship, to create change in TA institutionalization, practice 
and orientation, i.e. establish a new TA mode. 

Last, in order to substantiate the discussion, I will highlight specific examples per TA mode 
(without having the pretence to be complete). In choosing these examples, I considered 
that they ought to highlight the traits of the novel TA mode and show sufficient degree of 
policy support, i.e. (long-term) institutionalization or funding programmes are considered 
over singular projects.

4. First wave: the emergence of technology assessment

The aim of this part is to analyze the development of TA in the Netherlands, but since TA 
did not emerge in the Netherlands, this section first discusses how TA originated in the 
United States, followed by how it spread to Europe, and finally how TA was implemented 
in the Netherlands. 

4.1 The origin of technology assessment in the United States
This section discusses the origin of TA in the United States. The period covered spans from 
the 1960s up until the mid70s.7

• Problem stream
In the period following the Second World War there was overall much optimism about the 
role of science and technology for society. In the 60’s this view started to shift as the nega-
tive impact of technological developments on the environment became visible. Rachel 
Carson’s Silent Spring ( 1962) gave an unprecedented account of the adverse environmen-
tal effects by the use of pesticides and played an important role in raising environmental 
concerns. Relatedly, the general public gained a more critical attitude towards science and 
technology (see politics stream below). This emerging critical attitude towards technologi-
cal development was also reflected in the U.S. Congress. In 1966 The Subcommittee on 
Science, Research and Development of the Committee on Science and Astronautics of 
the U.S. House of Representatives issued a report on the societal effects of technological 
innovations. According to the report there was an urgent need to “strengthen the role 
of the Congress in making judgements among alternatives for putting science to work 
for human benefit” (U.S. Congress 1966 in: Vig and Paschen, 2000). A related perceived 
problem was the inability for Congress to exert control on the Executive Branch’s policy-
making in the field of science and technology, notably in its decisions relating to scientific 
and technological arms race with the Soviet Union. Joseph Coates (who then was still 
connected to the National Science Foundation but later would become one of the leading 

7 Section 3.1.1 and 3.1.2 draw heavily from the work of Vig and Paschen (2000).
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practitioners of TA) noted in retrospective about this subject matter that: “[f]or at least 
20 years (...) the U.S. Congress was consistently, and frequently lied to and misled by the 
Executive Branch. The Executive Branch got away with this simply because the Congress 
did not have the intellectual and analytical resources at its disposal to effectively and 
clearly challenge the claims of the executive agencies and departments. (...). Over this 
20-year period, the main source of reliable information for the Congress was provided by 
lobbyists” (Coates, 2016,p. 67).

• Policy ideas stream
In response to the aforementioned problems, Congressman Emilio Q. D’addario, chair-
man of the Subcommittee proposed the idea of – and coined the term – ‘technology 
assessment’. His aspiration was that it would “provide a method for identifying, assessing, 
publicizing, and dealing with the implications and effects of applied research and technol-
ogy” (D’addario 1968, p. 202-203 in: Vig and Paschen, 2000). In support hereof three 
major studies were commissioned to examine the need for technology assessment, as 
well as what it should encompass. First, the Library of Congress reviewed the history of 
how Congress handled technological matters and concluded there was a need for im-
provement (ibid.). Next to the aforementioned study, the National Academy of Science, 
investigated the concept of TA and suggested ways for practical implementation (National 
Academy of Science, 1969), while the National Academy of Engineering experimented 
with assessment methods (National Academy of Engineering, 1969). 

• Politics stream
In terms of the public mood, growing consumer movements, later spearheaded for 
instance by Ralph Nader, were showing that new science and technology do not neces-
sarily make life more comfortable or enjoyable (Herdman & Jensen, 1997). A special issue 
of New Scientist dedicated to TA would later note that people had come to belief that 
“technological innovation can just as easily impair ‘the quality of life’ as promote it” (New 
Scientist, 1973, p.466) and that an increasing number of people had started to question 
the idea that “science is good for you” (ibid). Public concerns for instance arose about 
nuclear power, nuclear weapons and computerization (Vig & Paschen, 2000). 

• Output
Spearheaded by Congressman D’addario, after considerable debate during the research 
and after the publication of the studies mentioned in the policy ideas stream, on October 
13, 1972 a (revised) bill was passed and signed into law by President Richard Nixon: the 
new Office of Technology Assessment (OTA) had been created. And in doing so, what 
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would later be termed ‘parliamentary TA’ (PTA) or ‘classical TA’ was created.8 In the ‘OTA 
model’ TA was thought of as a tool for predicting the potential impacts of technological 
change on human society and the environment and for framing policy options for Con-
gress to assist it in making choices that would maximize the benefits and minimize costs of 
such changes (D’addario 1968 in: Vig and Paschen, 2000, p.8). Vig and Paschen note that 
although TA was to consider both the beneficial and adverse effects impacts, its distinctive 
function was to provide early warning of potentially negative consequences, especially 
unintended and indirect secondary consequences that are not normally considered when 
new technologies are deployed.9 A frequently cited definition of TA in the ‘OTA model’ was 
provided Joseph Coates: 

“[TA] is a class of policy studies which systematically examine the effects on society that 
may occur when a technology is introduced, extended or modified. It emphasizes those 
consequences that are unintended, indirect or delayed” (in: Vig and Paschen 2000, p. 8). 

Technology assessments were to be based on objective scientific analysis. At the same 
time, it was (already) recognized that studies would have to be interdisciplinary, i.e. draw 
from both social sciences as well as the natural sciences and engineering.10 The assump-
tion was that social impacts of technologies could be predicted before they occurred, al-
lowing analysts to formulate a “rationally ordered, comprehensive array of policy options 
for alternative courses of technological development or problem-solving based on such 
neutral foresight” (ibid.). Yet, OTA refrained from giving policy recommendations, as it 
was up to the democratically elected members of Congress to make value judgements. In 
the decade to come, OTA would become an authoritative institution whose reports would 
become standard reference works in emerging policy fields, used both inside and outside 
Congress (Vig and Paschen, 2000). 

In sum, TA thus emerged in the 1960s in the United States. In its broadest sense, TA here 
can first, be understood as response to a demand for more societal control over science 
and technology, especially in the face of negative impacts of science and technology. 
Second, more specifically, TA fulfilled a demand for the legislative branch to exercise more 
control vis-a-vis the executive branch with regard to handling issues relating to science 
and technology, thus enhance democratic, parliamentary control. In terms of societal 

8 It should be noted that in Japan there was also an interest in TA in the end of the 1960s and 1970s; its Ministry 
of Trade and Industry (MITI) commissioned several TA projects in the context of the state’s technology policy and 
management. However, in the 80s the notion of TA lost its interest (Grunwald, 2018, p.72). 

9 Referring to philosopher Hans Jonas (1984) Grunwald distinguishes two categories of unintended effects of 
technology: malfunction of technology, such as accidents and effects relating to well-functioning technology, for 
instance the emission of greenhouse gasses while driving (Grunwald, 2018, pp. 38-39).

10 From the beginning of the ‘TA movement’ the idea of (non-expert) participation of affected individuals and groups 
was a debated issue (e.g. NAS), but this was not implemented by OTA (Vig & Paschen, 2000, p.17).
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spheres, this approach in TA is primarily oriented towards the political sphere, i.e. it is 
situated in the context of political and policy decision-making. 

4.2 The spread and diversification of technology assessment
The next section is dedicated to the spread of TA to Europe and how the practice of TA 
diversified in this process. The time frame spans from the mid70s to the end of the 80s.11 

• Problem stream
From the 70s onwards, a number of different S&T related problems emerged. First of all, 
the Club of Rome had just published Limits of Growth (1972), which made the issue of 
resource scarcity – as well as broader environmental concerns – important matters of 
political and public concern. In the next year, 1973, the world faced its first oil crisis, in the 
wake of an embargo of the Organization of Arab Petroleum Exporting Countries, targeted 
at nations perceived as supporting Israel during the Yom Kippur War (Macalister, 2011). 
The event increased the impact of Limits of Growth. 

Furthermore, several scientific and technological advances were made. For instance, in 
the field of biotechnology. One of these concerned recombinant DNA technology (rDNA), 
allowing the creation of novel genomes by bringing DNA from different sources together. 
rDNA technology offered several societally beneficial applications, such as the production 
of insulin through modified E. coli. At the same time, many scientists involved in research 
acknowledged the potential hazards that could arise (Berg et al., 1975). Also, in the field 
of reproductive technologies and human genetics advances were made. For instance, in 
1978 Louise Brown, the first child conceived through in vitro fertilization (IVF) was born in 
the United Kingdom, which would encourage long-term deliberation on the regulation of 
human genetics in the UK (Van Est, 2011). 

Next to scientific breakthroughs, a number of unprecedented environmental disasters 
took place: the Three Mile Island accident (in 1979), the Bhopal disaster (1984) and the 
Chernobyl disaster (1986). Next to these accidents, concerns arose about environmental 
threats such as ozone depletion and acid rain, as well as public health threats, like food 
safety (Vig & Paschen, 2000). In less than a decade the world thus witnessed three cata-
strophic disasters and the emergence of new (ecological) threats, unmistakably linked to 
technological and scientific development. 

11 In the first half of the 1970s also so-called Health Technology Assessment (Health TA) emerged. Health TA seeks to 
inform policy makers about efficacy, safety, and cost-effectiveness issues around medical technologies, and accord-
ing to Van Est and Brom (2012) therefore fits the classical TA paradigm. Yet, ever since its emergence Health TA has 
developed separately from the broader TA discourse. Since its start, health TA has been occupied by concerns about 
the rising costs of healthcare and Health TA has accordingly focused on (quantitative) cost–benefit analyses on the 
use of new medical technologies (ibid.). Given the fundamental difference in its societal aim and the disconnect 
with the TA discourse discussed here, Health TA is left outside the scope of this analysis.
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In terms of economics, in particular the late 1970s and early 1980s economic recession 
and high unemployment were manifest, particularly in Europe (ibid.; Petermann, 2000). 
According to many, Europe was falling behind competitors in innovation, and technology 
was increasingly seen as a crucial means to help the Western economy out of its depres-
sion (Smits & Leyten, 1991). 

Last, late in this period, in 1987 ‘Our common future’, also known as the ‘Brundtland 
report’ was published (drafted by the ‘World Commission on Environment and Develop-
ment’ and published by the UN) (1987) raising awareness for the issue of sustainability. 

• Policy ideas stream
After the foundation of OTA, the idea of TA was gaining increasing international attention. 
The OECD for instance, put the topic of TA on their agenda and Congressman D’addario 
hosted a seminar on TA in 1972, followed by a report about that in 1973 (Hetman, 1973), 
which sparked interest by other OECD member states, notably in Europe (Vig and Paschen, 
2000). Furthermore, a number of international conferences on TA were organized. During 
these conferences experts, scholars and officials discussed TA concepts and methods, 
the utility of results, and opportunities and problems regarding the institutionalization of 
(P)TA; essentially exploring and articulating the demand for TA in the European context. 
Overall, given the pluralism of European political cultures, it was recognized that – if TA 
were to be implemented in Europe – a variety of TA methods and models would be needed 
to accommodate the diversity of European countries (Vig & Paschen, 2000). Accordingly, 
there would probably be no singular ‘European model’ of TA.

• Politics stream
All of the issues raised under the problems stream were issues that played an important 
role in the public mood. The Three Mile Island and Chernobyl accidents for instance, heav-
ily intensified public concerns about the safety of nuclear energy e.g. in the Netherlands 
massive demonstrations against nuclear energy took place. Similarly, the implications of 
the oil crisis were deeply felt by the broader public, as well as the economic recession 
in Europe. Turning to the institutional context, advocates of TA in (stemming primarily 
from Europe) faced several institutional and constitutional constraints. Parliaments in 
Europe are generally speaking in a weaker position in comparison to the U.S. Congress 
to take such initiative; in the European regimes there is less explicit separation of powers 
between the executive and legislature in parliamentary systems vis-a-vis the presidential 
systems (like in the U.S.). In Europe, leaders of the majority party or coalition who form 
the government, also control parliament (Vig & Paschen, 2000). However, institutional 
constraints were not the only serious barriers for the potential of PTA in Europe. Next 
to the pragmatic concern that, OTA’s operating goals and methods were still unclear and 



2

THE HISTORICAL AND CONCEPTUAL DEVELOPMENT OF TA IN THE NETHERLANDS

53

the concept of TA was still rather ambiguous, also the proper role of the state as such in 
shaping technological development was – and still is – a highly political topic (ibid).

• Output
During the first decade after the installation of OTA most proposals for parliamentary TA in 
Europe came from opposition parties and accordingly had little chances for success.12 Yet, 
due to the continuous entrepreneurship of D’addario and the collective entrepreneur-
ship of several groups that advocated for TA, between 1983 and 1989 a number of new 
parliamentary TA units were established in Europe.13 

How did the newly established TA organizations operate in comparison to OTA? How were 
they institutionalized - given the different needs and contexts in the six European coun-
tries? In terms of institutionalization, Grunwald (2018, p.83) follows the categorization 
made in the EU-project PACITA14 (2012):

1) Parliamentary committee model: in this model a dedicated parliamentary committee 
is in the lead concerning TAs, i.e. members of parliament are in charge of the assess-
ment. The committees tend to invite experts to their meetings or organize workshops 
and conferences in order to gain (scientific) insights. The French ‘Office Parlementaire 
d’Evaluation des Choix Scientifiques et Technologiques’ (OPECST) (established in 1983) 
resembles this model. 

2) Parliamentary office or parliamentary unit model: here parliament has its own office 
or support unit for TA studies, at the request of parliament. The office may be con-
tracted out to external (scientific) organizations and/or experts. Examples hereof are: 
the ‘Bureau für Technologiefolgenabschätzung’ (TAB) for the German Bundestag, the 
‘Parliamentary Office of Science and Technology’ (POST) in the United Kingdom (both 
established in 1989) and the ‘Scientific and Technological Options Assessment’ (STOA) 
unit of the European Parliament (established in 1987).

3) Independent institute (or interactive) model: the TA organization operates at a distance 
from parliament, but parliament is the main client (or one of its main clients). Typi-
cally, these institutes have missions that go beyond informing members of parliament 
and also include stimulating societal debate. Examples of the newly found institutions 
are the ‘Teknologiradet’ or ‘Danish Board of Technology’ (DBT) in NOTA in the Nether-
lands, which will be elaborated upon in the next sections.

12 Proposals to establish a TA office (Amt für Technikbewertung) in the German Bundestag were already introduced in 
1973, but to no avail (Grunwald 2018, p.70).

13 Evidently, these dynamics would require much deeper analysis, but for the purpose and (periodical) scope of this 
paper we limit myself here.

14 Parliaments and Civil Society in Technology Assessment, supported under the FP7 framework of the European 
Union. 
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In comparison to the OTA-model we thus saw the emergence of new institutional arrange-
ments in (P)TA. But also, in terms of practice, orientation and approach new forms became 
apparent. On the one hand some countries, notably the UK and Germany aimed to fol-
low OTA’s approach as method of expert policy analysis, focusing on unbiased ‘scientific’ 
information for policy-makers and politicians. On the other hand, countries like Denmark 
and the Netherlands viewed TA (also) as a more ‘open’ process for involving the public 
in policy dialogues and building consensus on issues relating to science and technology. 
This resonates with the societal calls for democratization that emerged in the late sixties 
and seventies. Because of this, involving societal organizations in the political process and 
seeking for consensus, had become more common. The institutionalization of TA, and its 
orientation as a more open process, can, at least in part, also be understood as a result of 
such calls for democratization (Van Est, 2011). 

TA was thus adopted by a number of European countries as well as the European Parlia-
ment and to accommodate different institutional contexts and changes in the three dif-
ferent streams diversified in the process. In terms of societal spheres, TA is still primarily 
oriented towards the political sphere, but also a discourse to engage with the broader 
societal sphere is emerging.

4.3 The emergence of technology assessment in the Netherlands
After having discussed the emergence of TA in the United States and its spread to Europe, 
this section is dedicated to the emergence of TA the Netherlands. It discusses a timeframe 
that spans from the mid60s to the 80s.

• Problem stream
Similar to the emerging critical stance in the United States also in the Netherlands tech-
nology was viewed with growing critique from the late 1960s onwards and the relation 
between science and technology and society became more problematic (Van Eijndhoven, 
2000). This particularly became clear with regard to developments relating to nuclear 
energy, ozone depletion, rDNA and micro-electronics, which all caused societal concern. 
Next to health and environmental risks, broader ethical questions were raised, as well as 
attention for societal responsibilities of scientists. Furthermore, economic recession hit 
the Netherlands in the early 1980s, which increased attention for the role of innovation in 
economic growth. These issues culminated in the need for better decision-making on S&T 
and for policy-makers to be better able to anticipate societal consequences. 

• Policy ideas stream
A need to enhance the relationship between science and technology on the one hand, 
and society on the other, was broadly felt in the Netherlands. In order to contribute to 
better decision-making on related topics, experimental methods were tried. For instance, 
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committees were established regarding the emergence of micro-electronics (Advisory 
Group Rathenau), rDNA (Broad Committee on rDNA) and a ‘Broad Societal Debate’ on 
energy policy was organized to overcome the stalemate within this policy field that had 
emerged at the end of the 1970s due to the societal protest against nuclear power. As 
Van Eijndhoven (2000) notes, the perceived success hereof varied, but nevertheless 
demonstrated appreciation of such new mechanisms. Moreover, technological develop-
ments laid bare problems regarding knowledge and information on how to deal with them 
(Smits & Leyten, 1991). Furthermore, the increased attention for the role of innovation in 
economic growth – in the light of the economic recession in the 1970s – gave even more 
weight to the quality and smoothness of decision-making on S&T (ibid; Van Eijndhoven, 
2000). 

In this period, also a number of advisory councils and parliament gained an interest 
into emerging issues relating to S&T. On a number of occasions members of parliament 
discussed the need to control S&T and address related ethical concerns. Parliamentary 
questions on the desirability for OTA-like organization were raised by Jan Terlouw of the 
relatively young liberal-democratic party D66 (Parliamentary documents II, 1973-1974, 
12 600), but to no avail. In 1979 three Christian Democratic MP’s had argued in a parlia-
mentary motion for a general law on scientific practice (Kaderwet voor de Wetenschaps-
beoefening), in the light of ethical concerns relating to the aforementioned issues. 

Eventually, the Dutch government issued a policy paper on innovation (Innovatienota, 
Parliamentary documents II, 1979-1980, 15 855 nr.2) in 1979, which marked the beginning 
of separate technology policy in the Netherlands, but also explicitly expressed the need to 
better understand the societal aspects of S&T. The ministry on Education and Science took 
a leading role in exploring how the societal aspects of S&T could be better understood and 
considered TA as a means to this end. In 1980 the Report on the Societal Effects of Micro-
electronics of the Advisory Group Rathenau (named after its chairman) also pleaded for 
TA in order to monitor technological developments. In contrast to the ‘early warning’ 
view of TA, the report explicates that TA could be used in a positive way to gain insights in 
the potential contributions of technology. Similarly, but without referring to TA as such, 
the ‘broad commission’ on rDNA also pleaded for a more permanent commission that 
could “serve as a kind of ‘early warning system’ to identify new and potentially undesired 
developments in a timely manner” (Brede DNA-Commissie, 1983, p.6, translation VR). 

As a culmination of the aforementioned deliberations, in 1984 the government published 
a policy paper on the integration of science and technology in society (Nota Integratie van 
Wetenschap en Technologie in de Samenleving, IWTS, Parliamentary documents II, 1983-
1984, 18 421 nr.2). The IWTS expressed the need to broaden the basis for decision-making 
on S&T, both in terms of substance and in participation of those involved, in order to be 
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better able to anticipate potential societal consequences – positive and negative. Two 
relevant suggestions were made: first, to house a TA unit within the ministry of science 
and education, and second, to establish an organization to disseminate information on 
S&T, the Foundation for Public Communication on Science and Technology (PWT). In a 
parliamentary debate on the IWTS in 1985, it however, became clear that there were dif-
ferent views on how a Dutch TA unit should be institutionalized. Members of the Socialist 
Democratic Party, Partij voor de Arbeid (PvdA), pleaded that it ought to be placed within 
parliament or at least in its vicinity (similar to the OTA model). Several MP’s envisaged an 
independent body ‘at arm’s length’ of the government. Christian Democrats advocated an 
organization independent of parliament or government and suggested that institutions 
like the Netherlands Scientific Council for Government Policy (WRR) or Royal Academy of 
Arts and Sciences (KNAW) could house a TA unit (Van Eijndhoven 2000).

• Politics stream
This period is thus typified by a broadly felt critical stance towards S&T. In terms of the 
general mood or ‘Zeitgeist’ of the 60s plays an important role. Dutch society was in the 
beginning of the twentieth century organized along four different socio-cultural ‘pillars’ 
(‘zuilen’): Protestants, Catholics, socialists and liberals (Lijphart, 1968 in: Van Est, 2011). 
Pillars loosely united groups of people with regard to various aspects of live. Contacts 
between pillars were mostly reserved for the elites of these pillars, who effectively domi-
nated decision-making. The fact that each pillar represented a minority in Dutch society, 
spurred these elites to adopt a culture of accommodation; pragmatic tolerance in the 
face of diversity formed the basis of Dutch corporatism. This changed in the 60s when the 
legitimacy of the established order and societal relationships were challenged (cf. Haber-
mas, 1975). Calls for democratization and emancipation as well as distrust of the estab-
lishment grew stronger. Television and other mass media played an important role herein. 
In 1969 student revolts took place, which led to democratization of Dutch universities. 
In the light of issues relating to the Vietnam war, nuclear energy and weaponization, sci-
ence students asked that ‘Science and Society’ programs be established as to increase the 
societal responsibilities of scientists (Van Eijndhoven, 2000). Furthermore, in the 1980s, 
new interest groups and civil society organizations, such as environmental organizations 
emerged, that would be involved in decision-making processes. This broadening of the 
aforementioned Dutch corporatist culture as to include interest groups, NGO’s and civil 
society organizations is referred to as the ‘poldermodel’ and is seen as deeply entrenched 
in the Dutch political culture. Last, more explicitly connected to the decision-making pro-
cess relating to the institutionalization of TA, it should be mentioned that partisan politics 
and parliamentary majorities played an important role, as different parties had different 
views of how a TA organization should be institutionalized.
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• Output
Ultimately, the Netherlands Office for Technology Assessment (NOTA) was installed in 
June 1986, by Wim Deetman, minister of Science and Education. Deetman, a Christian 
Democrat, made a compromise of suggested alternatives, but still close to the prefer-
ence of his own party, namely by setting up a small independent TA bureau as one of the 
institutes of the KNAW. It would have a board appointed by the minister of Education 
and Science, with nominees from the KNAW and WRR. In its installation decree TA was 
described along the lines of the aforementioned Rathenau-report: 

“the entirety of activities and all methods applied to that end to study as early as possible 
the various aspects and consequences of a technological or scientific development for 
(various groups in) society, preferably coherently, with the purpose to embed the technol-
ogy or the discipline involved in society” (in: Van Eijndhoven, 2000, p.152). 

The working definition of TA by NOTA would later read: 

“TA is the systematic identification, analysis and evaluation directed at decision-making, of 
the consequences of the introduction and use of science and technology” (NOTA, 1987 in: 
Van Eijndhoven, p.152). 

Van Eijndhoven notes that in NOTA’s approach of TA, on the one hand we see the influ-
ences of the OTA-approach in the working definition of OTA. The approach of NOTA is 
heavily oriented towards policy decision-making and thus primarily oriented towards 
the political sphere. On the other hand, the installation decree reflects the demand for 
TA to smoothen the relationship between S&T and society, as well as attention for the 
possible benefits (Smits & Leyten, 1991). In terms of institutionalization, NOTA was not 
institutionalized closely to parliament, in stark contrast of OTA. In fact, in its beginnings it 
was unclear who NOTA’s primary client was (Van Eijndhoven, 2000).

Last, we note that within the board of and bureau of NOTA there were discussions on ap-
proaching TA as to more directly influence technology in a ‘constructive’ manner. A more 
theoretically oriented group around NOTA started to develop what would become known 
as ‘Constructive Technology Assessment’ (Daey Ouwens et al., 1987 in: Van Eijndhoven, 
2000), that would become very important for the Dutch TA landscape later (see 3.3.). 
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5.  Second wave: broadening the scope of technology 
assessment

By the end of the eighties, TA was embraced in Europe, including the Netherlands. Parlia-
mentary TA was primarily oriented towards the political sphere, i.e. to contribute to better 
policy-making on issues relating to S&T, through (consequentialistic) analysis and evalu-
ation of its potential impact. However, in the light of new technological developments, 
notably relating to biotechnology, the problem that the analytical scope of TA was too 
narrow, became clear. The development of biotechnology, namely gave rise to broader 
ethical questions relating to desirability and normativity of envisaged applications. In 
response, a second wave of TA emerged in which normative issues relating to S&T would 
become crucial in what now is considered the ethical turn. In this wave TA broadened 
its scope in two ways: first in terms of the type of issues (substance) that are examined, 
which, secondly, also had consequences as to who should be involved (process). The latter 
is now often being referred to as the participatory turn. 

As a result, three important novel modes of TA or TA-related practices emerged. First, 
through participatory Technology Assessment (pTA) citizens and stakeholders (such as 
civil society organizations) would be included in the assessment process. Relatedly, the 
idea of TA as a means to contribute to the societal debate on S&T gained importance 
as well. This meant that, next to the political sphere, TA started to expand its scope to 
the societal sphere. Furthermore, to strengthen ethical assessment of emerging S&T for 
policy-makers, several ethics committees were established, as well as programmes dedi-
cated to examining ethical, legal and societal aspects (ELSA), aiming to accompany large 
science and technology research programmes with such assessment. The latter implying 
that interaction with the science and technology sphere would also be explored. 

This chapter discusses the institutionalization of all three modes in the Netherlands. It first 
discusses the (overlapping) problem and political streams that informed this institutional-
ization. In order to do justice to the diversity in policy ideas that informed the emergence 
of pTA in the Netherlands on the one hand, and (bio-)ethics advisory councils and ELSA 
in the Netherlands on the other, these are discussed in separate sections. The entire time 
frame of the developments discussed roughly spans from the late 80s to the mid 2000s. 

• Problem stream
As mentioned before, the relation between S&T and society was strained by the beginning 
of the 80s. This for instance became clear with regard to developments relating to ozone 
depletion, micro-electronics and nuclear energy, which all caused societal concern and in 
the case of the latter, also fierce demonstrations. Then, in 1986, the catastrophic Chernobyl 
disaster took place, halting plans for additional nuclear power plants in the Netherlands 
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(Van Est et al., 2002). Important examples of developments in S&T include the revolution-
ary rise of ICT and the internet, as well as the emergence of cellular telephones, which 
changed Dutch society in numerous ways. While society was overall positive towards such 
developments, also concerns about privacy emerged (Kool et al., 2017). 

This section focusses specifically on the advances made in biotechnology and genomics, 
which led to new problems and accordingly, to societal and political discussion. Due to de-
velopments in rDNA at first, and later because of broader developments in biotechnology 
and human genetics, it became clear that concerns do not only relate to issues regarding 
risks for the environment or health. Such developments rather also led to fundamental 
questions relating to the normative desirability of possible technologies, connected to 
one’s worldviews, values and moral beliefs. One would find little doubts with regards to 
the acceptability of a nuclear powerplant exploding, but whether or not cloning human 
beings or animals should be allowed are much more ambiguous issues. In short, as a 
result of developments in biotechnology and genetics, the ethical aspects of S&T would 
gain increasing attention (ibid.). 

Particularly relevant in this context were advances made in research on human embryos, 
stem cells and human genetics and genomics. The most notable example of the latter 
is the Human Genome Project (HGP), which was announced in 1988 and established in 
1990 (Zwart et al., 2014). In 1997, five years after the ‘creation’ of the first transgenic bull 
‘Herman’, scientists in Scotland presented ‘Dolly’ the first ever cloned sheep. This sparked 
debate about the desirability of cloning mammals and evidently – of human beings. 
Furthermore, agro-biotechnology was increasingly pursued, which was met with fierce 
societal resistance (Coles et al., 2015; Levidow & Carr, 2010). In the 90s biotechnology 
thus turned from something that only happened in the laboratory, into something that 
bears societal relevance and accordingly led to intense societal and political debate on 
a worldwide scale (Kool et al. 2017). As a result, bio-ethical topics received considerable 
attention from intergovernmental organizations, such as the Council of Europe, which in 
1997 proclaimed the European Convention on Human Rights and Biomedicine (Treaty of 
Oviedo).15 Similarly, also in the Netherlands ethical questions gained importance in the 
Dutch societal and political discourse. In addition to the emergence of such new questions, 
it is important to note that earlier interventions did not succeed in preventing widespread 
societal controversies relating to S&T and reorientation of TA was thus called for. 

15 Particularly interesting in the context of pTA, the Treaty of Oviedo explicitly addresses the importance of stimulating 
public debate on developments relating to biomedicine. Art. 26 reads: “parties to this Convention shall see to it 
that the fundamental questions raised by the developments of biology and medicine are the subject of appropriate 
public discussion in the light, in particular, of relevant medical, social, economic, ethical and legal implications, and 
that their possible application is made the subject of appropriate consultation”.
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• Politics stream 
In the period from the late 80s until the mid 90s, the fall of the Berlin wall in 1989 and 
the dissolution of the Soviet Union in 1991 shook the international political landscape. 
In contrast, the political situation in the Netherlands was stable. From 1982 until 1994 
was governed by a cabinet led by prime minister Lubbers, from Christian Democrat party 
(CDA). In light of the economic and employment situation, Lubbers’ cabinets cut back on 
government budgets and initiated economic reforms (Parlement.com, n.d.-b). In this light, 
Lubbers initiated economic liberalization and privatization (e.g. the energy sector) which 
would be further pursued by successors (Schenk & Hulsink, 1998). After the three cabi-
net periods led by Lubbers, subsequent coalitions were led by Kok (Labour Party, PvdA) 
from 1994 until 2002 and later by Balkenende (Christian Democrat), all of which were 
supportive of institutionalized TA in the Netherlands, as well as receptive towards novel 
ideas of intervening in the S&T and society relationship and improving policy through 
TA. Such political support is however not self-evident, as illustrated by the sudden and 
unexpected shutdown of OTA in the U.S in 1996. During the Clinton administration, the 
Republican Party gained control over the House of Representatives, as well as the Senate 
after midterm elections and voted to cut funding of OTA. Given the international visibility 
of OTA – and thus of TA as such – some worried about the future of TA as such. In the 
words of Bimber and Guston: “the loss of OTA leaves technology assessment apparently 
mired in uncertainty – if not threatened with extinction. With OTA gone, some wonder 
what is left of technology assessment” (1997, p.125).16 

While not immediately affecting the discourse on TA, important changes in the political 
landscape started to take place, notably by novel societal voices making their way to par-
liament. First, in 1989, a combined list of candidates made up of representatives from four 
left-wing political parties led to successful elections in the Dutch parliament under the 
heading of the ‘rainbow coalition’ (regenboogcoalitie). These political parties dissolved 
and in 1990 merged into GreenLeft (GroenLinks), which in 1994 is elected in parliament 
(Lucardie & Voerman, 2003) and with it new critical voices regarding to the impact of S&T, 
as well as calls for sustainability emerged in the Dutch parliamentary arena (Rerimassie, 
2016b). Less connected to S&T, but important to typify the Dutch political climate in this 
period in time, a couple of years later, new right-wing voices, heavily critical about immi-
gration and Islam, would gain importance. After the terrorist attacks 11 September 2001, 
this discourse intensified. A leading figure herein was Pim Fortuyn, whose assassination in 
2006 shook the Netherlands (Jones & Böcker, 2007). 

16 In the face of the emergence of nanotechnology, TA would however, be resurged in the scientific community after 
the turn of the century (cf. Guston & Sarewitz, 2002). Furthermore, in recent years, there is a renewed interest in 
parliamentary TA (and an OTA) in the United States (see e.g. Congressional Research Service, 2020).
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From a societal point of view, a number of trends discussed as in the former politics 
stream, continued to develop. Particularly relevant for the context of participatory TA, are 
the following. First, the poldermodel became commonplace as civil society groups would 
join the negotiation tables on a regular basis. Furthermore, the process of emancipation 
(in the face of the Dutch socio-cultural ‘pillars’) led to secularization, detraditionaliza-
tion and individualization, while at the same time new communities formed as well. In 
turn, this leads to societal pluriformity, for instance in terms of values (Duyvendak, 2004). 
Evidently, this has bearing on the societal understanding of S&T as well. 

5.1  The emergence of participatory technology assessment in the 
Netherlands

After having discussed the problem and politics streams relevant for this period, this 
section addresses the emergence of Participatory Technology Assessment (pTA) in the 
Netherlands as one response to the newly emerging (broader) ethical questions on S&T. 
It particularly zooms in on how the Rathenau Instituut (formerly named NOTA) would 
experiment with participatory approaches, as well as the institutionalization of the so-
called ‘Platform for Science and Ethics’.

• Policy ideas stream
In terms of the policy stream a number of important ideas were formulated on how to 
respond to developments in S&T and concerns, notably concerning the ethical questions 
that emerged in the context of biotechnologies and genetics. In this section discusses 
relevant policy ideas, articulated in parliament, government, NOTA and the emerging 
European TA community and last, in the field of STS. 

Discussions in parliament on ethical issues relating to S&T took place on a number of 
occasions and parliamentary motion by MP Laning-Boersema calling for a ‘framework 
for debating ethical aspects of research’ was adopted (Parliamentary documents II 1989-
1990, 21 319, nr. 6). In accordance with the motion, Ritzen the minister of Education and 
Science (successor of Deetman) presented such a framework, i.e. aimed at: 

“signaling ethical questions, articulating them as concrete decision-making themes, as well 
as identifying which party or parties hold, or should hold, authority to make binding deci-
sions about such issues” (Parliamentary documents II 1990-1991, 21 319, nr. 12, translation 
VR). 

The framework explicitly distinguishes societal aspects of S&T from ethical aspects. So-
cietal aspects are understood as consequences for job security, safety, the environment, 
societal relations, as well as acceptability and use. Such aspects are expected to already 
be sufficiently addressed by TA activities of NOTA. Or in specific mechanisms, such as the 
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environmental impact assessments, in the case of potential environmental risks (ibid.). 
Ethical questions were seen as a different category of questions, which are not empiri-
cally or technically by nature, but rather flow from principal, normative convictions and 
beliefs about what way of living (together) is desirable or allowed (ibid). The document 
further states that in a pluralistic society, there may be stark differences in convictions 
and conflicts may be emotional, intense and uncertain. How should a society – or govern-
ment – deal with such situations? According to Ritzen, the development of a framework, 
as called for in the motion Laning-Boersma, should contain two sides. A substantive side: 
what should the discussion be about? And a procedural side: who should be involved, 
i.e. in which forum should deliberation take place and how should the deliberation be 
organized (ibid.)?

Turning to NOTA, due to its broadly defined mission and lack of a well-defined client, 
NOTA was struggling with its orientation and approach to TA in its early days. In 1991, 
after internal deliberations, its staff and board concluded that parliament should be the 
foremost client. In 1992 NOTA was evaluated by a committee appointed by the ministry of 
Education and Science. Its report stated that NOTA had a good reputation in the academy 
but that the contribution to (better) decision-making was unclear. Furthermore, it noted 
that its potential societal contribution would require a more process-oriented approach, 
aimed at contributing to societal debate, rather than the scientific approach adopted thus 
far. In this light, it also found the name NOTA (literally translated “Netherlands Office 
of Research on the Aspects of Technology”) unfitting. This was one of the incentives to 
change its name to “Rathenau Instituut” (thus named after the chairman of advisory 
grouped that examined the societal effects of micro-electronics, that played a key role in 
the establishment of TA in the Netherlands).

As mentioned in section 3.1.2, a number of conferences on TA were organized in Europe. 
NOTA organized a conference in Amsterdam in 1987. These conferences contributed to 
the establishment of a European TA community, which allowed exchange on ideas and 
approaches. In order to further this even more, in 1990 EPTA (the European Parliamentary 
Technology Assessment network) was established. Vig and Paschen identified four recur-
ring themes, discussed by the emerging TA community all relating to making TA more 
usable in the different European contexts (2000, pp.16-17):

1. Increased attention for possible benefits of science and technology, contrary to primarily 
focusing on negative, undesirable impacts.

2. Societal needs and problems, as well as demands and expectations of users were consid-
ered a useful starting point for TA, allowing for ‘problem-driven’ assessments, next to the 
more ‘supply-side-oriented’ assessments.
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3. Providing support for strategic decision making on science and technology: a policy instru-
ment to develop and review action options to help bridge the technological supply side 
and the societal demand side. 

4. Public participation, i.e. involvement of non-experts, affected individuals and groups and 
even the public at large in TA is widely considered. In Denmark for example, a consensus 
conference is organized on ‘gene technology in industry and agriculture’ for the first time 
in 1987. 

Experiences regarding public participation in Denmark were relevant and inspirational 
for the demand towards the Rathenau Instituut to move to a more process-oriented ap-
proach, aimed at contributing to societal debate. 

Furthermore, important academic contributions were made in this period that (at first) 
modestly started to inform the (international) discourse about TA (e.g. Rip, 1986). The 
(then) emerging field of Science and Technology Studies (STS), which played an important 
role in challenging dominant ideas of technological determinism, will be highlighted. 
Technological determinism refers to the idea that technology cannot be influenced but 
rather determines society (Grunwald & Achternbosch, 2013). Within this perspective, 
technology is not designable and controllable; the course of technological development 
is a result of internal and inherent dynamics. This implies that society and policy-makers 
should therefore not aim at steering technology, since this is impossible in principle. 
Accordingly, they should prepare themselves for the new technologies that would 
inevitably come and try to deal with their impacts (ibid). Evidently, this is linked with 
the early warning orientations of TA. STS research, building on Social Constructivism, 
however, proved technological determinism flawed. Scholars like Bijker, Pinch, Hughes 
and Law demonstrated that technology is socially constructed and influenced by different 
societal groups and institutions. Against this backdrop, the development of technology is 
the result of societal processes of meaning giving, negotiating, and decision-making, in 
which values and interests of involved actors play a crucial role (Bijker et al., 1987; Bijker 
& Law, 1994). The so-called theory of Social Construction of Technology (SCOT), they put 
forward, highlighted in a radical manner the importance of decision-making processes 
involving many different actors at all stages of technological development, opening up 
S&T for democratization (ibid.; Grunwald & Achternbosch, 2013). 

• Output: participatory TA at the Rathenau Instituut & Platform Wetenschap en Ethiek
In the light of the developments and deliberations discussed in this section, the Rathenau 
Instituut reoriented its OTA-inspired scientific approach, to a mode in which stimulating 
debate became more prominent. While TA was originally conceived of as an analytic activ-
ity, aimed at providing decision makers with analyses of effects of a technology. Early 
in the history of TA, it became clear that assessment projects should involve multiple 
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perspectives. In the United States, this led to stakeholder involvement in the analysis. In 
a number of European countries, forms of TA developed in which the analytic product 
became of relatively minor importance compared to the interactive process (Van Eijnd-
hoven, 1997). This applies to the Netherlands, where the Rathenau Instituut started to 
experiment with forms of interactive TA (Grin et al., 1997) or participatory TA (pTA), aim-
ing to involve experts, stakeholders and laypeople in TA processes (Van Est et al., 2002; 
Van Est, 2000)

Inspired by participatory approaches organized in Denmark (Klüver, 2002), in 1993 a 
consensus conference-inspired event, involving a panel of laypeople, was organized on 
whether or not genetic modification of animals should be allowed. As opposed to the 
Danish consensus model, in the Dutch ‘Public Debate’ the lay panel was not asked to 
reach consensus, but rather to “clarify the spectrum of opinions that existed among 
citizens” (Van Est et al. 2002, p. 111). Furthermore, PWT was involved, which intended 
to introduce the subject to Dutch society in order to stimulate and broaden the debate 
on biotechnology. For the Rathenau Instituut, the goals of the Public Debate were ex-
perimental and aimed at methodological development. Genetic modification of animals 
was selected as a topic, since it caused public controversy and received substantial media 
coverage, particularly regarding Herman, the first transgenic bull. A lay panel consisting 
of sixteen members, selected after a recruitment procedure, acted as key participants in 
the debate. The panel was facilitated in several ways, for instance through presentations 
from experts. The event was attended by an audience of about 150 persons, including 
two MP’s and fourteen government representatives. Inspired by the rapid speed of the 
developments and the fact that experts were not clear enough about scientific aims and 
future perspectives, the majority of the panel pleaded for a moratorium. Only exceptions 
for generally accepted scientific aims were to be allowed (Van Est et al. 2002). This so-
called the ‘No-unless-approach’ is still reflected in current policy, albeit it is difficult to 
ascribe this view solely to this event.

More broadly speaking, in its framework for debating ethical aspects of research, the 
Dutch government, pleaded for organization of such debates and asked the Rathenau 
Instituut to pick up this task, in collaboration with several advisory bodies, such as the 
Dutch Health Council. As a result, in 1994, the so-called Platform on Science and Eth-
ics (Platform Wetenschap en Ethiek, PWE) was set up. Under this banner, the Rathenau 
Instituut experimented with participation methods and debates about normative issues 
of S&T, which would later become stock approaches of the institute (Van Est et al. 2002; 
Kool et al., 2017). The Platform experiment was evaluated in 1997 and subsequently insti-
tutionalized permanently within the Rathenau Instituut which can be viewed as structural 
institutionalization of pTA in the Netherlands. In order to reflect on its experiences and 
further develop its expertise and methods to organize interaction between experts and 
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laypeople a comprehensive interactive TA approach was developed (Grin et al., 1997) that 
would become important for the Rathenau Instituut. 

How would this new mode of TA be understood? First, Van Est (2000) distinguishes two 
categories of pTA: when experts and/or stakeholders (businesses, NGO’s etc.) become 
involved in the TA process, he speaks of expert-stakeholder pTA, and of public pTA when 
citizens or lay people play a central role in the method, aimed at giving the voice of citizens 
a proper place within the social debate on a certain technology-related topic, as well as 
stimulate public debate around that topic. Relatedly, Joss (2002) positions pTA at the in-
terface between politics and public discourse. pTA does not start and stop with the formal 
assessment process but continues in the political sphere, different specialist spheres, as 
well as the public sphere (in my conceptualization ‘societal sphere’). He understands pTA 
— rather than as a singular, temporary, and spatially limited point disconnected from wider 
public discourse — as a continuum of various, differently shaped events and processes 
aimed at assessing and debating socio-technological issues (Joss, 2002) Furthermore, 
it should be noted that the institutional motivations for pTA may differ widely. Stirling 
(2008) (although referring more specifically to public engagement) identified three major 
motivations. One of the most (communicated) reasons, such as was the case in the Dutch 
Public Debate, is the substantive one, i.e. participation is organized in order to broaden 
the debate by tapping into diverse sources of social knowledge, values and meanings. In 
addition, Stirling observed a normative reason, which views involvement of citizens as 
important in the light of democracy, equity and justice and considered to have weight 
in the political decision-making process. Third, an instrumental reason, focused on the 
effects of participation on the engaged public, sometimes guided by the presumption that 
increased knowledge and engagement will also increase public acceptance. Moreover, 
pTA can be understood in relation to transdisciplinary research, which developed in the 
1980s and early 1990s (Bunders et al., 2010). According to Bunders and colleagues multi- 
and interdisciplinary research can be placed on a continuum between monodisciplinary 
research and transdisciplinary research, where transdisciplinarity can be defined as: 

“a new form of learning and problem-solving involving co-operation between different parts 
of society and science in order to meet complex challenges of society. Transdisciplinary 
research starts from tangible, real-world problems. Solutions are devised in collaboration 
with multiple stakeholders” (Thompson Klein et al., 2001, in: Bunders et al., 2010, p.127).

Ever since its conception, TA drew from multiple disciplines, and pTA’s orientation towards 
real-world problems, in conjunction with stakeholder involvement coincided with broader 
trends in knowledge production. 
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5.2  The emergence of (bio-)ethics advisory councils and ELSA in the 
Netherlands

In order to deal with ethical questions relating to S&T in a constructive manner, pTA thus 
has been an important institutional response. However, in order to govern such funda-
mental issues in an effective manner, a broader response was warranted according to 
the Dutch government. Accordingly, this section discusses the emergence of (bio)ethics 
advisory councils, as well as research on the ethical, legal and societal aspects of S&T 
(ELSA) in the Netherlands. While both could be viewed as separate from the discourse on 
TA, I consider both (bio-)ethics advisory councils and ELSA – similarly as TA – as policy or 
governance instruments aimed at constructively intervening in the relation between S&T 
and society, which therefore should be included in the analysis. The timeframe in this 
section spans from about the 90s to the mid2000s. Furthermore, I recall that this section 
builds on the problem and politics streams as already outlined in section 3.2. 

• Policy ideas stream
As discussed under section 3.2.1 ethical issues relating to S&T were subject of parliamen-
tary debate and a parliamentary motion by MP Laning-Boersema calling for a ‘framework 
for debating ethical aspects of research’ was adopted. In response, the Dutch govern-
ment presented a ‘framework for debating ethical aspects of research’. This framework 
explicitly called for attention for ethical issues of S&T, i.e. questions relating to desirability 
and normativity, that were seemingly insufficiently addressed by current institutional ar-
rangements (such as classical (P)TA). One response in this regard, was the participatory 
turn, i.e. attention for participation of interest groups and citizens in discussions about 
S&T, discussed in the previous section. But, dealing with ethical questions relating to S&T, 
warranted a broader institutional response. Next to participation, expert advice was con-
sidered of crucial importance; the framework calls for analysis and foundation of values, 
which is articulated as ethical and philosophical research, in which the foundation and 
substance of values are critically assessed.

A number of relevant policy ideas were put forward in this regard. First, medical ethics 
committees, institutionalized within hospitals (modelled to the United States) and test 
(lab) animals ethics – which were significantly formalized and institutionalized in the 80s 
– formed an important source of inspiration for the introduction of new institutions (Kool 
et al. 2017; Jacobs, 2018). Moreover, the emerging field of bioethics, emerged in the 80s 
as a plea to involve professional ethicists in addressing moral dilemmas in medicine and 
healthcare (Zwart et al., 2014) was likewise important. 

Next, the concept of ELSI, i.e. research that aims to anticipate and address ‘ethical, legal 
and societal implications’ of S&T had emerged. ELSI was first proposed in 1988 when DNA-
research pioneer James Watson, at the press conference announced his appointment as 



2

THE HISTORICAL AND CONCEPTUAL DEVELOPMENT OF TA IN THE NETHERLANDS

67

director of the Human Genome Project (HGP). Watson declared that the ethical and social 
implications of genomics warranted special effort and should be funded. Like the HGP, its 
accompanying ELSI program was formally established in 1990. Its mission was to anticipate 
and address the ethical, legal, and social implications of genetic and genomic research 
(Zwart et al., 2014). Meanwhile the European Union had started to adopt policies aimed 
at enhancing the relationship between society and S&T. In 1994 the European Union’s 
4th Framework Programme funding scheme introduced the label of ELSA. Contrary to the 
U.S., the European Commission spoke of aspects (A) rather than implications (I), which 
was generally seen as an effort to broaden the scope of the research and to moreover, 
avoid the flawed (technological deterministic) linearity implied by ‘implications’ (Wickson 
et al., 2015 in: Zwart et al., 2014). 

The increasing importance of ethical issues relating to S&T in both societal and political 
spheres was acknowledged by ethical and philosophical scholarship in the Netherlands 
(cf. Keulartz et al., 2004). Swierstra (1997) for instance, spoke of the ‘ethical turn in the 
technology debate’ and identified three causes of this turn. First, the focus of the debate 
on S&T had shifted from survival to the good life. While questions regarding S&T predomi-
nantly related to health and environmental risks, due to developments in biotechnology 
and automation, different types of questions started to emerge, like: do plants and animals 
have intrinsic value? Or, how to weigh the conflicting interests of security and privacy? 
Questions that are in line with the assessment of the Dutch government’s framework on 
ethical debates. Second, Swierstra noted that values and norms themselves have become 
the topic of discussion, while prior discussions remained on a more factual level. Last, 
the social allocation of moral responsibility had started to shift. In light of the rejection of 
technological determinism, scientists and engineers were increasingly held (co-)account-
able for the social consequences of their innovations; the science and technology sphere 
thus started to emerge as an important point of entry for TA intervention. In this light, 
different kinds of ethical instruments were being considered, such as professional codes 
and types of moral deliberation during the course of technology development, in which 
professional ethicists could play a valuable role (Ibid.).

• Output: (bio-)ethical advisory councils & the Center for Society and Genomics
In response to the emerging ethical questions relating to S&T, next to the emergence of 
pTA, two types of institutional responses can be identified.

First of all, the idea of ethical expertise was appreciated by Dutch policy-makers. In order to 
mediate the emergence of biotechnology a number of (bio-)ethical advisory organs were 
established. First, in light of the government’s framework for debating ethical aspects of 
research, a temporary Commission on Genetic Modification (VCOGEM) was established 
in 1990, whose task would be to advise the government on risks relating to GMOs. In 
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addition, it would signal (i.e. inform on, not advise on) ethical aspects relating to genetic 
modification, for relevant ministers and secretaries of state. The COGEM would later be 
permanently institutionalized in 1998. Next to the COGEM, a permanent Commission 
on Animal Biotechnology (CBD) was established in 1997 (the successor of a temporary 
commission, established in 1992). The CBD advised on permits for genetic modification 
of animals and conducted an ethical assessment based on requirements laid down in the 
newly established animal health and welfare act (GWDD), as well as assess what kind of 
biotechnological research would be morally justified, in light of biomedical research (Kool 
et al. 2017; Brom, 1997). Later, in the field of medicine and public health, the Center for 
Ethics and Health (CEG) was established, a collaborative effort of the former Council for 
Public Health and Care (RVZ) and the Health Council (Gezondheidsraad), which advised on 
topics relating to the ethics of (biomedical) S&T subjects on a number of occasions, such 
as xenotransplantation. The task of the CEG is to advise the government on developments 
relating to ethics, health and policy (Kool et al., 2017). 

Furthermore, it is important to note that the Dutch parliament was concerned with the 
vast amount of newly established commissions and to what extent parliament and the 
government could effectively oversee and monitor all of the developments in biotechnol-
ogy. Against this backdrop, and also heavily inspired by a WRR report on decision-making 
on biotechnology (‘Beslissen over biotechnologie’, 2003) the Dutch government proposed 
to ask aforementioned advisory committees to draft periodical trend analyses about 
developments and dilemmas relating to biotechnology. Such trend analyses could then 
be discussed between relevant ministers and MP’s in parliament, as to secure political 
opinion-making on developments in biotechnology (Parliamentary documents II, 2003-
2004, 27428, nr. 44; Parliamentary documents II, 2003-2004, 27 428, nr. 52).

In this period, we thus witnessed an influx of advisory councils, consisting of professional 
ethicists, philosophers and theologists. While the Rathenau Instituut aimed primarily to 
serve parliament, these advisory councils are institutionalized in closer proximity of the 
government, i.e. the executive branch. 

Furthermore, as mentioned before, the social allocation of moral responsibility had 
started to shift: scientists and engineers were increasingly held socially (co-)accountable 
for their innovations. In this light, another institutional innovation envisaged, as to deal 
with ethical questions relating to emerging S&T, namely ELSA, Inspired by the U.S. ELSI-
programme of the Human Genome Project and initiatives from the European Commission. 
In the Netherlands, the Netherlands Genomics Initiative (NGI) was established and 5% of 
its government funding was allocated for ELSA activities. In this context, the Center for 
Society and Genomics (CSG) was established in 2004 (Zwart et al., 2014). The CSG evolved 
into a large-scale center for interactive research and communication in collaboration with 
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the other fifteen centers of the NGI. 25 million euros were available for research, com-
munication and education. Zwart, then director of the CSG, and colleagues noted the 
following about the CSG as a new institutional arrangement: 

“It was regarded as a test-bed for a new style of doing research, as well as for setting up a 
new type or organization. As a national Research Center, CSG developed a relatively open 
network of trans-university collaborations for developing and conducting an interactive 
research programme of substantial size. (...) A key feature of the program consisted in 
proximity to (and collaboration with) prominent large-scale life sciences research programs. 
Virtually all research projects of the CSG program entailed collaborations or at least interac-
tions with genomics research centers at various stages of the research trajectory” (ibid., 
pp.8-9). 

In positioning ELSA in relation to earlier approaches in research engaging with S&T, Zwart 
and Nelis (2009) observed the following. First of all, ELSA should not be seen as a new 
‘discipline’ or area of research, but rather, as a particular style of doing research or basic 
methodological attitude, that may apply to all disciplines involved. According to the au-
thors, ELSA research involves (Zwart and Nelis 2009 in: Zwart et al. 2014, pp.10):

- Proximity to life science research
- An anticipatory, forward-looking approach; a focus on the agenda-setting and design 

stages of innovation trajectories, rather than on the product stage
- Interaction with a broad range of societal stakeholders (media, policy, NGO, industry) as 

integral part of the research
- Interdisciplinarity: ELSA research as a converging field involving a broad range of disci-

plines (philosophy of science, bioethics, social science, TA, STS, innovation studies, science 
communication etc.)

- A focus on micro-analysis (case studies) rather than on macro analysis (socio-economic 
studies)

- A tendency to draw on a wide variety of sources: from academic philosophy via policy 
reports up to media coverage of public debates and genres of the imagination (novels, 
plays, movies and the like)

In sum, in the late 80s until the mid 2000s, three new ways to constructively intervene in 
the relationship between S&T and society developed, which for a large part can be under-
stood as a response to the need for attention for ethical issues of emerging technologies. 
First of all, pTA presents a new mode of TA, that similar to Classical TA, is still geared 
towards the political sphere, but explicitly extends TA to the societal sphere in a novel 
attempt to constructively intervene in the problematic relationship by S&T and society. 
First, by actively including stakeholders and citizens in (policy-making) discussions on S&T 
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related subjects. Second, pTA interventions are also aimed at (indirectly) stimulating soci-
etal debate on S&T. In retrospective, this change in dealing with the relationship between 
S&T and society is referred to as the participatory turn (Zwart et al., 2014). Second, a 
number of ethics advisory committees were established that would inform the govern-
ment about developments in e.g. biotechnology and biomedicine and, particularly on 
the ethical issues raised. In terms of societal spheres, such advisory bodies are evidently 
geared towards the political sphere, predominantly in support of the executive.17 While 
the political sphere and societal sphere were already addressed through earlier TA modes, 
thirdly, ELSA aspired to intervene in the actual design stages of innovation trajectories, 
thus experimenting with explicitly addressing the science and technology sphere. This 
trend would gain major importance in the third wave of TA in the Netherlands. Taking 
stock, in comparison with the first wave, TA practice in the second wave demanded new, 
broader forms of expertise and skills, such as ethical expertise and process facilitation 
skills. In this sense, TA thus continued to broaden in terms of multi- and transdisciplinarity. 

6.  Third wave: upstream engagement, constructive technology 
assessment and responsible research and innovation

In the previous section, I discussed how multiple developments relating to biotechnology 
and biomedicine were met with a broad institutional response. In the wake of the 1986 
Chernobyl disaster and developments in biotechnology it especially became clear that 
concerns relate to environmental and health risks, but also to broader ethical aspects of 
possible technologies. Accordingly, the understanding of S&T related problems broad-
ened, and in order to be responsive TA practices had to broaden as well. It did so in 
two complementing ways: first, through stakeholder and citizen participation (combined 
with broader aims to facilitate societal debate on emerging S&T) and second, through 
ethical assessment of S&T. This broadening of TA is reflected in definitions of TA that were 
formulated around the end of the second wave. For instance, this definition formulated in 
the context of the EU funded project TAMI (Technology Assessment in Europe: between 
Method and Impact), which ran from 2002 until 2004, describes TA as: 

17 At this point it is interesting to note that in the first half of the decade the Christian Democrats (CDA) repeated their 
plea to instigate a National Council for Ethics and Biotechnology. According to CDA MP Ormel, the aforementioned 
trend analyses can pick up indicators from society, but fell short when it comes political agenda-setting. Accord-
ing to him, a National Council for Ethics and Biotechnology could help to achieve this. At the end of 2006, Van 
Geel, State Secretary of Housing, Spatial Planning and Environment (VROM) organized a conference to discuss the 
added benefit of such a council (De Vriend, 2006b). The conference participants felt that ethical issues concerning 
biotechnology required more structural consideration, but the majority did not see sufficient beneficial value in a 
national council and consequently, no such National Council for Ethics and Biotechnology was formed (Parliamen-
tary documents II, 2006-2007, 27 428, nr. 85; Kool et al. 2017). 
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“a scientific, interactive and communicative process which aims to contribute to the forma-
tion of public and political opinion on societal aspects of science and technology”. (Decker 
et al., 2004)

According to Grunwald (2018), TAMI’s project leader, this definition represents the large 
variety of TA practices and moreover was approved by the partnering institutions (in-
cluding several European TA institutes), but at the same time lacks in specificity. Another 
important definition was formulated by Guston and Sarewitz, which reads:

“TA is a wide category encompassing an array of policy analytic, economic, ethical, and 
other social science research that attempts to anticipate how research and research-based 
technologies will interact with societal systems” (Guston & Sarewitz, 2002, pp.94-95). 

Grunwald observes that this definition highlights the interdisciplinary and anticipatory 
nature of TA (the latter is particularly relevant for the following section). However, again 
it is not very specific. At the same time, both definitions are valuable as they aggregate 
important characteristics and the spirit of TA at that moment in time. 

Looking at TA practice in the Netherlands, several TA-inspired interventions were un-
dertaken regarding the development of biotechnology and biomedicine, yet could not 
prevent harsh, paralyzing public discussions. With the turn of the century, a new field of 
S&T would gain a lot of attraction: nanotechnology. In the wake of contested develop-
ments in biotechnology, dealing with nanotechnology in a different way would become an 
important challenge, partially responsible for sparking a third wave of TA. Two manifest 
problems were of particular importance: firstly, the perception that TA interventions (still) 
occurred too late, to make meaningful impact. Secondly, the view that scientists and en-
gineers ought to be more accountable for the societal impact of their innovations, gained 
importance. In response of these problems, the third wave of TA can be characterized by 
two important reorientations: first, the notion that TA inspired interventions, including 
involving publics, should take place at a much earlier stage of technology development. 
Second, building on experiences in ELSA, the idea to influence the actual technology de-
sign process itself gained even more importance. This meant that intensifying interaction 
with the science and technology sphere would become crucial for TA. 

In this section I will first focus on the role of constructive TA (CTA) and Upstream Public 
Engagement in this regard and later the concept of Responsible Research and Innovation 
(RRI). As will be shown in this section, such approaches led to a comprehensive institu-
tional engagement with developments in nanotechnology and beyond, in which interven-
tions in all three spheres, i.e. societal, political and science and technology spheres were 
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pursued. The timeframe of the events discussed, spans about the first two decades of the 
21st century. 

6.1  Constructive technology assessment and upstream public engagement 
in the Netherlands

• Problem stream
As already mentioned in the introduction of this section, a number of public debates on 
S&T were organized in the Netherlands, such as on xenotransplantation and genetically 
modified foods (‘Eten en Genen’) (Kool et al. 2017). Yet, in spite of such initiatives, the 
relationship between society and S&T remained strained, as developments in biotechnol-
ogy – particularly concerning genetically modified foods – would continue to be met with 
fierce and paralyzing societal resistance (Coles et al., 2015; Hanssen, 2009; Levidow & 
Carr, 2010). In the Netherlands, the troubled relation between S&T and society could 
be partially explained by the ambiguity of the contributions of participatory initiatives 
to the actual policy-making decisions (cf. Hennen, 2012). This became particularly clear 
in the context of ‘Eten en Genen’ in 2001 (Hanssen 2009; Van Est et al., 2012). Fifteen 
(environmental) NGOs that were supposed to participate, withdrew from the public 
debate trajectory, due to a lack of trust in the (openness of the) process (Greenpeace, 
n.d.). In spite of such interventions undertaken during the development of biotechnology 
and biomedicine, this could however not prevent harsh, paralyzing public discussions, 
culminating into mutual distrust of several actors involved, that is still palpable (see e.g. 
Le Blansch & Schuurbiers, 2018). When nanotechnology gained traction around the turn 
of the century, the need was felt to prevent such contestation. To quote Wilsdon and 
Willis: “policy-makers and the science community are desperate to avoid nanotechnology 
becoming ‘the next GM’. The wounds of that battle are still raw, and there is little appetite 
for a rerun” (2004, p.19). This certainly applied to the Netherlands as well. 

In the Netherlands, nanotechnology was put on the agenda first through a foresight (Ten 
Wolde, 1998) conducted by the Dutch Study Centre for Technology Trends (STT). The 
study showed the importance of nanotechnology for electronics, materials, molecular 
engineering and instrumentation. Furthermore, it called for attention for issues relating 
to the potential safety hazards of nanoparticles (Van Est et al., 2012). While the potential 
of nanotechnology was widely met with enthusiasm, concerns about ‘nanosafety’ grew 
stronger as well. The Canadian action group ETC (Action Group on Erosion, Technology and 
Concentration) called for a moratorium in their publication ‘The Big Down’ (ETC Group, 
2003). This report received worldwide attention. The fact that the UK's Prince Charles 
publicly shared its concerns played an important role herein. In the European Parliament, 
the Greens organized a debate for which the ETC group was invited. Meanwhile attention 
for nanotechnology grew in the Netherlands. An expert committee of the Dutch Royal 
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Academy of Sciences (KNAW) published an advisory report for the government and also 
pleaded for early public and stakeholder involvement, as well as attention for ethical is-
sues (Koeman et al., 2004). The report was inspired by the British Royal Society and Royal 
Academy of Engineering (RS-RAE), that amongst others called for “a constructive and pro-
active debate about the future of nanotechnologies [to] be undertaken now – at a stage 
when it can inform key decisions about their development and before deeply entrenched 
or polarized positions appear” (Royal Society and Royal Academy of Engineering, 2004, 
p.xi). This resonated strongly with the strong TA and STS tradition in the Netherlands, as 
well as with the unsatisfactory experiences with for instance, the aforementioned ‘Eten & 
Genen’ debate. Furthermore, it should be noted that concerns were not only voiced about 
potential risks of nanomaterials. For instance, the Health Council (2006) drew attention 
for broader ethical concerns, for instance relating to the potential of nanotechnology 
regarding human enhancement. Ultimately, also due to efforts of the Rathenau Instituut, 
the emerging debate on nanotechnology became a topic for the Dutch parliamentary 
theme commission on science policy by the end of 2004 (Van Est et al., 2012).

While the development of nanotechnology in itself pose enormous challenges for policy-
makers, another challenging development was recognized, inspired by the events in 
nanotechnology, namely that of technological convergence: the synergistic combination 
of technologies, in which nanotechnology is often viewed as an important enabler (for 
instance, due to possibilities regarding miniaturization). This development of converg-
ing technologies gained worldwide attention, due to two seminal essays, by computer 
pioneers and entrepreneurs Bill Joy and Ray Kurzweil. In his article for Wired with the 
telling title ‘Why The Future Doesn’t Need us’, Bill Joy argued that 21st-century tech-
nologies, notably robotics, genetic engineering, and nanotechnology – and their potential 
convergence – are threatening to make humans an endangered species (Joy, 2000). He for 
instance, notes that: 

“Knowing is not a rationale for not acting. Can we doubt that knowledge has become a 
weapon we wield against ourselves? The experiences of the atomic scientists clearly show 
the need to take personal responsibility, the danger that things will move too fast, and the 
way in which a process can take on a life of its own. We can, as they did, create insurmount-
able problems in almost no time flat. We must do more thinking up front if we are not to be 
similarly surprised and shocked by the consequences of our inventions” (ibid.).

Accordingly, the radical position Joy took was relinquishment: “to limit development of 
the technologies that are too dangerous, by limiting our pursuit of certain kinds of knowl-
edge” (ibid). Ray Kurzweil (2000) wrote a rebuttal in Interactive Week a couple of months 
later. While acknowledging Joy’s concerns in part, Kurzweil argues that scientific advance-
ment is too important and that the dystopian scenarios painted by Joy could certainly be 



CHAPTER 2

74

prevented through regulatory oversight and law enforcement, as well as technologists 
taking responsibility: “[a]s responsible technologists, our ethics should include such ‘fine-
grained’ relinquishment, among other professional ethical guidelines” (ibid.). 

The concept of converging technologies would later be primarily discussed under the 
heading of NBIC-convergence: the synergetic convergence of nanotechnology, biotech-
nology, information technology and cognitive sciences and technologies. Consider for 
instance, brain implants, a technological innovation that would need to draw from several 
of the aforementioned disciplines (Roco & Bainbridge, 2003). Importantly, from the outset 
the idea of NBIC-convergence was connected to human enhancement. For instance, the 
United States National Science Foundation and Department of Commerce commissioned 
research hereon, which culminated into a report edited by Roco and Bainbridge with 
the telling title ‘Converging technologies for improving human performance’ (Ibid.). The 
European Commission also gained an interest in NBIC-convergence, conceiving it as a new 
technological wave, and commissioned a high-level expert group to draft a report hereon 
(Nordmann, 2004). In the Netherlands, the Rathenau Instituut put NBIC-convergence on 
the political agenda on several accounts (Swierstra et al., 2009; Van Est et al., 2012). 

In sum, the developments in nanotechnology and NBIC-convergence were met with en-
thusiasm, but also raised concerns. While safety concerns played a central role in discus-
sions about nanotechnology, the discourse on NBIC-convergence widened the scope of 
the issues, as to include questions relating to normative desirability and morality, e.g. in 
the light of human enhancement. 

• Policy ideas stream
Given its economic potential and possible societally beneficial applications, the Dutch 
government gained an interest in stimulating nanotechnology research. Accordingly, the 
challenge that emerged was how benefits could be reaped, while mitigating potential 
hazards and simultaneously, establish and maintain public trust in doing so. Moreover, 
institutional arrangements were taken within the Dutch government to develop policy on 
the multifaceted field of nanotechnology and to position the Netherlands in international 
contexts. Drawing from a wide range of reports and earlier deliberations with parlia-
ment, the Dutch government formulated a policy paper, a ‘cabinet view’ (Kabinetsvisie 
Nanotechnologieën, Parliamentary documents II, 2006-2007, 29 338, nr. 54). In order 
to formulate a comprehensive, holistic approach, almost all ministries were involved. 
Against this backdrop, an interdepartmental working group on nanotechnology (Interde-
partementaal Overleg Nanotechnologie, ION) was established, which played a key role in 
formulating the policy paper. The policy paper paid attention to issues such as identifying 
opportunities, determining a research agenda and coordination thereof. The Dutch Health 
Council (2006) had called for a risk governance scheme as developed by the International 
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Risk Governance Council (Renn, 2005) which was also adopted by the government. Last, 
the need was expressed for identifying and monitoring social and ethical issues, involv-
ing stakeholders as well as organizing a public dialogue. Subsequently the government 
prepared an action plan in which next steps to operationalize policy were formulated 
(Actieplan Nanotechnologie, Parliamentary documents II, 2007-2008, 29 338 nr. 75).

Development of nanotechnology was stimulated through a number of funding schemes. 
Most importantly, a large national public-private research programme, NanoNed, was set 
up which ran from 2005 till 2010, with an overall budget of 235 million euro. This included 
a 50% contribution of involved universities and other knowledge institutes, as a ‘matching 
budget’ (Rip & Van Lente, 2013). 

In parallel, a number of important academic contributions were made regarding mediat-
ing or accompanying the development of nanotechnology, notably stemming from the 
field of STS. First of all, the approach of constructive TA (CTA) will be discussed. The ap-
proach of CTA, was developed in the Netherlands by Arie Rip and colleagues and already 
coined during the period in which NOTA was just established (the late 80s). CTA aims to 
take societal aspects into account at an early stage in technology development, so as to 
broaden its content and direction (Schot & Rip, 1997). In doing so, CTA aspires “to create 
a new democratic negotiating space between the actors involved in the design process 
and actors who are affected by technology”(Van Est & Brom, 2012, p.317) . Rather than 
aimed at influencing policy decisions, CTA aims to insert itself in ongoing technological 
developments, for example through strategy articulation workshops with stakeholders in 
a particular domain of technology (Rip & Van Lente, 2013). Accordingly, in CTA, social sci-
entists, instead of being ‘experts’ themselves, rather play the role of mediators, ‘bridging’ 
separate worlds by organizing dedicated ‘bridging events’ (Zwart et al., 2014). CTA builds 
on the concept of co-evolution put forward by STS scholars. The concept of social construc-
tivism, opposing dominant ideas relating to technological determinism, put forward in the 
90s, was in the meantime criticized for being too optimistic with regard to the malleability 
of technology. For instance, path dependencies, economic forces and irreversibilities in 
technology development were put forward to refute social constructivism (Grunwald & 
Achternbosch, 2013). In response, the concept of co-evolution (of science, technology 
and society) was put forward that takes this critique into account. Co-evolution considers 
technology and society as mutually influencing each other and as being closely linked 
with each other (Geels, 2005; Rip, 2002; Schot & Rip, 1997). This implies that neither 
naive shaping of technology according to societal demand and values is possible, nor is 
society helplessly damned to adapt itself to a self-dynamic technology as technological 
determinism points towards. As Grunwald and Achternbosch (2013) note, the situation 
is thus complex, and while society can influence the development of technology, it is 
considered ambitious (cf. Collingridge, 1980). Yet, in spite of being challenging, societal 
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influence is still very much possible in the end. Accordingly, co-evolution still provides the 
conceptual justification of TA interventions that social constructivism provided earlier on. 
Furthermore, CTA finds support in other STS ideas put forward relating to novel ideas on 
knowledge production. Nowotny et al. (2001) for instance distinguished between ‘mode-
1’ knowledge production in which research is viewed as disciplinary, predictive, and linear, 
while ‘mode-2’ knowledge production is conceived as context-driven, problem-focused, 
interdisciplinary research, oriented on integration of science and technology with society 
and vice versa (Zwart et al., 2014). Lastly, CTA can also be understood in response to 
experiences in ELSA. Rip and Van Lente note that rather than studying ethical, legal and 
social aspects (ELSA) from an outsider’s perspective, CTA aims to facilitate close attention 
to ongoing developments in research and innovation. Accordingly, it aims to “bridge the 
gap between innovation and ELSA” (2013, p.9). 

Next to CTA, academics contributed to ideas relating to the science and society interface. 
Thoughts about the interface between science and society were in this period dominated 
by (what by now is understood as) the ‘public understanding of science (PUS) model’. At its 
foundation lies the so-called information deficit model, according to which scientists are 
viewed as knowledgeable experts, and the public is characterized as having inadequate 
knowledge (Joly & Kaufmann, 2008; Wynne, 2006). The PUS model assumes a one-way, 
top-down communication process in which the scientific community should inform and 
educate the general public about science, in order to address the presupposed deficit 
(and [re]establish trust) (Durant, 1999). Around the start of the century, the PUS model 
became severely criticized and, in response, a public engagement in S&T (PES) approach 
began to emerge (Jasanoff, 2003; Miller, 2001; Wynne, 2006). This was at first, particularly 
notable in the United Kingdom. An influential House of Lords report, with the telling title 
Science and Society (House of Lords Select Committee on Science &Technology, 2000) saw 
the PUS model as a “rather backward-looking vision”, and acknowledged that science had 
to involve itself in a dialogue with the public. 

Around the same time, another idea emerged, namely to engage with S&T in earlier stages 
of innovation than was the case before, discussed under the heading of upstream public 
engagement (Joly & Kaufmann, 2008; Macnaghten, 2009; Pidgeon & Rogers-Hayden, 
2007; Tait, 2009; Wilsdon & Willis, 2004) or early engagement (Doorn et al., 2013). Af-
ter moving from the PUS approach to the PES, Wilsdon and Willis (2004) argued public 
engagement now should move ‘upstream’ as a third phase in the development of public 
engagement. Also here, the emergence of nanotechnology and experiences with biotech-
nology proved an important point of reference. In their pamphlet they for instance quote: 
“much nanotechnology is at an equivalent stage in R&D terms to biotechnology in the late 
1970s or early 1980s. The forms and eventual applications of the technology are not yet 
determined. We still have the opportunity to intervene and improve the social sensitivity 
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of innovation processes at the design-stage – to avoid the mistakes that were made over 
GM and other technologies” (2004, p.18-19). Also, policy-makers and the science commu-
nity in the United Kingdom began to make rhetorical commitments to the upstream public 
engagement’. For instance, the Royal Society and Royal Academy of Engineering (RS-RAE) 
called for “a constructive and proactive debate about the future of nanotechnologies [to] 
be undertaken now – at a stage when it can inform key decisions about their development 
and before deeply entrenched or polarized positions appear” (Royal Society and Royal 
Academy of Engineering, 2004, p.xi). In terms of policy support, the government’s ten-
year strategy (2004-2014) for science and innovation included a commitment “to enable 
[public] debate to take place ‘upstream’ in the scientific and technological development 
process, and not ‘downstream’ where technologies are waiting to be exploited but may 
be held back by public skepticism brought about through poor engagement and dialogue 
on issues of concern” (cited in: Wilsdon & Willis, 2004, p.19). 

• Politics stream
As will be discussed under ‘output’, parliamentary politics played an important role in 
how nanotechnology was addressed from a policy perspective. Several MPs called for 
dedicated policy for nanotechnology and furthermore played an important role in putting 
potential nanosafety risks on the political agenda (Van Est et al., 2012). 

Looking at composition of the Dutch cabinet, for the longest part of the first decade of the 
millennium, coalitions were led by Christian Democrat Balkenende, who led four govern-
ment coalitions between 2002 and 2010 (Parlement.com, n.d.-a). However, none of the 
cabinets finished their term due to different forms of (internal) political issues. One note-
worthy reform was the introduction of the Health Insurance Act (Zorgverzekeringswet) in 
2006, which required all legal residents to obtain health insurance from private insurance 
companies. The previous public health insurance fund (Ziekenfonds) was abolished, mak-
ing private insurance companies the sole providers of health insurance in the Netherlands 
(Naderi & Meier, 2010).

Moreover, the political landscape in the Netherlands continued to change, as new political 
parties would emerge. Twelve years after GroenLinks was elected for the first time, the 
Partij voor de Vrijheid (Party for Freedom), a right wing-oriented nationalist party, man-
aged to gain 9 of 150 seats (Van Kessel & Leenders, 2007). Also in 2006 the ‘Partij voor 
de Dieren’ (animal welfare party) succeeded in being elected with two seats, marking the 
first time worldwide that a political party dedicated to animal welfare became elected 
(ibid.). Both parties continue to remain in parliament, thus radically changing the Dutch 
electoral face of the Netherlands. As already mentioned in section 2.2., the composition 
of the Dutch parliament can (at least in part) be considered as an indicator of the national 
mood. Due to its proportional electoral system, with a fairly low electoral threshold, it is 
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relatively easy for a new party to become represented in parliament. As said, the basic idea 
behind this system is that parliament should represent a ‘microcosm’ of Dutch society, in 
which also minority voices can be heard (Elzinga et al., 2012; Heringa & Kiiver, 2009). The 
fact that novel parties such as GroenLinks, the PVV and Partij voor de Dieren managed 
to permanently establish themselves in parliament, therefore needs to be understood as 
significant changes of the Dutch political mood and ideological shifts. Evidently, this has 
bearing on the parliamentary discussions on S&T. Led by values relating to ecology and 
environmental protection, Groenlinks and the Partij voor de Dieren for instance mani-
fested them as critical voices regarding the use of GMOs (Rerimassie, 2016b) and in the 
debate on nanotechnology also expressed concerns on potential nanosafety issues and 
particularly the uncertainties herein. The PVV on the other hand, predominantly stressed 
the innovation potential of nanotechnology (Parliamentary documents II, 2010-2011, 
29338, nr. 103).

• Output: broad institutional engagement with nanotechnology
This section outlines how the emergence of nanotechnology was met with an unprec-
edented broad institutional engagement in the Netherlands. The goal of this engagement 
was to tackle identified problems, notably that (public) engagement with S&T was initiated 
too late, and additionally that impact of such engagement made an impact on the actual 
development of such S&T. As mentioned in the previous section, parliamentary politics 
played an important role herein. First of all, in 2005, inspired by the earlier KNAW advice, 
several MPs played an important role in compelling the government to develop specific 
policy for nanotechnology as an emerging field (Parliamentary documents II, 2005-2006 
29 338 nr. 42; Van Est et al. 2012). Later, the Dutch parliament, spearheaded by MP 
Sharon Gesthuizen of the Socialist Party – who can be considered a policy entrepreneur – 
played an important role on dealing with potential nanosafety risks; in lieu of (clarity of) 
European legislation hereon, it forced the government, by parliamentary motion, to come 
up with oversight measures and preliminary exposure limits (Parliamentary documents 
II, 2008-2009, 29 338, nr. 84; Van Est et al., 2012). Furthermore, parliament requested 
that 15% of the budget spent on the strategic research agenda for nanotechnology would 
be allocated to risk research, as well as TA research (Policy documents II, 2009, 29 338, 
nrs. 84, 85, 87 & 88). In conjunction with the aforementioned policy plans of the Dutch 
government, the efforts of parliament – at least in part – laid the foundation for a number 
of TA-inspired interventions, undertaken regarding all three spheres. Examples of all three 
will be discussed below. 

First, regarding the S&T sphere, the institutionalization of CTA in the national nanotech-
nology R&D programmes NanoNed and its successor NanoNextNL will be discussed. 
Second, the societal sphere will be elaborated through the example of the ‘National 
Societal Dialogue on Nanotechnology’ (Maatschappelijke Dialoog Nanotechnologie) – 
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heavily inspired by the notion of upstream public engagement. Lastly, I will discuss how 
the Rathenau Instituut supported Dutch MPs in their opinion-making on nanotechnology 
as an example of engaging in the political sphere. 

First of all, looking at the S&T sphere, I consider how CTA was institutionalized in NanoNed 
(2005-2010) and later in NanoNextNL (2010-2016) (Rip & van Lente, 2013; Van Est et al., 
2012). In the early 2000s, the three main nanotechnology centres in the Netherlands 
created the national research consortium NanoNed. Its integrated total budget was 235 
M €, this included a 50% contribution of the universities and other knowledge institutes, 
as a ‘matching budget’. Under the leadership of its chairman David Reinhoudt, NanoNed 
already decided in 2002 to include a TA research programme (Ibid.). This reflected the 
international trend of integrating ELSA research into large research programmes, as dis-
cussed in section 3.2.2. 

From the outset, TA NanoNed’s approach was guided by CTA, and led by Arie Rip, one of 
the founding fathers of this TA approach. Following this approach, activities aimed to take 
societal aspects into account at an early stage in the development of nanotechnologies, 
in order to broaden their content and direction. TA NanoNed positioned itself specifically 
in terms of targeting R&D activities, inspired by the aforementioned objective of ‘bridging 
the gap between innovation and ELSA’, assuming that the Rathenau Instituut address the 
political domain (ibid.). In doing so, CTA activities did not aim to directly inform policy 
decisions, but be inserted in ongoing technological developments, for example, through 
strategy articulation workshops with stakeholders in a particular domain of nanotech-
nology. Later during the program activities broadened towards other topics like ethics, 
risks and images (Rip & Van Lente, 2013). In terms of practical operation, due to financial 
arrangements in NanoNed, the funding of TA NanoNed would be spent on PhD students 
and postdocs, rather than on the creation of a center (as was to be the route in the United 
States). Accordingly, academic output was emphasized (Ibid.). In the end, eight doctoral 
theses were realized, on topics like: divisions of moral labor in nanotechnology (Shelley-
Egan, 2011) and public-sphere type interactions between civil society organizations and 
actors in and around the nano-world (Krabbenborg, 2013). In terms of substance, a total 
of 18 CTA workshops were held. Based on these experiences, a methodology for emerging 
technologies like nanotechnology was successfully developed and ready to be applied, 
including in a consultancy mode (Rip & Van Lente 2013). The de facto impact on nanotech-
nology R&D as pursued in NanoNed however, seems to be diffuse according to Rip and Van 
Lente. They note that ambivalence was visible with the nanotechnology enactors in the 
program, in the new types of interaction with CTA practitioners. On the one hand, they re-
alized that they needed to take societal perspectives into account in order to be successful 
and also felt pressure to pay attention to societal embedding (including possible negative 
reactions). On the other, they were predominantly concerned with the advancement of 
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nanotechnology innovations. Having said this, they nevertheless observed constructive 
impacts. Workshops on Lab-on-Chip technology for instance demonstrated for involved 
developers that some of their envisioned future applications, such as widely available 
self-tests, were not seen as desirable by general practitioners and insurance companies. 
These insights changed the direction of their research (ibid.). In retrospective, Rip and 
Van Lente considered that the contributions of social science and humanities scholars, 
perhaps did not necessarily lie in realizing better “technology in a better society” (ibid. 
p.16). Interaction could rather enhance the reflexivity of co-evolution of technology (and 
technology developers) and society, without necessarily pushing for a specific direction 
(as the Lab-on-a-Chip example illustrates) (Ibid.; Rip & Robinson, 2013) 

NanoNed was succeeded by NanoNextNL (2010-2016). In this program more than 100 
companies, universities, knowledge institutes, and university medical centers were 
involved. The total sum was €250 million, and the program ran from 2010 until 2016 
(van Wezel et al., 2018). As discussed under the problem stream, during the formation of 
NanoNextNL, concerns for adverse effects of nanotechnology had gained political atten-
tion. Therefore, the Dutch parliament requested that 15% of the total budget would be 
used for risk and impact research as a precondition and accelerator for innovation (Ibid.). 
As a result, the so-called Risk Assessment and Technology Assessment (RATA) theme was 
established within NanoNextNL, which continued with, and expanded on the experiences 
from its predecessor, particularly in terms of strengthening reflexivity of nanotechnol-
ogy developers. Accordingly, additions included RATA master classes, discussions for 
scientists in the program and a two-day RATA course. The course dealt for instance with 
public communication and ethics, and was followed by 83 persons. Furthermore, several 
participating PhD students paid attention RATA-related themes, and were supported by 
experienced RATA researchers in specifying topics. It turned out that many PhD students 
were highly interested in such topics (Ibid.). They noted that RATA-related questions were 
often asked by family and friends, but rarely discussed at their university department. 
RATA-activities helped in opening up this ‘protected space’ in a constructive manner 
(Krabbenborg, 2016). 

Next to TA-activities oriented towards the S&T sphere, dedicated action was undertaken 
towards the societal sphere as well. From 2009 until early 2011, a national ‘Societal 
Dialogue on Nanotechnology’ (Maatschappelijke Dialoog Nanotechnologie) was initi-
ated, in light with the governmental action plan. In March 2009, a ‘Commission Societal 
Dialogue Nanotechnology’ (CSDN), independent from the government, was created and 
assigned the task of implementing “a broad discussion in which viewpoints and opinions 
could be expressed by all kind of stakeholders and publics” (Instellingsbesluit Commissie 
maatschappelijke dialoog nanotechnologie). The CSDN, which covered a broad range of 
expertise and affinity for different groups in society, developed a three-step process of 
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providing information, raising awareness and lastly, dialogue. This approach was thought 
to be necessary because at the start almost half of the Dutch people (46%) indicated they 
had never heard about nanotechnology (CSDN 2011). Furthermore, the CSDN decided not 
to organize the dialogue in a top-down fashion, but via a bottom-up approach, through 
open calls for proposals. The CSDN had a budget of 4.5 million euros and selected 35 
projects in the end. Experts of scientific institutes, civil society representatives, and media 
professionals were responsible for these projects, and used a broad spectrum of media 
and (internet) tools to engage a variety of audiences (CSDN, 2011; Van Est et al., 2012). 
The CSDN evaluated the results of the societal dialogue and presented an ‘Agenda for 
Nanotechnology’ to the Dutch government as input for policy-making (CSDN, 2011). 
First, the dialogue increased public awareness of nanotechnology. Notwithstanding the 
intended focus on societal and ethical questions, risk issues concerning (personal) health 
and the environment got most attention. The CSDN concluded that the Netherlands could 
‘responsibly proceed’ with nanotechnology (Ibid.). Public perceptions of the innovation 
potential of nanotechnology were primarily positive, provided there is sufficient risk 
management and oversight. The dialogue increased public awareness of nanotechnology; 
at the end of the dialogue only 36% of Dutch people indicated they had never heard of 
nanotechnology (Ibid.). Moreover, an important insight was that information and dialogue 
on potential risks did not diminish trust for participants, but rather increased trust (Ibid.). 
At the same time, impact on the Dutch policy-making was limited, nor did it contribute 
to parliamentary discussions on nanotechnology. As for the government, public opinions 
with regard to dealing with risks confirmed the actual policy (Van Est et al., 2012). 

Innovation and experimentation thus not only took place in the field of nanotechnology 
itself, but also in terms of how TA-activities were organized to engage with the S&T sphere 
and the societal sphere. Also, the Rathenau Instituut pursued novel ways to perform TA. 
In part inspired by the concept of upstream public engagement, the institute started 
performing TA studies on nanotechnology (and NBIC-convergence) early on, i.e. when 
nanotechnology was still in a very experimental development phase (Van Est, 2013). In any 
case, according to its formal task, a large part of its activities aimed to facilitate members 
of parliament in opinion-making on the subject matter. For instance, in 2004 the Rathenau 
Instituut, together with Parliament organized a public meeting ‘Small technology - Big 
consequences’ (Van Est & Van Keulen, 2004). Later the institute, for instance, facilitated a 
parliamentary hearing on the opportunities and risks of nanoparticles, as well as a study 
trip to the High-Tech Campus in Eindhoven on medical nanotechnology (Walhout et al., 
2010). In the meantime, employees wrote letters to parliament and published opinion 
articles in newspapers prior to parliamentary debates, and had personal contacts with 
MPs. The Rathenau Instituut’s efforts all had in common that they aimed to broaden 
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and deepen the parliamentary debate on nanotechnology and allow MPs to exert better 
control over the executive’s policy-making on the emerging field (Van Est, 2013).18 

In sum, the emergence of nanotechnology was met with a comprehensive institutional 
response in the Netherlands, in which TA-inspired activities were employed in all three 
social spheres. Importantly, these interventions were initiated at a very early stage of the 
development of nanotechnology. It is very difficult to assess the contribution of these 
interventions in the light of aligning nanotechnology with society. In any case, we can 
conclude that widespread controversy similar to developments in biotechnology and 
biomedicine certainly has not (yet) emerged over nanotechnology (in the Netherlands). 
Furthermore, as mentioned, the CSDN concluded that – to the surprise of involved nano-
technology scientists – early information and dialogue on potential risks did not diminish 
trust for participants, but rather increased trust. These results, in combination with the 
absence of widespread controversy, at least support the hypothesis that early or upstream 
engagement can be viewed as an important element in the available governance instru-
ments that aim to constructively intervene in the relationship between technology and 
society. At the same time, it is important to note that while nanotechnology certainly 
gives rise to challenging ethical questions, biotechnology – by definition – concerns the 
altering of living organisms and therefore may be inherently morally sensitive. 

6.2  The emergence of responsible research and innovation in the 
Netherlands

Finally, this section discusses the emergence of responsible research and innovation (RRI) 
in the Netherlands. In the past decade RRI has gained considerable attention from both 
scholars and policy-makers and represents a crucial element in contemporary discourse 
on constructive intervention in the technology-society relationship. As will be discussed, 
RRI builds on several concepts and approaches outlined above, but also draws from oth-
ers sources. In terms of outcomes, I specifically zoom in on how RRI was institutionalized 
within the ‘Maatschappelijke Verantwoord Innoveren’ (MVI) programme of the Dutch 
Research Council NWO (Nederlandse Wetenschapsorganisatie). The timeframe of the 
events discussed roughly spans from 2005 up until 2021. 

• Problem stream
For the emergence of RRI a number of problems are particularly relevant, which can be 
categorized in three types: grand societal challenges, emerging technologies and lastly, 
the sentiment that earlier approaches in TA, ELSA, etc. were considered insufficient in 
aligning technology and society. 

18 For more detailed accounts of the initiatives of the Rathenau Instituut to facilitate parliamentary opinion-making 
on nanotechnology see: Van Est et al., 2012 and Van Est, 2013. 
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First of all, in this timeframe, a number of important societal challenges were identified by 
policy-makers. Such challenges would play a crucial role for science policy. The European 
Commission formulated seven so-called ‘grand societal challenges’ (European Commis-
sion, n.d.):
- Health, demographic change and wellbeing;
- Food security, sustainable agriculture and forestry, marine and maritime and inland 

water research, and the bio-economy;
- Secure, clean and efficient energy;
- Smart, green and integrated transport;
- Climate action, environment, resource efficiency and raw materials;
- Europe in a changing world - inclusive, innovative and reflective societies;
- Secure societies - protecting freedom and security of Europe and its citizens.

In the light of these grand societal challenges, the role of S&T is two-sided: S&T is namely 
both part of the problem and solution. For instance, on the one hand, S&T may offer 
ways to combat climate change. On the other hand, developments in S&T are the reason 
why we are facing climate change to begin with. As will be discussed below, these grand 
societal challenges become pivotal for research funding schemes, such as the European 
Commission’s Horizon 2020 (Kuhlmann & Rip, 2014) as well as the conceptualization of 
RRI. 

Furthermore, in this period many important technological developments took place. 
First of all, developments relating to digitalization and the internet had tremendous 
societal meaning. As opposed to developments relating to biotechnology and genetics, 
the emergence of e.g. social media and smartphones had (and continue to have) very 
direct impact on the daily lives of citizens. However, when comparing the governance 
of such developments to the governance of biotechnologies and genetics, as previously 
discussed, biotechnologies have been heavily institutionally governed, i.e. in terms of 
regulation (e.g. through permits) and often (bio-)ethical committees play an important 
role. In contrast, digitalization had not been given the same governmental and regulatory 
attention, since the products developed were viewed as mere ‘gadgets’ (Van Est 2014; 
Kool et al. 2017). Against this backdrop, the distinction between ‘hard impacts’ and ‘soft 
impacts’ is useful (Swierstra, 2015; Swierstra & Te Molder, 2012).19 Hard impacts are (un-
desired) impacts of technology that can be quantified into specific ‘risks’ that serve as the 
basis for policy decisions (Swierstra, 2015). Consider for instance, the potential ecological 

19 The framing of ‘hard’ versus ‘soft’ impacts is also criticized. Frans Brom (2015) argued that soft impacts (in the 
terminology of Swierstra and Te Molder) are indeed very important, but should be considered as ‘weak signals’ that 
announce enormous changes in the relation of technology and society, and therefore warrant strong (governmen-
tal) response. In this light, Brom argues that the term ‘soft impacts’ unfortunately lacks rhetorical strength. I am 
somewhat sympathetic to this view. Nevertheless, the term and distinction between hard and soft impacts plays an 
important role in the contemporary discourse on the ethics of S&T and find it important to include it as such. 
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damage stemming from deliberately releasing a genetically organism into the environ-
ment or the damage resulting from a meltdown of a nuclear powerplant. However, as 
Swierstra argues, technologies don’t exclusively have ‘hard impacts’ such as poisoning 
or exploding. This certainly holds for developments relating to digitalization and social 
media. The impacts of these technologies are more qualitative and ambiguous in nature 
and therefore often fly under the radar of the prevailing accountability regime. Accord-
ingly, they run the risk of being dismissed by technology developers, policy-makers and 
politicians as too fuzzy, or too ‘soft,’ to take seriously, hence the term ‘soft impacts’ (ibid.; 
Van Est, 2012). Triggered by concerns about privacy, such soft impacts started to gain 
more importance in the Netherlands, in the past decade (Kool et al., 2017). Meanwhile, 
important developments in the field of biotechnology took place, notably through the 
discovery of CRISPR-Cas9, which made genetic modification easier, cheaper and more 
precise (Doudna & Charpentier, 2014; Jinek et al., 2012). Given these characteristics, 
not long after its discovery, international debates emerged on whether human germline 
modification should be allowed (National Academy of Science, 2016).

Meanwhile, institutionalizations of interdisciplinary collaboration between natural and 
social scientists in socio-technical knowledge production and innovation were viewed as 
inadequate. On the basis of experiences in such projects it became clear that social scien-
tists run the risk of being viewed as ‘nay-sayers’, the voice of negative criticism. This was 
perceived to significantly constrain opportunities for bringing about changes in practice 
and for productive relations between natural and social scientists (A. S. Balmer et al., 
2015, 2016). 

• Policy ideas stream
In this section I will discuss the (conceptual) ideas and experiences that together shaped 
the conceptualization of RRI and paved the way for long-term commitment to RRI in the 
Netherlands. First, I address experiences in the Netherlands regarding previous NWO 
funding schemes. Next, I zoom in on the RRI-discourse that emerged in the context of the 
European Commission and finally, discuss academic concepts that inspired RRI, as well as 
how RRI was embraced by academics. 

Jeroen van den Hoven, (chair of the MVI programme until 2016) recalls that the idea 
of a program on responsible innovation in the Netherlands emerged out of discussions 
organized by NWO between 2003 and 2007 and is the result of a unique collaboration 
in the applied ethics of technology of the NWO with several ministries, private sector 
partners, university-based research groups, representatives of NGO’s in the Netherlands. 
Inspired by these collaborations, NWO intended to make applied ethics even more so-
cietally relevant in a sequel program (Van den Hoven, 2014). To this end, NWO brought 



2

THE HISTORICAL AND CONCEPTUAL DEVELOPMENT OF TA IN THE NETHERLANDS

85

together a number of researchers to articulate a number of considerations for the envis-
aged program in 2007. In brief, important building blocks were (ibid.): 
- Practical relevance of moral philosophy: aiming to gear applied ethics research towards 

technological innovations and applied science and engineering in relation to practical 
innovative solutions for important social and global problems;

- Participation by stakeholders: keep eye on real world issues through input from e.g. 
civil society, consumer organizations, NGO’s and policy-makers;

- A broad conception of technology: considering ‘socio-technical systems’ in acknowl-
edgement of the broader social and regulatory context of technology;

- Timing of applied ethics research: engaging with technology in an anticipatory and 
upstream manner, as to secure the possibility to give suggestions for the design, and 
implementation and utilization decisions;

- Practical adequacy: such suggestions need to have a form that makes it easy to utilize 
ethical and social science research and make it bear upon technical and engineering 
work. In the light of research on value sensitive design value considerations ought to 
be formulated as ‘requirements’ among other ‘functional requirements’ in design of 
new technology. This notion is particularly inspired by lessons learned about the way 
material culture, devices, artefacts, technical systems, infrastructures and computer 
code may contain moral ideas, values, norms, or ideals (cf. Winner 1980; Verbeek 
2011);

- Articulation of values, ideals, norms and rules (in light of the preceding issue): evalu-
ate technical innovations and new institutional designs, and secondly to expose their 
often-hidden value assumptions, and finally to construe values as requirements for 
design.

In the meantime, European Commission (EC) policy-makers, started to formulate a vision 
around the concept of RRI, which also drew inspiration from the emerging discourse in the 
Netherlands. In this context, the Dutchman Rene von Schomberg, EC policy advisor and 
TA/RRI scholar, could be considered as an important policy entrepreneur in this regard. In 
the vision of RRI that he proposed in 2012, he argued that RRI should be understood as 
a strategy of stakeholders to become mutually responsive to each other and anticipate 
research and innovation outcomes underpinning the ‘grand challenges’ of our time for 
which they share responsibility (Von Schomberg, 2013). First of all, it needs to be pointed 
out that the term ‘innovation’ is deliberately used. Contrary to ‘science and technology’, 
the term ‘innovation’ is intended to signify that aspired interventions should be geared 
towards the entire innovation process, i.e. “from research to development to production 
and distribution” (Von Schomberg, 2012, p. 16 in: Zwart et al., 2014). Furthermore, in his 
vision, ‘the quest for the right impacts’ of research are paramount. Von Schomberg raises 
the issue that the positive impacts or benefits of technologies are ‘demonstrated’ by mar-
ket success, while negative aspects (notably risks) are evaluated by and the responsibility 
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of governments. This implied for Von Schomberg that RRI should focus on two questions. 
First, can we define the right outcomes and impacts of research and innovation? And sec-
ond, can we subsequently be successful in directing innovation towards these outcomes, 
if we would agree upon them (Von Schomberg, 2013) These questions are reflected in 
Stilgoe’s introduction to the volume in which Von Schomberg raised them. According to 
Stilgoe there need to be:

“collective conversations, not just about the products of innovation, but also about the 
purposes of innovation, the directions in which innovation appears to be pointing” (Stilgoe, 
2013, p. xiv).

In the meantime, the EC established an expert group, chaired by Jeroen van den Hoven, 
that published a report called ‘Options for strengthening responsible research and in-
novation’ (European Commission, 2013) in which many of the ideas outlined above were 
further articulated. In 2014 the European Commission launched ‘Horizon 2020’, the 70 
billion R&D program of the EU. A central role in this programme was reserved for finding 
solutions in relation to the grand societal challenges mentioned in the previous section. 
Furthermore, RRI served as a cross-cutting theme in Horizon 2020 and accordingly much 
of the research efforts dealing with public engagement and relating to ELSA were funded 
under the heading of RRI. 

At that moment in time, RRI was thus still very new, but soon would gain widespread 
academic attention, i.e. discussed and further developed in academic publications (Burget 
et al., 2017; Zwart et al., 2014). Looking at the discourse on RRI, it becomes clear that the 
approach builds upon aforementioned approaches and concepts on dealing with issues 
and questions related to scientific and technological development, i.e. bioethics, (C)TA and 
ELSA (Zwart et al. 2014). Three important concepts however, have not yet been discussed: 
Realtime-TA, anticipatory governance and last, transition management. First, the approach 
of Real-time TA, developed in the U.S. This TA mode aims to integrate natural science and 
engineering investigations with social science and policy research from the outset and 
played an important role in TA practices concerning nanotechnology in the U.S. (Guston 
& Sarewitz, 2002b). Second, RRI is related to the concept of ‘anticipatory governance’, 
which is described as “a broad-based capacity extended through society that can act on a 
variety of inputs to manage emerging knowledge-based technologies while such manage-
ment is still possible” (Guston, 2014, p. 219). Relatedly, Barben and colleagues (Barben et 
al., 2008) refer to anticipatory governance in terms of collectively imagining, critiquing, 
and thereby shaping the issues presented by emerging technologies before they become 
reified in particular ways. Anticipatory governance is intended to motivate activities de-
signed to build subsidiary capacities in foresight, engagement, and integration, as well 
as through their production ensemble (Barben et al., 2008; Guston, 2014). Furthermore, 
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RRI’s strong connection with the notion of grand societal challenges needs to be stressed. 
Orientation towards such grand societal challenges – or, more broadly speaking, desirable 
social goals, or the right impacts – is reflected in several definitions of RRI. Moreover, 
as Zwart et al. (2014) for instance, note, the overall framing and explicit link to innova-
tion and grand challenges distinguishes it from earlier approaches, such as TA and ELSA; 
the framing gives much more weight and urgency to the matter of channeling science to 
the common good. From a conceptual point of view, particularly regarding the notion of 
grand societal challenges, ideas relating to the concept of ‘transition management’ are 
important. As Van Est (2017) notes, historical research led to a new model of ‘sociotechni-
cal’ transition (Geels, 2002), that understand transitions as a complex interplay between 
specific innovations in technologies, business models, culture, regulatory arrangements, 
etc., which inspired notions like transition management (Kemp et al., 2007; Loorbach, 
2010). From this perspective, sociotechnical shifts like the transition from horse and car-
riage to gasoline cars provided ways to study and think about innovation and find ways to 
transitions regarding for instance, energy (Verbong & Loorbach, 2012) and food systems 
(Den Boer et al., 2021). Such studies contribute to a new paradigm of innovation policy 
targeted at transformative change (Schot & Steinmueller, 2018). The European Horizon 
2020 strategy, including its RRI component can be understood as an example hereof (Van 
Est, 2017).

As said, the concept of RRI as such gained significant attention from scholars. At the same 
time, no single definition of RRI was embraced. This section concludes by highlighting an 
important early scholarly contribution on RRI by Stilgoe, Owen and Macnaghten from 
2013, because it more or less encompasses all the elements discussed in this section, 
and is often cited. First of all, according to the authors RRI means: ‘taking care of the 
future through collective stewardship of science and innovation in the present’ (Stilgoe 
et al., 2013, p.1570). In their conception RRI consists of four dimensions: anticipation 
(drawing e.g. from upstream public engagement and CTA), reflexivity (holding a mirror up 
to one's own activities, commitments and assumptions and being aware of the limits of 
knowledge), inclusion (learning from stakeholders and citizens through participation) and 
last, responsiveness (the capacity to change shape or direction in response to stakeholder 
and public values and changing circumstances) (Stilgoe et al., 2013).

• Politics stream 
Looking at the political situation in the Netherlands during the time frame when RRI 
emerged a number of observations can be made. First of all, generally speaking, since 
2010 the (economically) liberal party VVD became the largest party for three elections in 
a row and three government coalitions by Mark Rutte were formed. From 2008 until 2011 
the world was confronted again with a financial crisis, which plunged the Netherlands 
into recession. Because hereof governmental expenditures were cut and the industry was 
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reluctant to invest in innovation. Therefore, under the auspices of Rutte, eleven so-called 
‘top sectors’ were established in 2011 to foster innovation and investment herein. Two 
examples are the top sector ‘Agri and Food’ and ‘Holland High Tech’, dedicated to high 
tech systems and materials (Rijksoverheid, n.d.). Furthermore, it should be noted that 
during this period Dutch society underwent drastic changes due to developments relating 
to digitalization, e.g. (quicker and mobile) internet, smartphones and the emergence of 
social media. These developments fundamentally changed how people interacted. The 
nature of the media system had been disruptively altered, creating various new low-cost 
channels, resources and opportunities for a variety of publics to either find information or 
generate information themselves (Rutsaert et al., 2013).

• Output: NWO-MVI 
In the Netherlands the idea of RRI was embraced and institutionalized early on by the 
Dutch Research Council NWO in the research program ‘Maatschappelijk Verantwoord 
Innoveren’ (MVI). In this section I first discuss how MVI was institutionalized, as well as 
important characteristics of the programme. Finally, I will highlight how the Dutch govern-
ment and policy-makers committed themselves to the programme (and the approach of 
RRI as such). Drawing from earlier experiences and approaches, NWO published a first call 
for proposals in 2009 with a total budget of 12 million euro. In 2014 a second phase of the 
MVI program was launched by NWO in close cooperation with public and private parties 
involved in the implementation of Dutch Innovation Policy (Van Den Hoven, 2014). This 
was also the year of the start of the aforementioned EU’s Horizon 2020 programme that 
also promoted RRI. At this moment, in 2021, the MVI-programme is still up and running. 
Next, to strengthen RRI through funding schemes, as of 2011, NWO organizes a yearly 
conference on RRI. The first aim of these conferences is to bring together the results 
of the research programme, the second aim is to provide a platform for the broad and 
growing community of researchers involved or interested in research and R&D projects 
in RRI (Ibid.).

In terms of MVI-programme’s characteristics, in line with the discussion under the policy 
stream, research deals with a wide variety of ethical and societal aspects, as well as legal, 
psychological and economical aspects of innovation and accordingly, and allows attention 
for both hard and soft impacts of innovation. MVI-funded research should provide timely 
insights into questions and concerns of the innovation at hand in a multidisciplinary and 
integrated manner as to realize innovations that not only try to solve a problem but are 
also acceptable and responsible from a societal point of view. In order to achieve this, 
NWO stresses that ultimately concrete advice is paramount to influence the innovation 
process when it is still in its design phase (NWO, n.d.; Platform for Responsible Innovation, 
n.d.). Furthermore, indeed, MVI is also oriented towards innovations that seek to address 
urgent societal issues related to e.g. agriculture, healthcare and the energy transition 
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(Ibid.). In order to enable the aspired integrated contribution regarding a particular in-
novation, consortia funded by MVI, next to (university) researchers, usually also contain 
at least one private sector partner that is working on a specific innovation that acts as 
case-study. Public sector organizations (such as governmental bodies) may participate as 
partners as well. In addition, each MVI project has a so-called ‘valorization panel’ made up 
of relevant stakeholders. These can be representatives from government bodies, compa-
nies and civil society organizations as well as private individuals (Van den Hoven 2014).20 
A good example of an MVI-project is ‘Moral fitness of military personnel in a networked 
operational environment’ (2009-2015). This project examined how to ensure socially-
responsible operations when using new information technologies, that allow collabora-
tion in large networks. Its consortium was made up by (philosophy of science and ethics) 
researchers from Eindhoven University of Technology, the Netherlands Organization for 
Applied Scientific Research (TNO) and the Royal Military Academy. Its valorization panel 
consisted of e.g. NATO Research and Technology Human Factors and Medical Panel, The 
United States Office of the Secretary of Defence and the Dutch Naval Forces (Royakkers & 
Topolski, 2014).21 

RRI is thus embraced by Dutch academia and supported through funding bodies, like 
NWO. Looking at the Dutch government and politicians, we also can observe long-time 
support. Already in 2008 NWO’s aspirations to organize a research scheme around the 
idea of ‘Maatschappelijke Verantwoord Innoveren’ were mentioned in a cabinet view 
related to innovation, (notably in response to acknowledging the importance of interdis-
ciplinary research (Parliamentary documents II, 2008-2009, 27 406, nr. 121). Ever since, 
several ministries connected with and contributed to the MVI-programme. For example, 
in 2010 the ministry of Agriculture, Nature and Food Quality (LNV) financially contributed 
to the MVI-programme, in the light of the ethical issues relating to agricultural produc-
tion (Parliamentary documents II 2009-2010, 32 123 XIV, nr. 220) and also, the ministry 
of Education, Culture and Science (OCW) referred to the programme in its 2014 white 
paper on science policy ‘Wetenschapvisie 2025’ (Parliamentary documents II, 2014-2015, 
29 338, nr.141, Wetenschapsvisie 2025: keuzes voor de toekomst). Furthermore, since 
its conception, MVI is strongly connected to the aforementioned Top Sector innovation 
policy (Parliamentary documents I, 2015-2016, 34 300 XIII, F). In fact, as of 2016 MVI 
was connected to all Top Sectors. In the period 2018-2020 MVI funding was even almost 
exclusively connected to specific Top Sector research programmes and initiatives, such as 
related to block chain technologies and wider developments in digitalization (NWO n.d.). 
Lastly, in 2016 – in part inspired by the Rathenau Instituut’s work on ‘intimate technology’ 
(Van Est, 2014) – the Dutch Senate (Eerste Kamer) adopted a parliamentary motion, asking 
the government to organize structural reflection on ethical questions emerging from tech-

20 For an overview of MVI-projects see: https://www.nwo-mvi.nl/projects. 
21 See: https://www.nwo.nl/en/projects/313-99-110. 
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nology and innovation policy, and periodically inform parliament hereon (Parliamentary 
documents I, 2013-2014, 33 750 XIII, E, Motie-Ester, c.s.). In his response, the minister of 
Economic Affairs, amongst others, directly referred to the MVI-programme as an impor-
tant activity in this regard and highlighted the connection between the programme and 
the Top Sector policy (Parliamentary documents I, 2015-2016, 34 300 XIII, F). In sum, next 
to Dutch academia and NWO, also the Dutch government expressed commitment to the 
approach of RRI. 

Taking stock, in comparison to the previous approaches, RRI broadens the heuristic scope 
of TA-inspired approaches. While earlier approaches prompted us to ask ourselves ‘are 
we doing things right?’ (can we anticipate risks and ethical, legal and societal aspects and 
mitigate them?), RRI – at least in theory – invites us to also ask ourselves ‘are we doing 
the right things?’ to begin with, i.e. what are the purposes for innovation (Stemerding, 
2019; Stilgoe, 2013; Von Schomberg, 2013)? When understanding RRI, particularly its 
institutionalization within NWO-MVI, from the perspective of societal spheres, RRI is thus 
heavily oriented towards S&T sphere. Similar to CTA, concrete innovation is the focus of 
intervention. However, as described in the section on NanoNed and NanoNextNL, achiev-
ing this in practice is challenging, and RRI is facing similar challenges. If the aspirations 
of RRI are to be realized, it is crucial that industry and business actors also embrace RRI. 
Yet, the concept does not (yet) widely resonate with such actors (Martinuzzi et al., 2018; 
Scholten & Blok, 2015). In this light, Van de Poel and colleagues propose that RRI should 
be operationalized down to the level of Key Performance Indicators (KPIs), thus linking RRI 
with a widely embraced notion in business and industry actors. Looking at other spheres, 
through partnership and valorization panels the societal sphere and political sphere are 
also included. Regarding the political sphere this inclusion is however, restricted to policy-
makers (as representatives from governmental bodies); while members of parliament are 
not a direct stakeholder. Having now described the development and institutionalization 
of RRI in the Netherlands, it is still not easy to come up with a clear-cut definition of RRI. 
Burget et al. (2017) found 235 RRI-related articles and concluded that there is still a lack of 
clarity concerning its definitions and dimensions. At the same time, this shows that there 
is considerable interest in RRI. At present, the interest RRI seems to remain undiminished 
and accordingly, is likely to continue to play an important role in shaping ideas and activi-
ties regarding constructive intervention in the technology-society relationship (Schuijer, 
2021; von Schomberg & Hankins, 2019). 

7. Conclusion

This chapter sought to analyze the development of technology assessment in the Neth-
erlands. The current TA landscape in the Netherlands is rich and diverse. It is the result 
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of a complex interplay from demands from policy-makers, contributions from scholars 
and international events and developments. Ever since its conception TA practice needed 
to evolve in order to become and remain a valuable instrument in the governance of 
technological culture. In this concluding section, I will summarize the development of TA 
in the Netherlands, based on the three waves that were identified, and secondly, on the 
basis hereof extract characteristics of modern TA. 

However, prior to this, a number of limitations of this analysis need to be explicated. 
First of all, the ex post analysis in this chapter (and perhaps analysis through the multiple 
streams framework in general) is grounded in (tacit) knowledge of the current state-of-
affairs and therefore at odds with a central notion in STS: it could have been otherwise 
(cf. Bijker et al., 1987). In this light, other forms, practices and institutionalizations of TA 
in the Netherlands are plausible. This insight is important for identifying possible future 
avenues for TA. Second, in spite of specifically focusing on the context in the Netherlands, 
the analysis is still very broad and deeper analysis of particular TA modes (in the Nether-
lands) would be an interesting topic for future research. In order to foster reflexivity of 
TA practice, I do consider the multiple streams framework as valuable, given its sensitivity 
towards, e.g. political climate, scholarly insights and current problems and challenges, 
and thus help TA practitioners and policy-makers to better understand and articulate the 
needs for TA.

7.1 Three waves of TA in the Netherlands
In this section I summarize the development of TA in the Netherlands. A schematic over-
view of this development can be found below in Table 2-2. 

• First wave: the emergence of TA (70s – 80s)
The idea of TA originated in the United States in the seventies and by the end of the eight-
ies, TA was embraced in the United States and in Europe, including the Netherlands. The 
dominant mode is Parliamentary TA or Classical TA and primarily oriented towards the 
political sphere, i.e. TA practice particularly seeks to contribute to better policy-making on 
issues relating to S&T, through (consequentialistic) analysis and evaluation of its potential 
impact. 

• Second wave: broadening TA through participation and ethical assessment (late 80s – 
mid 2000s)
In the light of new technological developments, it became clear that the analytical scope 
of Classical TA was too narrow. The development of biotechnology gave rise to broader 
ethical questions relating to desirability of envisaged applications. In response, a second 
wave of TA emerged. In this wave TA broadened its scope in two ways: first, who should 
be involved (the participatory turn), and second regarding the type of issues that are 
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examined (the ethical turn). Firstly, this paved the way for Participatory TA and moreover 
strengthened the urgency for TA to contribute to the societal debate on S&T. This meant 
that, next to the political sphere, TA started to expand its scope to the societal sphere, 
both in terms of target audience and as participant in TA assessment practices. Second, 
ethical assessment of emerging S&T was organized through the institutionalization of 
ethics committees were established, as well as ELSA programmes to accompany science 
and technology research programme. The latter implying that interaction with the science 
and technology sphere would also be explored, albeit predominantly from an outsider 
perspective. 

• Third wave: moving upstream and intensifying interaction with the science and 
technology sphere (mid 2000s – 2020)

The third wave of TA can be characterized by two important reorientations, informed by 
dissatisfying experiences regarding biotechnology and the emergence of nanotechnology 
around the turn of the millennium: first, the notion that TA inspired interventions, includ-
ing involving publics, should take place at a much earlier stage of technology development, 
i.e. upstream. Second, building on experiences in ELSA, the idea to influence the actual 
technology design process itself gained more importance. This meant that intensifying 
interaction with the science and technology sphere would become crucial for TA, which 
paved the way for (the institutionalization of) constructive TA (CTA) and upstream public 
engagement, and later for the approach of responsible research and innovation (RRI). As 
a result, the combination of these TA modes allowed for unprecedented comprehensive 
institutional engagement with emerging technologies, allowing interventions in all three 
spheres, i.e. societal, political and, science and technology spheres. Furthermore, during 
this period, next to science and technology, the notion of ‘innovation’ becomes important, 
which signifies that interventions should target the entire innovation process, i.e. from 
research to development to production and distribution. Lastly, in innovation policy – and 
in the context of RRI – ‘grand societal challenges’ have gained crucial importance. In retro-
spect, the second wave of TA in the Netherlands could be typified by two interconnected 
radical changes: the ethical and participatory turn. Given the significance of the radical 
changes that typify the third wave of TA, I also propose to speak of two interconnected 
turns: the ‘upstream turn’ and ‘challenge-oriented turn’.
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7.2 Characteristics of contemporary TA
After having outlined the three waves in which TA developed in the Netherlands, as 
summarized in Table 2-2, based here on, I now consider important characteristics of con-
temporary TA in the Netherlands. Prior to this, it should be stressed that looking at the 
current TA landscape, all approaches – from Classical/Parliamentary TA to RRI – can still 
be observed. Rather than competing with each other, I consider the different TA modes as 
building on each other in a nested way. When zooming out and looking from the perspec-
tive of the governance of technological culture, I consider it valuable to have different 
TA modes at the disposal, depending on what aims are pursued. In order to successfully 
democratize technological culture, it is important that there is a governance ecosystem 
in place, that is able to accommodate the contemporary dynamics and complexities of 
science, technology and innovation. Such a governance ecosystem should include and 
address the political, societal and science & technology sphere, as well as seek to build 
constructive feedback loops between them. In this light, it is desirable to have (insider 
perspective) instruments that are closely connected to the innovation practice, such 
as the projects funded by NWO’s MVI programme or NanoNextNL, as well as (outsider 
perspective) instruments such as TA analyses from the Rathenau Instituut or the COGEM 
that aim to contribute to societal and political opinion-making. 

Against this backdrop, I highlight the following seven characteristics of contemporary TA. 

Contemporary technology assessment:
1. Has a broad understanding of technology: TA practice engages with science, technol-

ogy and innovation (STI) and recognizes the complex social dynamics interwoven 
with them. In this respect, TA can thus be understood as engagement with socio-
technological systems;

2. Examines the societal meaning of STI: in terms of heuristics, TA explores the societal 
meaning of STI through assessing (and co-shaping) potentially desirable and undesir-
able outcomes, this includes, but is not limited to: potential benefits, contributions to 
societal challenges, risks, and ethical, legal and societal aspects of STI;

3. Engages with different social spheres: in recognition of the socio-political nature of 
STI, TA engages with different spheres: the political sphere (parliament, government 
and policy-makers), the societal sphere (civil society, NGOs and citizens) and science 
and technology sphere (scientists, technology developers, businesses and other R&D 
actors). TA practice engages with these spheres in two ways: first, they may be ad-
dressed as target audience for receiving the outcomes of the assessment process and 
second, they may be included as participant in the assessment processes;

4. Needs to be interdisciplinary and transdisciplinary: in recognition of the complex 
nature of STI and their societal meaning, TA practice needs to be fundamentally in-
terdisciplinary in order to effectively make sense hereof. In addition, TA practice is 
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transdisciplinary oriented, meaning that it is connected to real-world problems and 
actively seeks to involve relevant stakeholders;

5. Is institutionalized in various forms: TA’s engagement with different social spheres has 
implications for its practice. Accordingly, TA practice is institutionalized in different 
ways. It is practiced by formal institutions and commissions, academic research groups 
and is supported through long-term funding commitments. Given the diversity in 
institutional forms, a spectrum can be observed. On one end, TA can be deliberately 
positioned in close proximity of the STI development processes, in order to directly 
influence the design process from an insider perspective. At the other end of the spec-
trum, TA can be organized at distance from STI development processes, as to retain a 
(critical) outsider perspective;

6. Deliberately makes use of timing: TA makes strategic use of the timing of its inter-
ventions. Its interventions target the entire innovation process, i.e. from research to 
development to production and distribution. Henceforth, TA practice may engage with 
mature STI, as well as with technologies that are still in an experimental phase, thus 
in a more anticipatory, upstream approach. Moreover, TA can open up conversations 
about the purposes of innovation, including how STI can contribute to societal chal-
lenges;

7. Aims to actively contribute to the democratization of technological culture: TA is a gov-
ernance instrument that seeks to contribute to the democratization of technological 
culture and therefore fundamentally impact-oriented. TA practice strives for real-world 
contributions regarding the relationship between STI and society. This can take place 
either through shaping the design trajectory of technologies and innovations, as well 
as through contributing to societal and political opinion-making and decision-making 
on STI.

7.3 Outlook
One of the aims of this analysis was to enable TA practice to in being reflexive. However, 
if there is one thing the analysis has shown, it is that TA practice in fact has been very 
reflexive and responsive towards emerging needs. Accordingly, the analysis especially un-
derpins the importance hereof. Therefore, it should be seen as inspiration and invitation 
for TA practitioners, policy-makers and scholars to collectively explore emerging problems, 
political developments, as well as policy ideas – either stemming from the academic com-
munity and beyond. Hopefully this will bring us a step closer to doing the right science and 
technology, the right way. And ultimately, in democratizing technological culture. 







Chapter 3
Discourses on synthetic biology in 
Europe, India and China



Abstract

This chapter consists of a comparative analysis of emerging debates on synthetic biology 
in the European Union, China and India. After briefly introducing synthetic biology as a 
new and emerging science, it maps and compares the emerging debates on synthetic 
biology in the three regions, focusing on a number of different discourses respectively 
relating to innovation, risk, and power and control. In addition, the chapter discusses and 
analyses the role of public and ethics debates as crosscutting and reflective discourses. It 
considers how these discourses have evolved, what the dominant themes and issues are, 
which actors are involved and how the discourses have been informed by the value sys-
tems and socioeconomic development in the three regions. In conclusion the governance 
challenges resulting from these discourses are considered.
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1. Introduction

Synthetic biology constitutes a new field of research, in which scientists are gaining more 
and more control over the fundamental building blocks of life. This allows them to ‘de-
sign’ and ‘create’ microorganisms that may perform a variety of useful tasks, but at the 
same time become increasingly isolated from organisms we may find in nature. Given 
the potential of synthetic biology to contribute to addressing important challenges in, for 
example, health, the scarcity of resources and energy security, it is no surprise that this 
field has been embraced as a promising scientific endeavor by scientists all over the globe. 
On the other hand, like agro-biotechnology and nanotechnologies—or any other field of 
science and technology, for that matter—synthetic biology also gives rise to concerns 
about potential risks. In addition, it raises moral questions and concerns, since it allows 
scientists to put ‘life’ and ‘nature’ on the drawing board as never before.

Synthetic biology may thus—once more, like any other science or technology—also lead 
to tensions (and even conflict) and therefore debate. The nature and dynamics of these 
tensions and debates are, however, not solely informed by the character of a particular 
science or technology; they are also informed by the specific socioeconomic conditions, 
cultures and values in a given locality, which will therefore be considered in our com-
parative analysis of the three regions. Furthermore, we see synthetic biology as a global 
endeavor, contributing to an increased global interconnectedness. This is expressed, for 
instance, by increasing international scientific cooperation, but also by potential risks that 
are not constrained by state borders.

The contribution of synthetic biology to this increased global interconnectedness was 
recently underscored by the Global Network of Science Academies (IAP) (IAP, 2014b).22 
The IAP issued a statement appealing for global commitment regarding synthetic biol-
ogy, recommending continuing worldwide collaboration between researchers and those 
regulating and enabling synthetic biology, and also calling for controversial issues to be 
settled. However, as we previously mentioned, moral concerns may lead to tension within 
a specific region, but also between different regions.

Against the backdrop of these region-specific traits and global interconnectedness, this 
chapter will analyze and compare the emerging debate on synthetic biology in the EU, 
China and India. The analysis will be based primarily on three reports of the Global Ethics 
in Science and Technology (GEST) project, each focusing on discourses on synthetic biology 
in the region concerned (Srinivas, 2014; Stemerding & Rerimassie, 2013; W. Zhang, 2014). 
We consider the debate in the EU rather mature in comparison with those in the other 

22 The Global Network of Science Academies consists of 106 scientific academies from all over the world, including the 
EU, China and India (IAP, 2014a).
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regions, and moreover believe that it reflects many traits of the international debate on 
synthetic biology. We will therefore use the European debate as a starting point, and then 
highlight region-specific traits in China and India.

In conducting this analysis we will use the analytical framework described by Stemerding 
et al. (2015), thus analyzing discourses on innovation, risk, and power and control. In 
addition, we will focus on two crosscutting discourses: first, public debates expressing lay 
morality—what expectations and issues have been raised concerning synthetic biology 
by voices from civil society and the broader public? — and second, how reflective ethics 
voices have engaged with synthetic biology in the three regions. We will examine the 
nature of each discourse: that is, what kinds of issues are discussed and to what values 
do they relate? What kinds of actors take part in the discussion? Then we will consider 
whether certain discourses are dominant. This will allow a comparative analysis of the 
three regions, which will consider similarities and differences.

Throughout this endeavor we will pay specific attention to the role of region-specific 
values, in the debate, as described by (Chaturvedi & Srinivas, 2015; Ma et al., 2015; 
Schroeder & Rerimassie, 2015).23 We will begin, however, by briefly describing the under-
standing, framing and state of the art of synthetic biology in the three regions, since its 
understanding and the degree of development are highly likely to be core parameters for 
the nature, and even emergence, of the different discourses in the three regions.

2. Understanding synthetic biology

The theoretical basis of the contemporary understanding of synthetic biology is attributed 
largely to Waclaw Szybalski, who proclaimed in 1974:

“Up to now we are working on the descriptive phase of molecular biology. … But the real 
challenge will start when we enter the synthetic biology phase of research in our field. We 
will then devise new control elements and add these new modules to the existing genomes 
or build up wholly new genomes. This would be a field with unlimited expansion potential 
and hardly any limitations to building ‘new better control circuits’ and (…) finally other 
‘synthetic’ organisms (… ) (European Group on Ethics, 2009).24 

23 Like this chapter of the thesis, these are chapters in the book ‘Science and Technology Governance and Ethics. A 
Global Perspective from Europe, India and China’ (Ladikas et al., 2015).

24 Luis Campos demonstrates that the label ‘synthetic biology’ can actually already be traced back to the beginning of 
the 20th century. The earliest explicit reference to ‘synthetic biology’ comes from the book ‘La biologie synthetique’ 
by Stéphane Leduc (1853–1939) (Campos, 2009).
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Thus, according to Szybalski, biology will eventually evolve into a different kind of science, 
in which we shift from describing to designing, or redesigning, life. Szybalski’s words have 
turned out to be prophetic, but it was not until the turn of the century that scientists 
started research under the explicit heading of synthetic biology. Interestingly, many of 
these researchers were not primarily involved in molecular biology. Today ‘synthetic biolo-
gists’ employ a variety of novel approaches, all of which allow increasing control over the 
fundamental building blocks of life. This unique quality can therefore also be found in 
the definitions used in the three regions to describe synthetic biology.25 A definition by a 
high-level expert group for the European Commission (NEST, 2005), for instance, reads as 
follows:

“Synthetic biology is the engineering of biology: the synthesis of complex, biologically based 
(or inspired) systems, which display functions that do not exist in nature. This engineer-
ing perspective may be applied at all levels of the hierarchy of biological structures—from 
individual molecules to whole cells, tissues and organisms. In essence, synthetic biology will 
enable the design of ‘biological systems’ in a rational and systematic way”.

The Indian Task Force on Synthetic and Systems Biology Resource Network produced the 
following, quite similar, definition:

Synthetic biology refers to both:
- the design and fabrication of biological components and systems that do not already exist 

in the natural world; and
- the re-design and fabrication of existing biological systems (SSBRN Task Force, 2012).

In the official China Biotechnological Development Report, synthetic biology is described 
as:

“(…) a new trend of biotechnological development (…) to form new biological systems and 
achieve expected industrial application” (Department of Science and Technology for Social 
Development under the Ministry of Science and Technology of China and China National 
Center for Biotechnology Development, 2009).

Synthetic biology is thus commonly understood as the application to biology of a true en-
gineering approach, in order to design, or redesign, organisms that are useful for society.

25 For a more detailed account of dominant approaches in synthetic biology see (Stemerding & Rerimassie, 2013).



CHAPTER 3

104

3.  Framing of synthetic biology as an emerging and converging 
technology

The emergence and introduction of new science and technology in society are, more often 
than not, accompanied by tensions and conflicts. However, as a new and emerging field of 
engineering, synthetic biology is still largely at a laboratory stage. Therefore, discussions 
about synthetic biology as a potential source of tensions and conflicts will be strongly 
influenced by experiences with other science and technology developments in the recent 
past:

To debate a still quite abstract technology, participants functionally need a frame that 
determines which arguments are legitimate and which issues are relevant (Torgersen & 
Schmidt, 2013).

According to Torgersen and Schmidt, three fields of science and technology currently 
provide important frames for discussing synthetic biology: (green) biotechnology, nano-
technology and information technology.26 This makes even more sense, because synthetic 
biology is often considered to be enabled by so-called ‘NBIC convergence’: the synergetic 
convergence of nanotechnologies, biotechnologies, information and communications 
technologies and, though less relevant in this context, cognitive sciences (Van Est & Ste-
merding, 2012).

When looking at the three regions, we must conclude that synthetic biology is pre-
dominantly framed, and debated, as a new phase in the development of biotechnology, 
as illustrated in statements by important spokespersons in the field. According to the 
New and Emerging Science and Technology High-Level Expert Group for the European 
Commission(NEST, 2005), synthetic biology could revolutionize the biotechnology indus-
tries and perhaps even biology as a science. In important symposiums, such as those 
organized by the China Association for Science and Technology, synthetic biology is 
described by Chinese biologists as one of the great frontiers of modern biotechnology. 
The Indian task force sees synthetic biology as a science of the future, which may change 
the profile of the biotechnology industry. Synthetic biology is thus commonly understood 
in the three regions as the next wave in biotechnology, which will also strongly frame 
societal debates about its potential implications. Conceived as a new form of ‘extreme 
genetic engineering’, synthetic biology may well add fuel to the ongoing debates and 
controversies surrounding genetically modified organisms (ETC Group, 2007).

26 “In the biotechnology debate, risk has long been emphasised over economic benefits. More recently, nanotechnol-
ogy has been referred to mostly in terms of benefits, while risks tended to be an issue for scientific discourses. 
This has frequently been related to the many outreach activities around nanotechnology. Information technology, 
finally, has retained the image of being ‘cool’ and useful on a personal level” (Torgersen & Schmidt, 2013, p.44)
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4.  The development of synthetic biology in the three regions: 
the state of the art

Ever since the turn of the century, synthetic biology has been gaining international mo-
mentum and the number of published papers has been steadily increasing (Zhang, 2014). 
As illustrated in an interactive map (reproduced in Fig. 3.1) produced by the Synthetic 
Biology Project, which is led by the US-based Woodrow Wilson International Center for 
Scholars, synthetic biology research activity has emerged all over the globe. In addition, 
there is increasing international collaboration among synthetic biologists, contributing to 
an ever-growing global interconnectedness.

There are significant differences across the three regions in the development of synthetic 
biology, which ranges from rather advanced to just starting. In Europe such development 
is not quite as advanced as in the United States, but is still very much at the forefront. 
Once synthetic biology emerged in the United States, it was almost immediately em-
braced by the European scientific community, and the EU (as well as several individual 
EU member states) rapidly started investing in synthetic biology as well (Stemerding & 
Rerimassie, 2013). By 2012, synthetic biology was gradually being applied in industrial 
settings (Schmidt, 2012)

Synthetic biology has also attracted the attention of Chinese researchers, although this 
did not begin happening as early as in Europe. The Chinese government started funding 
synthetic biology research in about 2008, and ever since has given the field more and 
more support. The development of synthetic biology in China is therefore not as advanced 
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Fig. 3.1: Map tracking the number of synthetic biology research groups across the globe 
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as in Europe, but now the country is fully equipped to catch up with countries at the 
forefront (W. Zhang, 2014).

In sharp contrast, synthetic biology has so far gained little attention in India, and is as yet 
largely confined to certain institutes and groups—very few in comparison with the num-
ber of Indian groups working in life sciences and biotechnology. Also the interest from 
the Indian government and industry is limited so far (Srinivas, 2014). Accordingly, this 
chapter’s discussion of the discourses on synthetic biology in India will be primarily based 
on the findings of the aforementioned task force, made up of government representatives 
and academics, which was established by the government to examine the opportunities 
for synthetic biology and systems biology for India.

5.   Comparing discourses on synthetic biology in the three 
regions

Preceding chapters have described dominant approaches in synthetic biology and 
observed that in all three regions the field is understood as a new phase in the develop-
ment of biotechnology. It has also been noted, however, that the state of the art of the 
development of synthetic biology differs widely among the three regions: development 
in the EU can be seen as ‘advanced’, in China as ‘rapidly catching up’ and in India as ‘just 
starting’. Against this backdrop, we will now analyze and compare how synthetic biology 
has been debated so far in the three regions, based on discourses relating respectively to 
innovation, to risk, and to power and control, and also those concerning lay morality and 
reflective ethics. We will highlight the issues being discussed, the values to which they 
relate and the actors that play a part in the discourse. A more detailed account of the 
discourses in each region can be found in the three GEST reports on this topic (Srinivas, 
2014; Stemerding & Rerimassie, 2013; Zhang, 2014).

5.1 Discourses on innovation
Why is synthetic biology important? What are the opportunities? What can the field 
deliver? What is needed for synthetic biology to mature into an industrially relevant and 
socially robust discipline? These are the central questions of an innovation discourse.

In all three regions voices are heard on the opportunities synthetic biology might bring for 
society. It is perceived as a potentially powerful field of research whose applications might 
help address challenges that all three regions face. Such challenges may relate to (public) 
health, sustainability, energy sources and ecology. Synthetic biology is also seen as a vital 
source of future economic development in the context of global competition between the 
three regions. Thus support for synthetic biology should enable China to ‘catch up’ with 
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the US and Europe and is called for in India so that the country does not ‘miss the bus’ 
(Srinivas, 2014; Zhang, 2014)

In Europe, the New and Emerging Science and Technology (NEST) Pathfinder funding 
scheme, set up in 2004, was an important starting point for the development of synthetic 
biology (Pei et al., 2011). It was followed by several other initiatives, including those under 
the Seventh Framework Programme and the road map of the project called Towards a 
European Strategy for Synthetic Biology (TESSY), which is dedicated to strategy develop-
ment for synthetic biology in Europe (Gaisser et al., 2009; TESSY, 2008). More recently, 
from 2012 to 2014, came the establishment of ERASynBio, a European initiative aimed 
at the development and coordination of synthetic biology in the European research area. 
One of the important aims of this initiative was to comprehensively map national and 
transnational funding programmes, funded synthetic biology projects, relevant strategies 
and reports, and active companies, in order to develop a strategic vision. According to 
these mapping activities, about €450 million of public research funding was allocated to 
synthetic biology from 2004 to 2014 (ERASynBio, 2014) (Fig 3.2). 

Important issues that need to be addressed, according to the ERASynBio network, include 
building a transnational multidisciplinary research community, data sharing, standardiza-
tion and accelerating the applied and industrial use of synthetic biology. Another particu-
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larly important issue is what a proper intellectual property regime for synthetic biology 
would look like. Should it allow broad patenting or would an open-source regime be more 
desirable? As for values, we find that the European discourse is predominately informed 
by values of freedoms, including market freedoms, and sustainability (e.g. EASAC, 2010). 
Furthermore, in the EU a need is felt to go beyond technoscientific support actions in or-
der to make synthetic biology successful, for instance by addressing ethical and regulatory 
concerns early on (e.g. (OECD & Royal Society, 2010; TESSY, 2008). This is aptly expressed 
in a broadly shared call for responsible research and innovation (RRI) in synthetic biology 
(e.g. ERASynBio, 2014). Interestingly, in considering the innovation potential of synthetic 
biology, the Indian task force also explicitly mentioned issues of risk and ethics as equally 
important to address.

As in Europe, there is in China a strongly developed innovation discourse, from which 
several support actions are apparent, such as capacity and community building (W. Zhang, 
2014). In many scientific symposia, such as the Xiangshan Science Conference sessions, 
it is evident that Chinese biologists consider synthetic biology to be one of the great 
frontiers of modern biotechnology. These biologists have therefore called for government 
support on many occasions, and not without success. For example, synthetic biology is 
marked as one of the 12 core key technologies for prioritized development in the 12th 
Five-year Plan for Biotechnological Development (MOST, 2011) released by the Ministry 
of Science and Technology. Furthermore, synthetic biology has been financed by a series 
of programmes, such as the 863 programme,27 the 973 programme28 and the National 
Natural Science Foundation.

Regarding values, the innovation discourse is informed by the full spectrum of Chinese 
values. Stimulating synthetic biology is expected to contribute to promoting economic de-
velopment (progress), protecting public health (harmony), safeguarding national security 
and coping with an ageing and growing population (peace), and last, addressing resource 
and environmental needs (sustainability) (CNCBD, 2010). This illustrates that while ethics 
is not institutionalized in China in the same way as it is in the EU or the US, it certainly has 
a place in directing the course of synthetic biology in China.

India, unlike Europe and China, does not have a strongly developed innovation discourse 
yet. In the recommendations of the Indian task force, however, there is a strong link 
between the identified potential aims for synthetic biology in India and the needs of the 

27 The 863 programme, or the National High-tech R&D Programme, was approved in 1986 to promote high-technology 
research and development in China. Biotechnology is listed as one of its eight priority fields.

28 The 973 programme, or the National Basic Research Programme of China, was approved in 1997 to support basic 
science and technology research. It promotes research and innovation in fields of far-reaching and strategic impor-
tance, such the life sciences.
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country, ranging from energy security to improvements in agriculture and health, topics 
that strongly relate to values of access and equity.

Last, in all three regions the International Genetically Engineered Machine competition 
(iGEM), a synthetic biology design contest for students, is considered an important educa-
tional, capacity-building and community-building tool (see e.g. ERASynBio, 2014; SSBRN 
Task Force, 2012; W. Zhang, 2014).

5.2 Discourses on risk
Like any other technology, synthetic biology not only promises potential benefits, but also 
raises concerns about possible risks. What types of risks are perceived? By whom? What 
weight do they assign to the risks in relation to the benefits? How should society deal with 
these potential risks?

The potential risks of synthetic biology make up an important part of the evolving story 
of synthetic biology. This is the case for the EU, but also for China and India. Two types 
of categories of risks are distinguished: first, biosafety, relating to potential unintended 
consequences for humankind and the environment, and second, biosecurity, relating to 
potential misuse (see e.g. CNCBD, 2010; European Group on Ethics, 2009; SSBRN Task 
Force, 2012). That all three regions devote attention to these issues is no real surprise, 
however, since EU member states, India and China are all party to several international 
conventions, such as the Cartagena Protocol on Biosafety and the Biological Weapons 
Convention, which call for these issues to be addressed as well.

Civil society organizations in Europe, unlike the other regions, are strongly involved in the 
evolving risk discourse. A central value in the European discourse is protection as a citi-
zen’s right. In terms of this right, civil society organizations demand a strict precautionary 
approach and also bring in a more inclusive perspective of justice, solidarity and equality. 
Whereas synthetic biology is supported in the innovation discourse for its potential con-
tribution to a greener economy, civil society organizations challenge it for its detrimental 
effects on sustainability; that is, for promoting the exploitation of natural resources and 
the communities that are dependent on them (FOE et al., 2012). Indeed, similar concerns 
have been voiced in India (Srinivas, 2014).

In China risks are also seen as a point of concern, but hampering innovation and missing 
out on the opportunities of synthetic biology are actually perceived as much bigger risks by 
both the government and the scientific community. This became clear, for instance, at an 
academic symposium dedicated to synthetic biology and ethical and biosecurity concerns, 
organized by the China Association for Science and Technology in 2010. In fact, some 
experts, such as the Chinese scientist Yang Huanming, expressed their concern about the 
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influence of critical public opinion in the developed countries on public perceptions in 
China and called for positive publicity for synthetic biology (Yang, 2011). Another Chinese 
scientist, Du Lin, advocated efforts to create a consensus that the discussion of ethical 
and biosafety issues relating to synthetic biology should not hinder synthetic biology 
research in China. In his view, such a discussion should serve the purpose of responding 
to future international opposition, rather than hindering China’s development in this field 
of research (Du, 2011). Progress therefore seems to be dominant value in the Chinese risk 
discourse.

5.3 Discourses on power and control
On one hand, synthetic biology may provide opportunities to address the grand chal-
lenges societies are facing, including those relating to health, energy and sustainability. 
On the other hand, synthetic biology may give rise to risks and ethical concerns. In a 
response to this tension, a recent statement by the Global Network of Science Academies 
called for a global commitment regarding synthetic biology (IAP, 2014b). According to IAP 
chairman Volker ter Meulen, it is time to settle the ‘synthetic controversy’ (ter Meulen, 
2014)He notes that if synthetic biology is to thrive, the world needs to decide now how 
the field should be regulated and supported. In a comment in The Guardian, science and 
technology studies scholar Jack Stilgoe (Stilgoe, 2014)responded:

“My question is why we, the public, are shut out of the conversation about benefits. 
‘Realising the potential’ of synthetic biology is talked about as though that potential is pre-
ordained. It isn’t. Synthetic biology will become what scientists, innovators, users, regulators 
and others make of it. It could be used to create brilliant, emancipatory, subversive, public-
value innovation, or it could bolster existing power structures. The direction will depend on 
who is involved, what they value, what research gets done, how intellectual property (IP) is 
arranged and more”.

So, who gets to decide the direction in which synthetic biology should develop and under 
what conditions? In other words: who gets to exercise the power and control over syn-
thetic biology?

Our case studies found a strongly developed discourse on this topic only in the EU. The 
main actors are government and the scientific community, but civil society is also making 
its mark (EASAC, 2010; ERASynBio, 2014; ETC Group, 2007; FOE et al., 2012; Roco, 2008; 
Tait, 2009; J. Zhang et al., 2011). Largely inspired by earlier bad experiences with the 
public reception of technologies, both policymakers and the scientific community feel 
the need to involve stakeholders and the broader public early in the development of 
synthetic biology. The aim is that such involvement, besides addressing ethical, legal and 
social issues head on, allows synthetic biology to be better embedded in society, which 
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resonates well with the European striving towards responsible research and innovation 
(European Commission, 2013). In order to foster responsible research and innovation 
in the field of synthetic biology, the European Commission for instance funded the Syn-
energene programme (2013–2017), which is dedicated to responsible research and in-
novation and public engagement in synthetic biology (Synenergene, 2014). Furthermore, 
European policymakers and the scientific community call attention to issues that require 
a delicate balance, such as devising forward-looking regulation without stifling innovation 
and maintaining the equilibrium between scientific freedom and self-regulation vis-à-vis 
state-driven regulation and coercion. This latter form of hard government is particularly 
advocated by internationally operating NGOs such as Friends of the Earth and the Action 
Group on Erosion, Technology and Concentration, or ETC Group. As a result, the European 
governance landscape of synthetic biology is already rather complex, even while synthetic 
biology is still predominantly confined to the laboratory.

Turning to the Indian case, the Indian task force also recommends that ethical, legal and 
social implications should be addressed and public opinion mapped upfront, rather than 
technological development alone being stimulated as a top priority. To substantiate this 
stance, it refers to the negative consequences of prematurely pushing biofuels. In addition, 
the task force raises the tension between open-source initiatives and rigid intellectual 
property approaches, as these relate to the Indian values of access, equity and inclusion.

The Chinese discourse shows a different picture, namely that the development and man-
agement of synthetic biology are largely in the hands of the government and the scientific 
community, and are considered sufficient so far (Zhang, 2014)

5.4 Synthetic biology and lay morality
Public reception is crucial for the course of development of a technology. To put it bluntly: 
it can make or break a technology. The concerns of members of the public may involve 
potential physical harms, but to a large extent they will also relate to non-physical issues: 
that is, boundaries related to their values and culture that should not be overstepped.

However, given its early stage of development, synthetic biology has not yet given rise to 
significant public debate. In fact, even public awareness is rather low.297 In the EU there 
is no real active debate so far, apart from the voices of a small number of NGOs, but 
surveys among the general public and organized public dialogues already demonstrate a 
large degree of pluralism, involving a variety of issues and values (Battachary et al., 2010; 
European Commission, 2010; RAE, 2009; Rerimassie & Stemerding, 2014). Such issues in-

29 Only in the EU has public awareness of synthetic biology been gauged via surveys. The 2010 Biotechnology Euro-
barometer (European Commission, 2010) revealed that a large majority of EU citizens (83 %) had never heard of 
synthetic biology.
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clude concerns regarding biosafety and biosecurity, freedom of research, monopolization 
and increasing global inequalities, relating to a broad spectrum of values, such as citizens’ 
rights and market freedoms, justice, solidarity, equality and sustainability. These issues 
and values will prove difficult to reconcile. This is sure to become a serious challenge for 
the governance of synthetic biology, given the aspiration to include a wide array of actors 
and the issues they put forward.

China has not seen an active debate on synthetic biology so far. The public hold science in 
high esteem and trust the government’s management of synthetic biology. This attitude 
reflects the Chinese value system, in which, in the pursuit of progress and affluence, prag-
matism and developmentalism prevail over potential risks as long as the latter have not 
materialized as actual threats Zhang, 2014). This fits in well with the findings on Chinese 
public perceptions of science and technology (Rerimassie, Ying, et al., 2015).

Unsurprisingly, there is no public debate on synthetic biology in the Indian case either. 
However, a well-known opponent of genetic modification, Vandana Shiva, recently voiced 
criticism of synthetic biology, as did certain environmental groups in India (Domicone, 
2013). The concerns raised mostly relate to socioeconomic considerations and values 
such as equity and access.

5.5 Synthetic biology and reflective ethics
In addition to public expressions of lay morality, morality is reflected upon by voices in 
the field of reflective ethics. Such voices may belong to academia or to ethics advisory 
bodies, including groups and organizations engaged in technology assessment and the 
examination of ethical, legal and social implications (ELSI). Have such voices been heard 
so far in the emerging debate on synthetic biology? If so, are they making an impact on 
science and technology policy-making and development?

In the EU there is strong involvement by reflective ethics voices. In fact, the European 
technology assessment and academic communities engaged with synthetic biology early 
(Douglas & Stemerding, 2014). The EU has contributed substantially to this effort by fund-
ing several programmes on ethical, legal and social implications, such as SYNBIOSAFE, 
Synth-Ethics and SYBHEL (for Synthetic Biology for Human Health: Ethical and Legal Issues). 
On one hand, reflective ethics voices analyze and deepen issues and concerns that have 
already been raised by other actors. On the other hand, reflective ethics also enriches 
debate by addressing issues that so far have not played a big part, but might in future. A 
good example is an in-depth analysis of the notion of ‘playing God’ conducted by the EU 
project SYNTH-ETHICS (Link, 2011)This notion is considered potentially controversial in 
the context of synthetic biology since it revives concerns that have been voiced regarding 
earlier biotechnology as well.
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Another important contribution was made by the European Group on Ethics, which gave 
a detailed account of EU regulations and the relevant global provisions with regard to 
biosafety, biosecurity, intellectual property and potential applications of synthetic biology, 
and also the international framework of ethics and human rights (European Group on 
Ethics, 2009). On the basis of this international human rights framework, the European 
Group on Ethics articulates the main values that should guide the ethics of synthetic biol-
ogy, including human dignity, autonomy and responsibility, freedom, equality, solidarity, 
justice and sustainability—indeed, largely corresponding with the spectrum of European 
values described by Schroeder and Rerimassie (2015). Broadly speaking it is possible to 
identify four different roles that reflective ethics is playing in the emerging debate on 
synthetic biology:
- Articulating values and issues
- Highlighting tensions (often hidden) between values
- Enriching debate
- Translating the articulated values and issues into science and technology policy-making

It is perhaps not surprising that such efforts are being made in Europe, since earlier bio-
technologies aroused considerable controversy.

In China some reflective ethics voices from academia are heard, but systematic reflection 
on the moral aspects of synthetic biology is generally lacking. In fact, ethical reflection 
has so far mainly been limited to the general introduction and citing of foreign views. A 
few ethics scholars have raised their voice in an appeal for issues of risk and ethics to be 
addressed in more ‘authentic’ ways by surveying the important philosophical and cultural 
factors in Chinese public policy-making concerning synthetic biology (Zhai & Renzong, 
2010). Given China’s social and cultural environment and its prevailing pragmatism and 
developmentalism, little public resistance against synthetic biology is expected (W. Zhang, 
2014).

In India, too, no clearly visible tradition of reflective ethics can be found, but the Indian 
task force does recommend that ethical issues be addressed in a an ‘atmosphere of public 
acceptance and transparency’, given potential sensitivities raised by synthetic biology as a 
science that interferes with life (Srinivas, 2014)
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6. Conclusion and discussion: governance challenges

This chapter has set out to map the evolving debates on synthetic biology in the EU, China 
and India. It has demonstrated that the European debate on synthetic biology has already 
become quite mature, the debate in China is taking form, and the Indian debate is slowly 
emerging (Table 3-1).

Comparing the nature of the debates in the three regions reveals distinct features and 
positions on the pros and cons of synthetic biology. On one hand, these debates are in-
formed by differences in the state of the art of synthetic biology in the respective regions. 
On the other, they are informed by region-specific socioeconomic conditions, cultures 
and value systems. Based on our analysis we have identified a number of region-specific 
governance challenges that will play an important role in the evolution of the debates 
on synthetic biology in the three regions. These challenges are summarized in Table 3-2).

To better understand these governance challenges, we should distinguish between risk 
governance and innovation governance. Discourses of risk in the three regions are being 
framed by scientific knowledge and legal regimes that are negotiated and established 
not only in a national or regional context, but also a global context. In other words, risk 
governance has a strong international dimension. In all three regions we have seen that, 
in discussions of synthetic biology, attention is drawn to issues of biosafety and biosecu-
rity, articulating the need for governments to match global standards of regulation laid 
down in international agreements, such as the Cartagena Protocol on Biosafety and the 
Biological Weapon Convention. This global interconnectedness also creates international 
forums in which parties can search for common ground on how to deal with biosafety and 
biosecurity risks in synthetic biology.

Table 3-1: Overview of synthetic biology discourses in China, the EU and India (shading of cells indicates 
degree of development)
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In our understanding of innovation governance in the three regions, a global perspective 
is also obviously important, given the dynamics of international competition, exchange 
and cooperation. At the same time, innovation governance in the three regions relates 
to socioeconomic and socio-ethical issues that are more specifically framed by regional 
contexts, values and concerns. In Europe, synthetic biology is basically funded as ‘blue 
sky’ research in support of market-driven development. In China and India one finds more 
deliberate attempts at priority setting in the framework of governmental five-year plans. 
The Chinese government has identified synthetic biology as a technology to be prioritized 
strategically in the nation’s applied biotechnological research, especially in the biomedical 
and health care field. The Indian task force synthetic biology report put the emphasis on 
meeting the developmental needs of the country, and identified biofuels as one of the key 
applications.

In these different regional contexts of synthetic biology innovation, the role of the public 
and reflective ethics also differs, raising governance challenges that are specific for each 
region (as indicated in Table 3.2). In Europe, as we have seen, experts have emphasized 
the need to address ethical and safety concerns from the very beginning. Studies of the 
ethical, legal and social implications have received active support, and there have been 
several public dialogue initiatives about synthetic biology. The resulting challenge for the 
European governance of synthetic biology is how to balance the range of interests and 
values of all relevant stakeholders.
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In China the government is the principal agent in synthetic biology policy-making, and 
there has not been much demand for control from scientists or the public. The public 
generally hold science in high esteem, and systematic ethical reflection on synthetic biol-
ogy is mostly lacking. However, there is clear concern among scientists that public opinion 
might be swayed by critical accounts of synthetic biology in the foreign media. How to 
maintain public trust in the context of international public debate thus arises as a key 
governance challenge in China.

In India, the task force took a broad view of the promotion and regulation of synthetic 
biology, emphasizing its potential benefits but also the need to address safety and ethi-
cal issues and to take the public into account. However, conventional patterns of budget 
allocation and established institutional divisions in India are not conducive to the devel-
opment of a broad interdisciplinary field and to effectively directing synthetic biology 
innovation to the country’s socioeconomic needs.

What are the implications of these governance challenges for our aim to strengthen 
‘global ethics’ in science and technology policy-making in a world of increasing intercon-
nectedness? Our case study demonstrates that issues articulated in public and ethics 
discourses about synthetic biology are strongly framed by debates emerging in a Euro-
pean and American context. Indeed, to the extent that these issues are addressed in the 
Chinese or Indian regional context, they often reflect or replicate European public and 
ethics discourses rather than more specific regional values and concerns.

A truly global dialogue will therefore require a strengthening of public and ethics voices 
in all three regions, in ways that respond to the specific governance challenges in each 
region and more specifically reflect regional values and concerns. Such a dialogue will also 
require a global forum to support mutual learning about the possibilities and implications 
of synthetic biology on the basis of international exchange and cooperation. We have 
identified two forums that may play an important role in this regard. First, related to the 
world of synthetic biology innovation, we would like to highlight iGEM, the annual Inter-
national Genetically Engineered Machine competition, which attracts student teams from 
all over the world. In just 10 years iGEM has developed into a global hub for thousands 
of young scientists to ‘meet and compete’ (Zhang et al., 2011). This global community 
not only offers a fascinating learning environment, it has also promoted an interest in 
synthetic biology among researchers in China, and could do so in India as well. Moreover, 
and most importantly for a global ethics in synthetic biology, iGEM requires teams to in-
clude in their projects ‘policy and practices’ work, which stimulates a global exchange and 
dissemination of ideas about biosafety and biosecurity, questions of intellectual property, 
ethics and public engagement in the emerging field of synthetic biology. Second, from the 
perspective of international public policy-making, we see an important role for the United 
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Nations Educational, Scientific and Cultural Organization (UNESCO). Over the course of 
time, UNESCO has been manifesting itself more and more as an important global ethics 
forum. In 2005 the general conference of UNESCO pioneered in this regard by acclamation 
of the Universal Declaration on Bioethics and Human Rights. For the first time in history, 
such a large number of UN member States committed themselves and the international 
community to respect and apply fundamental principles of bioethics set forth within a 
single document (UNESCO, 2006). Therefore, we consider this an excellent opportunity to 
build on in dealing with emerging science and technology.
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Abstract

Synthetic biology is developing at rapid speed. On the one hand the field is expected to 
contribute to greening the economy, sustainable energy and public health, for example. 
On the other hand, synthetic biology brings about risks and also raises tough ethical and 
societal issues. In order to facilitate timely dialogue on how synthetic biology should de-
velop and what conditions should be taken into account, several organizations involved in 
technology assessment started working on synthetic biology early on in its development. 
The Rathenau Instituut, based in the Netherlands, is one of these organizations. The fol-
lowing chapter will describe and reflect on initiatives of the institute to facilitate early 
engagement with synthetic biology. An analytical framework is used to better understand 
and distinguish these activities. Public engagement activities will be divided into three 
categories which relate to different spheres of the science and technology governance 
landscape: the political sphere, the science and technology sphere and the societal 
sphere. The analysis also distinguishes between informing and engaging activities. The 
chapter then demonstrates how interaction between the different spheres is facilitated 
by the Rathenau Instituut. 
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1. Introduction

In the past, many developments in biotechnology have stumbled on (various) societal 
concerns, certainly when looking at the European Union. Consider, for instance, the fierce 
– and still unsettled – public controversy on agricultural biotechnology in the European 
Union (Levidow & Carr, 2010). In the wake of such polarized discussions, the need to 
align technological developments more explicitly with societal values has been growing 
stronger. Against this backdrop, several organizations have initiated early assessments 
of potential ethical, legal and societal implications (ELSI) of emerging technologies and 
stimulated early public engagement thereon. This particularly applies to synthetic biol-
ogy. Synthetic biology stands for the latest phase in the development of biotechnology, 
in which scientists are gaining increasing control over the fundamental biological building 
blocks, allowing the design of biological systems which display functions that do not exist 
in nature (NEST, 2005). Synthetic biology is developing very quickly and may help in find-
ing solutions for important societal challenges, such as providing sustainable energy and 
realizing a biobased economy. At the same time, synthetic biology is not without risks 
and moreover raises challenging ethical questions (cf. D Stemerding & Rerimassie, 2013). 
Given these tensions and previous experiences with biotechnologies, early engagement 
activities seem justified, even though synthetic biology is still (predominantly) confined to 
the laboratory.

The Rathenau Instituut, the Dutch office for technology assessment (TA) and science sys-
tem assessment, is one of the organizations that addressed synthetic biology early on in 
its development. This chapter aims to describe and reflect on how the Rathenau Instituut 
has facilitated public engagement with synthetic biology. To illustrate the context in which 
such public engagement activities have been undertaken, the chapter starts with a sketch 
of the state-of-the-art of synthetic biology and the institutional position of the Rathenau 
Instituut. The timeframe during which the described activities have taken place ranges 
from about 2006 to (early) 2015. However, rather than listing a chronological description 
of the activities of the Rathenau Instituut with regard to synthetic biology, the activi-
ties are examined within a framework developed by Van Est et al. (2012) to analyze the 
governance of nanotechnology in the Netherlands. This framework distinguishes public 
engagement activities relating to three different spheres of the science and technology 
governance landscape: the political sphere, the science and technology sphere and the 
societal sphere. Furthermore, it distinguishes between informing and engaging activities.
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2. Context of Engagement Activities

In order to understand the engagement activities of the Rathenau Instituut it is useful 
to draw a picture of the context in which such activities have taken place. Two factors 
that enable and constrain the activities will be discussed: the current state-of-the-art of 
synthetic biology and the institutional position of the Rathenau Instituut.

2.1 The state-of-the-art of synthetic biology
The state-of-the-art of the technology that is made subject to public engagement activi-
ties is a major factor in how such activities can be set up. Public engagement regarding 
a well-established technology comes with different challenges than public engagement 
regarding a technology that is still predominantly confined to the laboratory. For instance, 
a public engagement activity concerning nuclear power may be enabled by the presence 
of a broad range of active stakeholders, who can easily be mobilized. On the other hand, 
its effectiveness with regard to achieving a constructive dialogue may be constrained by 
the vested interests. In contrast, the effectiveness of public engagement activities regard-
ing technologies that are still in an experimental phase may be constrained by the lack 
of active stakeholders. At the same time, the lack of vested interests and tensions might 
enable a meaningful open discussion.

Synthetic biology falls in the latter category. The field is developing rapidly, but is so far 
predominantly confined to the laboratory. Correspondingly, the number of stakeholders 
engaged with synthetic biology is still limited. The public debate and even awareness 
about this emerging technology is limited both in the Netherlands (Stemerding and Van 
Est 2013) and internationally (European Commission, 2010; Pauwels, 2013; Rerimassie et 
al., 2015). This does not detract from the fact that meanwhile an international debate on 
synthetic biology is taking shape, although mainly in academic circles (Rerimassie et al., 
2015). 

2.2 The institutional position of the Rathenau Instituut
The history of the Rathenau Instituut can be traced back to the demand of the Dutch gov-
ernment and Parliament to set up a bureau that would signal and study both the potential 
positive and negative societal aspects of science and technology. Moreover, it should 
stimulate societal opinion-making and bring these insights and opinions into the political 
decision-making process (Nota Integratie van Wetenschap en Technologie in de Samenlev-
ing, IWTS, Parliamentary documents II, 1983-1984, 18 421 nr.2). The Dutch Parliament did 
not plea for an organization within or near the Parliament itself, but opposed the idea to 
set such an organization up within a ministry. Rather, it had to be placed more at arm’s 
length of the government, as to guarantee its independence (Van Est 2013). The formal 
description of the technology assessment task of the Rathenau Instituut reads as follows: 
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“[t]he role of the institute is to contribute to societal debate and the formation of politi-
cal opinion on issues that relate to or are the consequence of scientific and technological 
developments. This specifically includes the ethical, social, cultural and legal aspects of such 
developments. In particular, the institute facilitates the formation of political opinion in 
both chambers of the Parliament of the Netherlands and in the European Parliament” (OCW 
2009, p. 1, derived from Van Est 2013).

According to Van Est30 (2013) the institute’s position towards the realms of Parliament, 
government, science and society has a dual nature. On the one hand it is positioned in the 
‘heart’ of the scientific community, namely the Royal Netherlands Academy of Arts and 
Sciences (KNAW). However, the institute is not doing research for scientific reasons pri-
marily, but aimed at contributing to the societal and political debate. In addition, it has a 
rather autonomous position within the KNAW, such as having an independent board. The 
relationship with the political realm is dual: on the one hand, it is positioned at some dis-
tance from the political process. This is in contrast to e.g. the French TA bureau, the ‘Office 
Parlementaire d’Evaluation des Choix Scientifiques et Technologiques', where members 
of parliament conduct assessments themselves, or the Office of Technology Assessment 
at the German Bundestag (TAB), where activities are closely monitored by members of 
Parliament (Ganzevles et al., 2014). On the other hand, Parliament and the ministries are 
the main clients of the institute. Unsurprisingly, it is also physically located in The Hague, 
the political center of the Netherlands. Finally, the institute has no formal bonds with any 
societal organization, but at the same time is dedicated to stimulating public debate and 
henceforth actively searches for connections with relevant societal actors. 

Evidently, this institutional position influences the organization’s public engagement 
strategies regarding synthetic biology. Its independent position vis-à-vis government and 
Parliament allows freedom to determine its strategies but does not guarantee an audi-
ence.

3. Informing and engaging in different social spheres

In order to highlight and better understand the Rathenau Instituut's public engagement 
activities in synthetic biology, they will be structured along a framework developed by Van 
Est et al. (2012). In line with this framework, public engagement is broadly understood in 
the sense that it encompasses all kinds of activities aimed at bringing in a ‘public perspec-
tive’ into the development of an emerging technology. Thus:"[p]ublic perspective’ signi-
fies all sorts of ethical, social and regulatory issues, which go beyond ‘narrow’ innovation 
and economic aspects of S&T development" (Van Est et al. 2012, p.7). Public engagement 

30 One of the coordinators of the Rathenau Instituut.
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activities are divided into two categories, namely those aimed at informing and those 
aimed at engaging. In brief, activities aimed at informing can be understood as one-way 
communication, while those aimed at engaging encompass two-way dialogue in which 
actors interact to identify problems and stimulate the development of desirable solutions. 

Furthermore, the activities are structured along three spheres of the science and tech-
nology governance landscape: the political sphere, the science and technology sphere, 
and the societal sphere. The political sphere primarily encompasses Parliament, but also 
the government (ministries, agencies and their civil servants). Next, activities may also 
be aimed at the realm of science and technology, e.g. university or industry research-
ers and technology developers. Consider for instance the Dutch tradition of constructive 
technology assessment, aimed at broadening the design of new technologies through the 
feedback of technology assessment activities into the actual construction of technology 
(Schot and Rip 1997). Finally, the societal sphere encompasses activities concerning civil 
society, trade and labor unions and (members of) the general public. An overview of the 
different types of activities and spheres is provided in Table 4-1.

In the remainder of the chapter, key public engagement activities of the Rathenau Insti-
tuut concerning synthetic biology (primarily in the Dutch context) will be discussed along 
these distinctions. However, it should be noticed that these activities will rarely fit only 
one specific category. In fact, looking for synergy and seeking to establish connections 

Table 4-1: Overview of types of activities aimed at informing or engaging in order to integrate ethical and 
social aspects into the societal sphere, the science and technology sphere, and the political sphere. 
This table originally appeared in iJETS (International Journal of Emerging Technologies and Society) 2012, 10, p. 8, 
as part of van Est et al. (2012). Reprinted with permission.

Societal sphere S&T sphere Political sphere

Informing Aim: One-way 
communication to inform lay 
citizens
Label: Public understanding 
of science

Aim: ELSI-research to timely 
signal problems and inform 
researchers to stimulate 
development of desirable 
solutions
Label: classical ELSI-research, 
upstream reflection

Aim: TA research to timely 
inform MPs
Label: Classical parliamentary 
TA

Engaging Aim: Two-way 
communication between 
citizens, experts and policy-
makers; TA to stimulate the 
public debate on science and 
technology
Label: Participatory TA, public 
dialogue, upstream public 
engagement

Aim: Engaging scientists in 
a two-way dialogue with 
citizens and stakeholders 
to identify problems, and 
stimulate the development 
of desirable solutions
Label: Constructive TA, real-
time TA, upstream public 
engagement

Aim: TA to timely engage 
MPs in the political debate 
on science and technology
Label: Participatory 
parliamentary TA
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between the different spheres turns out to be an important feature of several engage-
ment activities. Nevertheless, the framework provides a useful tool to understand them 
and discuss their impact.

4. Informing and engaging in the political sphere

4.1 Early informing activities
The Rathenau Instituut started examining synthetic biology quite early on in its develop-
ment. The introduction to the field can be traced back to 2006, when a Rathenau Instituut 
researcher attended the Synthetic Biology 2.0 conference in Berkeley, California. This 
experience was the most important source of inspiration for the report ‘Constructing 
Life’ (De Vriend, 2006), which was one of the first reports that addressed the potential 
societal impact of synthetic biology. In 2007 the institute published a Dutch version of the 
report (De Vriend et al., 2007) and a ‘Message to the Parliament’ (a brief summary of the 
study and its policy recommendations) based hereon (Van Est et al., 2007). As a result of 
these efforts, members of the Dutch Labor Party (Partij van de Arbeid) asked parliamen-
tary questions to draw the attention of the Cabinet to synthetic biology (Parliamentary 
documents II, 2007-2008, nr. 528) In its response, the Dutch cabinet underscored the 
importance to monitor the developments in the field and requested several advisory bod-
ies to examine the developments, such as the Dutch Health Council and the Commission 
on Genetic Modification. However, in the subsequent years (and up until now) synthetic 
biology did not become a real topic of debate in Parliament, which is not really surprising, 
since synthetic biology is still predominantly confined to the laboratory.

During this period, the Rathenau Instituut has closely monitored the developments in the 
field and participated in a couple of international projects dedicated to analyzing the po-
tential impact of synthetic biology, such as ‘Synthetic Biology for Health, Ethical and Legal 
Issues’ (SYBHEL) from 2009-2012. In addition, synthetic biology has played an important 
part in activities on NBIC-convergence (the synergetic convergence of nanotechnologies, 
biotechnologies, information and communications technologies and cognitive sciences) 
(Van Est and Stemerding 2012). In this context, the institute published the book ‘Life as 
a Construction Kit’ (Swierstra et al., 2009)which was launched during the Dutch Societal 
Dialogue on Nanotechnology (Maatschappelijke Dialoog Nanotechnologie), an initiative 
of the Dutch government to stimulate broad discussion on nanotechnology in which 
viewpoints and opinions could be expressed by all kind of stakeholders and publics (Van 
Est et al. 2012). The institute also participated in the European project ‘Making Perfect 
Life’, dedicated to informing the European Parliament on NBIC-convergence and related 
challenges (Van Est and Stemerding 2012). Yet, a societal or political debate on synthetic 
biology did not emerge.
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4.2 Looking for novel approaches to facilitate political engagement
Meanwhile, the developments in synthetic biology kept pushing forward; more groups 
became active in the field (e.g. ERASynBio 2014) and important scientific breakthroughs 
were realized, such as the creation of a bacterium with a fully synthetic genome by the 
group of Craig Venter (Gibson et al., 2010). In addition, many TA organizations published 
reports on the broad range of societal and political questions synthetic biology may give 
rise to (Rerimassie et al. 2015). How do we, for instance, weigh potential benefits of syn-
thetic biology versus its potential safety and security risks? 

In addition, the type of questions raised by synthetic biology cannot always self-evidently 
be answered from established political ideologies. Consider, for instance, the tension 
between the potential applications of synthetic biology dedicated to sustainability at the 
expense of ‘naturalness’.31 This tension is particularly troublesome for green oriented par-
ties that promote both naturalness and sustainability and are used to them going hand 
in hand, rather than having to choose one at the expense of the other. The Rathenau 
Instituut therefore perceived the need to establish political engagement on such dilem-
mas, before they become urgent. 

So, in 2011, almost five years after of the publication of ‘Constructing Life’, the Rathenau 
Instituut decided to actively start promoting political debate on synthetic biology. How-
ever, due to the stage of development of the field and the lessons learned from recent 
experiences with the political debate on nanotechnology (Van Est et al. 2012), the insti-
tute did not consider the time right to incite a parliamentary debate on synthetic biology 
(nor would it have been likely to be successful). Members of Parliament have limited time 
and need to prioritize. Since synthetic biology is still mostly confined to the laboratory, 
we expected that members of Parliament would be unlikely to prioritize synthetic biology 
over more urgent issues. Therefore, the Rathenau Instituut started looking for novel ap-
proaches to facilitate political awareness and discussion on synthetic biology: it decided 
to target the world of political parties rather than Parliament. 

When looking beyond the elected officials of a political party – which are often the primary 
addressees of TA – we find a network consisting of, for instance, policy advisors, political 
think tanks (or scientific bureaus), and political youth organizations (PYOs). Such bodies 
could fulfil a valuable role in examining emerging technologies from the perspective of the 
political party they are connected to, in a timely manner. With this in mind, the Rathenau 

31 See for example the petition “Synthetic is not natural”, launched by a number of NGOs, including the ETC Group and 
Friends of the Earth, urging the company Ecover to ‘keep extreme genetic engineering out of “natural” products’ 
(ETC Group et al., 2014). This firm announced plans to shift from palm kernel oil to an algal oil as a basic ingredient 
for their soap products. To this end, the algae would be modified by means of synthetic biology. In contrast to the 
aforementioned NGOs, for Ecover the oil represents a ‘natural’ and sustainable alternative for the unsustainable 
palm kernel oil (Stemerding & Jochemsen, 2014).
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Instituut reached out to Dutch political youth organizations and the international Geneti-
cally Engineered Machines competition (iGEM). 

• Future synthetic biologists
iGEM is the global student competition for teams in the field of synthetic biology. In this 
competition, students use standardized and interchangeable genetic building blocks (Bio-
Bricks™) to design microorganisms with new properties. iGEM began in 2003 as a summer 
course for students at the Massachusetts Institute of Technology. In 2004 the course was 
transformed into a competition in which five different teams participated. In 2011 the 
competition had grown into a full-blown international competition, in which no less than 
160 teams participated from 30 countries (IGEM, 2011). In spite of limited means and the 
short timeframe, the projects are nonetheless often very impressive. Therefore, iGEM is 
often considered a poster child for the potential of synthetic biology. 

Due to the explosive growth of iGEM, the organization decided in 2011 to regionalize 
the competition into three preliminaries (or ‘jamborees’ in iGEM jargon). The European-
African jamboree was to be held in Amsterdam. In order to facilitate political engagement, 
the Rathenau Instituut seized this opportunity to organize a youth debate on synthetic 
biology: a ‘Meeting of Young Minds’ between future politicians and future synthetic biolo-
gists, in which the iGEM participants were seen as future synthetic biologists. 

An important part of the work of iGEM teams is the so-called 'policy and practices' (previ-
ously called 'human practices') element. This implies that the iGEM participants do not 
only work on their project inside the laboratory, but also need to pay close attention to 
the societal aspects of their research. The idea of a Meeting of Young Minds therefore 
resonated well with the culture of iGEM (Rerimassie & Stemerding, 2014).

• Future politicians
The Rathenau Instituut sought the future politicians in the circles of Dutch PYOs. Seven 
of the nine Dutch PYOs were willing to formulate a tentative political view on synthetic 
biology and enter into debate with each other and representatives from iGEM teams. 
The PYOs however, had little to no knowledge about synthetic biology. Therefore, the 
Rathenau Instituut undertook several support actions. First, relevant studies were made 
available on the website of the institute. In addition, an expert meeting was organized 
together with the iGEM team from the Technical University Delft. Furthermore, the Rathe-
nau Instituut developed future scenarios on synthetic biology in the form of techno-moral 
vignettes: brief ‘snapshots’ of a future situation in which synthetic biology is applied, but 
at the same time raises moral questions (Lucivero 2012). Since this was the first time the 
PYOs would learn about synthetic biology, it was important that the Rathenau Instituut 
provided multiple perspectives of synthetic biology and avoided giving a biased view. Cor-
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respondingly, some of the experts that took part in the expert meeting stemmed from the 
field of synthetic biology itself, but others came in from the perspectives of risk assess-
ment, intellectual property and philosophy.

Prior to the debate, the PYOs were asked to draft a political pamphlet, in which they out-
lined their views on synthetic biology. This provided valuable input on how to organize the 
debate and served as an important preparation for the PYOs. In addition, these pamphlets 
provided the institute with extra material for analysis, since the debate was not likely to 
allow all of the viewpoints of the PYOs to be discussed.

• Analyzing the Meeting of Young Minds
The well-attended event generated interesting results, in particular by shedding light on 
how Dutch political parties actually might think about synthetic biology. An analysis of 
the debate was featured in the Rathenau Instituut report ‘Politiek over leven’ (Rerimassie 
& Stemerding, 2013). In 2014, an updated English version of the report, called ‘SynBio 
Politics’ was published (Rerimassie and Stemerding 2014).

4.3 Informing policy-makers
Next to informing Parliament and reaching out to PYOs, the Rathenau Instituut undertook 
several actions to inform Dutch policy-makers. In 2011, the institute organized a workshop 
aimed at examining issues surrounding the risk assessment of synthetic biology in col-
laboration with the Netherlands Commission on Genetic Modification (COGEM). During 
this workshop, experts in synthetic biology and risk assessment discussed whether in the 
short-term synthetic biology applications can still be adequately assessed using the cur-
rent assessment framework for GMOs, and what kind of problems may arise in the future 
(COGEM, 2013).

In 2014 the Rathenau Instituut joined hands with the Dutch Institute for Public Health and 
the Environment (RIVM), which in 2014 labeled synthetic biology explicitly as a focal point 
(RIVM, n.d.). Together, the Rathenau Instituut and the RIVM organized an event to inform 
civil servants from various ministries on the developments in synthetic biology. During this 
meeting two prominent Dutch synthetic biologists presented their research, and Dutch 
iGEM teams presented their projects (RIVM, 2014). Both the Rathenau Instituut and RIVM 
aspire to make this a yearly event, in order to keep policy-makers up-to-date. 
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5. Informing and engaging in the societal sphere

5.1 Trying to inform the general public
Public awareness of synthetic biology in Europe and in the Netherlands is still quite low. 
The most recent Eurobarometer on biotechnology (European Commission 2010) showed 
that 83% of Europeans had never heard of synthetic biology. In order to increase public 
awareness, the Rathenau Instituut participates in science communication activities. On a 
small scale, the institute collaborated in 2010 with the iGEM team of the Technical Uni-
versity Delft to organize an educational workshop for children and their parents (iGEM TU 
Delft, n.d.). This event, in fact, turned out to be the first step towards further intensive col-
laboration with the iGEM community. On a larger scale, the institute recently contributed 
to the synthetic biology edition of an educational quarterly magazine dedicated to the life 
sciences (BWM, 2014).

However, it is important to note that science communication as such is no formal task of 
the institute. It rather aims to broaden the knowledge base on emerging technologies 
by providing information on the societal dimensions of science and technology. Ideally, 
organizations that are primarily concerned with science communication then draw from 
this information. For instance, the popular Dutch science communication website ‘Ken-
nislink’ dedicated a theme page to synthetic biology. The page draws heavily from several 
recourses of the Rathenau Instituut to educate on the developments of the field, such as 
the aforementioned techno-moral vignettes (Kennislink, 2014).

5.2 Mobilizing civil society
In addition to informing activities directed towards the general public, the Rathenau 
Instituut has tried to mobilize civil society organizations. In 2013, the institute published 
two reports. One was the aforementioned report ‘Politiek over leven’ (Rerimassie and 
Stemerding 2013), which – next to an analysis of the ‘Meeting of Young Minds debate’ 
– gave an overview of recent developments in synthetic biology and associated ethical, 
legal and societal issues. The purpose of the report was to provide a knowledge base for a 
broad array of stakeholders. The other report – ‘Geen debat zonder publiek’ (Stemerding 
and Van Est 2013, ‘No debate without public’, translation VR) – provided an analysis of 
the emerging societal debate on synthetic biology in the Netherlands, United Kingdom, 
Germany and the United States. Based on these two reports, the Rathenau Instituut wrote 
the two-page brief ‘Synthetische biologie vereist samenspraak’ (Stemerding et al., 2013), 
‘Synthetic biology requires deliberation’, translation VR). In this brief, the Rathenau Insti-
tuut called for Dutch civil society to actively engage with synthetic biology, in particular 
because the technology is still in a phase in which it can be more easily steered.
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• Political cafe on synthetic biology
In order to mobilize civil society, the institute also organized a ‘Political cafe’ in January 
2013, during which the reports were presented and a public debate was held. As the 
name of the event indicates, this engagement activity was also intended to address the 
political sphere. In fact, the event was intended to bring together several (active and 
potential) stakeholders in the domain of synthetic biology, such as synthetic biologists, 
policy-makers, philosophers and STS-scholars, in addition to civil society organizations and 
political organizations, which were the main target group. The event was a success in the 
sense that it was well-attended, notably by policy-makers and other civil servants that 
started sharing the institute’s sense of urgency. However, it did not succeed in mobilizing 
most of the civil society organizations and political think tanks that were specifically tar-
geted. Yet, other civil society organizations such as Stichting Natuur & Milieu (Foundation 
for Nature and the Environment) and Stichting Christelijke Filosofie (The Dutch Foundation 
for Christian Philosophy) actively participated in the event. In doing so, they contributed 
to understanding how societal organizations might think of synthetic biology.

• Lorentz workshop on synthetic biology and the symbolic order
In fact, the engagement of the Dutch Foundation for Christian Philosophy led to further 
collaboration with the Rathenau Instituut, which culminated in the organization of a 
fruitful stakeholder workshop. During this ‘Lorentz workshop’ philosophers, STS-scholars, 
synthetic biologists and other stakeholders examined how synthetic biology challenges 
the ‘symbolic order’, the stock of twin concepts we use to categorize our reality, such as 
the distinction of ‘natural’ and ‘artificial’ (Stemerding and Jochemsen 2014; Swierstra et 
al. 2009). 

6.  Informing and engaging in the science and technology 
sphere

6.1 Informing synthetic biologists
One interesting feature in the previously described public engagement activities is the ac-
tive involvement of synthetic biologists. Many synthetic biologists indeed seem quite re-
flective towards the societal aspects of their research. In any case, technology assessment 
practitioners, STS-scholars etc. are often represented at synthetic biology conferences, in 
order to inform synthetic biologists from their perspective. Correspondingly, the Rathe-
nau Instituut has been represented at various national and international synthetic biology 
conferences. In 2007 the institute presented and discussed its report ‘Constructing Life’ 
(De Vriend 2006) at the Synthetic Biology 3.0 conference in Zürich (SB 3.0 2007). In the 
Netherlands, the Rathenau Instituut presented, for example, at conferences organized by 
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the Dutch Biotechnology Society NBV (e.g. NBV, 2012). Most activities regarding synthetic 
biologists are, however, more intensive than informing alone.

6.2 iGEM as a responsible research and innovation laboratory
As discussed earlier, the Rathenau Instituut interacted with the iGEM community on 
several occasions. The success of iGEM and the important role of ‘human practices’ in the 
competition makes the iGEM community an important ally in public engagement. 

• Meeting of Young Minds 2012
In 2011 the institute organized the ‘Meeting of Young Minds’ (described above) between 
the iGEM participants and Dutch political youth organizations. In 2012 the institute also 
organized such an event, but this time two iGEM teams were selected to stage a debate 
about a topic of their choice. The iGEM team of University College London simulated an 
ecological synthetic biology crisis and tested whether effective containment of the crisis 
was possible. The iGEM team of the TU Delft organized a stakeholder discussion on dilem-
mas of dual-use research, inspired by the controversy concerning publications of research 
on the H5N1 bird flu virus (Rathenau Instituut, n.d.).

• Collaboration in SYNENERGENE
More recently, the Rathenau Instituut started participating in SYNENERGENE, an inter-
national project dedicated to stimulating responsible research and innovation (RRI) and 
dialogue with regard to synthetic biology, funded by the European Commission under the 
7th Framework Programme (SYNENERGENE 2014). In collaboration with other SYNENER-
GENE partners, the Rathenau Instituut will conduct a series of ‘real-time technology as-
sessments’ to explore possible futures for the development of synthetic biology. In order 
to do so, a number of iGEM teams working on particular creative and significant ideas 
for innovation were asked to develop future scenarios. The teams developed two kinds 
of scenarios, based on their own iGEM project: application scenarios and techno-moral 
vignettes, which respectively relate to the plausibility and desirability of the envisaged 
synthetic biology application (Stemerding 2014). The Rathenau Instituut and partners 
are assisting the teams by providing guidelines and regular advice. The future scenarios 
will be used by the institute and other SYNENERGENE partners in stakeholder workshops. 
Additionally, the development of future scenarios intervened in the iGEM project itself. 
By thoroughly scrutinizing the envisaged application on its plausibility and desirability, the 
iGEM teams were enabled to identify different innovation pathways. This allowed them 
to work out the pathway that seemed technically and societally the most robust and thus 
would be most likely to achieve the ‘right impacts’ (cf. Von Schomberg 2013). A quote 
of the 2014 iGEM team from the Technical University of Eindhoven, one of the selected 
teams, can help to illustrate this: 
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“(…) we wrote an Application Scenario and described some of the possible outcomes in 
three Techno-Moral Vignettes. While working on these pieces our view on our own project 
dramatically changed. New possible applications came to mind as well as new ethical issues 
and questions” (iGEM TU/e, 2014).

Perhaps more importantly, this collaboration thus allowed SYNENERGENE partners to 
educate future synthetic biologists on potential ethical, legal and societal issues related 
to synthetic biology and enhanced their reflexivity on such issues (Betten & Rerimassie, 
2015).

7. Conclusion and outlook

The aim of this chapter was to discuss and examine public engagement activities that the 
Rathenau Instituut has initiated on synthetic biology. The institute has undertaken sev-
eral informing and engaging activities in different spheres of the science and technology 
governance landscape, and these activities have often aided in establishing connections 
between these different spheres. 

Synthetic biology may contribute to addressing various societal challenges, but at the 
same time is not without risks and raises tough societal and ethical questions. Society 
faces the challenge of collectively determining how synthetic biology should develop 
and what conditions should be taken into account. The Rathenau Instituut has aimed to 
contribute to this deliberation process since its early years, by shedding light on synthetic 
biology from various societal perspectives, thus broadening the knowledge base on the 
emerging field. The institute also aimed to mobilize and build bridges between stakehold-
ers that may play an important role in the future governance of synthetic biology in a 
timely manner. 

One important observation about the various public engagement activities is that syn-
thetic biologists have shown great willingness to participate. Synthetic biologists seem to 
be quite reflexive towards societal values, which may benefit the facilitation of meaningful 
public engagement. Hopefully, it may also inspire scientists in other domains.

How the future (Dutch and international) debate on synthetic biology will evolve remains 
yet to be seen. Will it mirror the intense (and occasionally hostile) experiences with earlier 
biotechnologies, characterized by great distrust among stakeholders, or will we be able 
to find a renewed ‘tone of voice’? In this regard, a quote from DWARS, the political youth 
organization connected to the Dutch Green Party (GroenLinks) may be inspirational. In 
their political pamphlet for the ‘Meeting of Young Minds’ they state: 
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“Within GroenLinks, genetic modification evokes the same sense of resistance as nuclear 
energy does. The commission however, does not intend to dismiss synthetic biology in 
advance. It proposes to explore where genetic modification fell short, and synthetic biol-
ogy may contribute to the common good. Dismissing synthetic biology beforehand would 
constitute a missed opportunity and does not match the progressive nature of GroenLinks. 
Rather, a critical, resolute and sober approach is much more appropriate. In particular, 
because synthetic biology offers opportunities to save human lives”. (DWARS, 2011)2011, 
translation VR)

“Critical, sober and resolute”. Indeed, words that are quite at odds with descriptions of 
earlier biotechnology debates. Hopefully, words like these will be used in the future to 
characterize the deliberation on synthetic biology. 





Chapter 5
Exploring political views on synthetic 
biology in the Netherlands



Abstract

Synthetic biology may be an important source of progress as well as societal and political 
conflict. Against this backdrop, several technology assessment organizations have been 
seeking to contribute to timely societal and political opinion-making on synthetic biology. 
The Rathenau Instituut, based in the Netherlands, is one of these organizations. In 2011, 
the institute organized a ‘Meeting of Young Minds’: a young people’s debate between 
‘future synthetic biologists’ and ‘future politicians’. The former were represented by 
participants in the international Genetically Engineered Machines competition (iGEM), 
the latter by political youth organizations (PYOs) linked to Dutch political parties. The 
Rathenau Instituut found seven PYOs—including right wing, left wing, Green and Christian 
groups—willing to commit to an intensive process aimed at formulating a tentative par-
tisan view on synthetic biology and discussing it with fellow PYOs and iGEM participants. 
Given the minimal amount of available data on how political parties understand synthetic 
biology, mapping the debate may provide valuable insights. In this article, I aim to provide 
such a mapping exercise and also to reflect on how and why the Rathenau Instituut orga-
nized the event.
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1. Introduction

The commercial use of synthetic biology poses significant threats to the earth’s biodi-
versity, could speed rainforest destruction by increasing demand for sugar, and harm 
sustainable farmers and poor communities across the world whose cultures and income 
depend on farming truly natural commodities such as coconut oil (ETC Group et al., 2014). 

This quote is part of a petition called ‘Synthetic biology is not natural. Keep extreme 
genetic engineering out of “natural” products’, launched by the ETC Group, Friends of the 
Earth and a number of other NGOs in the summer of 2014. These NGOs have been voicing 
their critique on synthetic biology – the latest phase in the development of biotechnol-
ogy – for a couple of years now (FOE et al., 2012). Nevertheless, this particular petition is 
symbolic of the current state of the art in the development of synthetic biology. It was a 
response to the news that the Belgian company Ecover – dedicated to the development 
of natural cleaning products – intended to develop a soap containing oil produced from 
algae whose genetic code had been altered using synthetic biology, to make it suitable for 
use in closed fermentation facilities, for example. According to Ecover, the oil is a sustain-
able and natural alternative to palm kernel oil, which is an important cause of deforesta-
tion of tropical rain forests (Strom, 2014). Not long after Ecover’s announcement, the 
multinational Unilever announced the development of a similar product (SpecialChem, 
n.d.). Synthetic biology is thus slowly leaving the laboratory phase and products made by 
means of synthetic biology are gradually entering the consumer market. 

In spite of the important benefits synthetic biology may offer, such as in the fields of 
medicine and sustainability, its development is certainly not welcomed by everyone, 
as the petition illustrates. Synthetic biology also gives rise to concerns about potential 
environmental and health risks (European Group on Ethics, 2009; Pei, 2014). At the same 
time, the field raises difficult moral questions, since it allows scientists to consider living 
organisms in an unprecedented manner (Deplazes-Zemp et al., 2015; Van den Belt, 2009). 
Indeed, similar to the debates triggered by Dolly the cloned sheep and the – still unsettled 
– controversies regarding genetically modified foods (Coles et al., 2015; Levidow & Carr, 
2010), synthetic biology may be a source of tension and conflict.

In order to understand the potential issues raised by synthetic biology in a timely manner 
and contribute to shaping the field, many organizations and academic groups involved in 
technology assessment (TA) and the examination of the ethical, legal and societal implica-
tions of emerging technologies (ELSI) engaged with the field early on in its development. 
This early activity corresponds with the shift in the focus of TA towards more ‘early 
engagement’ in the last ten years (e.g. Albrecht et al., 2015; Grunwald & Achternbosch, 
2013) and the move ‘upstream’ in the innovation process, that is, from the final products 
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to the sources of innovation in research and development processes (Wilsdon & Willis, 
2004). These efforts have culminated in comprehensive analyses of the ethical, legal 
and societal implications and questions synthetic biology may give rise to (e.g. European 
Group on Ethics, 2009; SYBHEL, n.d.; Synth-Ethics, n.d.). For instance, are the potential 
risks outweighed by the potential benefits? Who profits from these developments and 
who carries the burden? Are synthetic biologists overstepping moral boundaries that 
should not be overstepped? In the end, these are political and societal questions and 
therefore eventually need to be answered by politics and society (Rerimassie, 2016a). As 
the aforementioned petition indicates, societal debates on synthetic biology are slowly 
taking form. Yet, up to now, these remain rather modest, which is not surprising since 
awareness of synthetic biology is still rather low (European Commission, 2010). How the 
questions raised by synthetic biology will be answered by politics and society therefore 
largely remains to be seen. 

This image resonates well with the situation in the Netherlands. The Rathenau Instituut 
– the Dutch office for technology assessment and science system assessment – engaged 
with synthetic biology early on and undertook various activities to bring synthetic biology 
into societal and political debate (Rerimassie, 2016a). In this article I aim to explore politi-
cal views on synthetic biology in the Netherlands. In order to do so, I discuss the results 
of one of these activities: the so-called Meeting of Young Minds (MOYM). This event 
encompassed a young people’s debate on synthetic biology between ‘future politicians’, 
represented by members of Dutch political youth organizations (PYOs) and ‘future syn-
thetic biologists’, represented by participants in the international Genetically Engineered 
Machines competition, better known under its acronym ‘iGEM’. In the absence of a politi-
cal discussion to date of the writing of this article, the intention is to provide empirical 
data on the possible viewpoints of Dutch political parties on synthetic biology. 

The article is structured as follows: first, I will provide some background information and 
explain the context in order to point out why and how the Rathenau Instituut organized 
the Meeting of Young Minds debate. Accordingly, I will briefly discuss the role and position 
of the institute and describe some of its efforts to bring synthetic biology into political and 
societal debate. Second, I will discuss the rationale of reaching out to PYOs to facilitate po-
litical engagement with synthetic biology and briefly describe the participating PYOs. Next, 
I will elaborate on the preparation for (including how the Rathenau Instituut supported 
the political opinion-making process of the PYOs) and the organization and execution of 
the debate. The remainder of the article is dedicated to mapping viewpoints expressed 
during the Meeting of Young Minds debate. To this end, a framework developed in the 
project Global Ethics in Science and Technology (GEST) will be applied to structure the 
results (Stemerding et al., 2015). Following the application of this framework, discourses 
on innovation, risk, broader ethical issues and power and control will be used as lenses 



5

EXPLORING POLITICAL VIEWS ON SYNTHETIC BIOLOGY IN THE NETHERLANDS

141

through which the debate can be examined and the issues that are raised can be high-
lighted. 

2.  Efforts of the Rathenau Instituut to foster political opinion-
making on synthetic biology

In order to better understand the MOYM debate, I will first discuss how the event came 
to be held. Accordingly, I will briefly discuss the formal role of the Rathenau Instituut and 
place the event in the context of the institute’s earlier activities to bring synthetic biology 
into societal and political debate.

2.1 Role and position of the Rathenau Instituut
The Rathenau Instituut functions as the Dutch office for technology assessment and sci-
ence system assessment. The formal description of the technology assessment task of the 
institute reads as follows: 

“[t]he role of the institute is to contribute to societal debate and the formation of politi-
cal opinion on issues that relate to or are the consequence of scientific and technological 
developments. This specifically includes the ethical, social, cultural and legal aspects of such 
developments. In particular, the institute facilitates the formation of political opinion in both 
chambers of the Parliament of the Netherlands and in the European Parliament.” (OCW 
2009 derrived from Van Est, 2013).

The institute’s broad technology assessment task is to stimulate societal and political 
debate on (emerging) science and technology. This includes – but certainly is not limited 
to – TA specifically aimed at stimulating parliamentary debate on the role of science and 
technology in society. In this regard, the position of the institute should be taken into 
account. As Ganzevles et al (2014) point out, the position of the institute significantly 
influences how a given TA organization operates towards the spheres of parliament, gov-
ernment, science and technology, and society. For instance, the Parliamentary Office of 
Science and Technology (POST) in the UK is situated inside parliament and works in close 
contact with Members of Parliament. In contrast, while parliament and the government 
are its main clients, the Rathenau Instituut is more distant from the political process and 
has an autonomous position. This independent position vis-à-vis the government and 
parliament allows the institute the freedom to determine its strategies and working plan 
but does not guarantee an audience (Rerimassie, 2016a; Van Est, 2013). This has clearly 
influenced the institute’s activities with regard to synthetic biology. 
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3. Engaging with synthetic biology

The Rathenau Instituut engaged with synthetic biology quite early on in its develop-
ment. The institute had a longstanding interest in the development of biotechnology, 
but synthetic biology was a particular focus for the institute due to its interest in NBIC 
convergence, the synergetic convergence of nanotechnology, biotechnology, ICT and 
cognitive sciences (Roco & Bainbridge, 2003). Due to the increasing number of people 
attracted to this field and the growing number of publications and review articles in 
scientific journals with regard to synthetic biology, the Rathenau Instituut assessed that 
there ‘was something happening’ (De Vriend, 2006a). In 2006 a researcher from the 
Rathenau Instituut attended the Synthetic Biology 2.0 conference in Berkeley, California. 
The experience served as one of the major sources of inspiration for the report Construct-
ing Life (Ibid.), which was one of the first reports concerned with the potential societal 
impact of synthetic biology. In 2007 the institute published a Dutch version of the report 
(De Vriend et al., 2007) and a Message to the Parliament based thereon (Van Est et al., 
2007), a brief summary of the study and recommendations. As a result of these efforts, 
members of the Dutch Labour Party (Partij voor de Arbeid) raised questions in the Dutch 
parliament to draw the attention of the cabinet to synthetic biology (Parliamentary docu-
ments II, 2007-2008, nr. 528). In its response, the cabinet underscored the importance of 
monitoring the developments in the field and, for instance, requested the Commission 
on Genetic Modification to do so (COGEM, 2008). Yet during the next five years, synthetic 
biology did not become a topic of debate in parliament. This is perhaps not surprising, 
since – in spite of important scientific breakthroughs in the field – synthetic biology is 
still largely confined to the laboratory and concrete applications largely remain absent. 
During this period, the Rathenau Instituut closely monitored the developments in the 
field and participated in international projects dedicated to analysing the potential impact 
of synthetic biology, such as Synthetic Biology for Health, Ethical and Legal Issues (SYBHEL 
2009–2012) (SYBHEL, n.d.). In addition, synthetic biology played an important part in 
activities dedicated to NBIC convergence. In this context, the institute published the book 
Life as a Construction Kit (Swierstra, Boenink, et al., 2009), launched during the Dutch 
Societal Dialogue on Nanotechnology (Maatschappelijke Dialoog over Nanotechnologie), 
which was organized by an independent committee by order of the Dutch government.32 

32 In Dutch this is ‘Leven als Bouwpakket’. An English translation of the book was published as a special issue of 
NanoEthics (Swierstra, van Est, et al., 2009). 
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4.  Looking for novel approaches to facilitate political 
engagement

From 2006, when Constructing Life was published, synthetic biology continued to develop. 
The most famous scientific breakthrough is perhaps the creation of a bacterium with a 
fully synthetic genome by the group led by Craig Venter (Gibson et al., 2010). In addition, 
more groups became active in the field and more investments were made (ERASynBio, 
2014). During this period, many scholars, advisory committees and (TA) organizations also 
explored and deepened the various ethical, legal, societal and risk-related questions that 
synthetic biology can raise. Zhang, Marris and Rose (Zhang et al., 2011) identified no less 
than 39 different reports written in English from 2004 to 2011. According to Calvert and 
Frow (Calvert & Frow, 2013), these reports raise a fairly consistent set of issues related 
to synthetic biology: how do we deal with biosafety and biosecurity risks? How do we 
organize intellectual property? Are there any (moral) limits to ‘creating life’ that should 
not be overstepped? And how do we involve the public in the development of the field? 
Although these tough questions are posed by academia and advisory committees, they 
are societal and political questions and thus are in need of societal and political answers. 
Moreover, the sort of questions raised by synthetic biology cannot always self-evidently 
be answered with reference to established political ideologies. As the case of Ecover il-
lustrates, synthetic biology may contribute to sustainability, but (for some) this is at the 
expense of ‘naturalness’. This tension is particularly problematic for Green-oriented par-
ties that value both naturalness and sustainability and are used to them going hand in 
hand rather than having to choose one at the expense of the other. It is certainly true that 
the questions raised by synthetic biology may cause political and societal tensions.

Given the pace of the development of the field and its potential for controversy, the Rathe-
nau Instituut sought to further politicize and democratize (Bijker, 2001) synthetic biology. 
From 2011, almost five years after the publication of Constructing Life, the Rathenau Insti-
tuut intended to broaden the debate on synthetic biology again. In the succeeding years 
the institute undertook various engagement activities in different spheres of the science 
and technology governance landscape (Rerimassie, 2016a). In the societal sphere (civil 
society and the general public), for instance, the institute co-organized a workshop on 
how synthetic biology challenges ‘symbolic order’ (cf. Swierstra et al., 2009) in collabora-
tion with the Dutch Foundation for Christian Philosophy (Stemerding & Jochemsen, 2014). 
In addition, it contributed to several initiatives aimed at informing the general public, such 
as a quarterly educational magazine dedicated to the life sciences (BWM, 2014) and the 
popular Dutch science communication website Kennislink (Kennislink, 2014). Furthermore, 
the institute undertook several activities in the science and technology sphere (university 
or industry researchers and technology developers), such as presenting at several national 
and international conferences on synthetic biology (Rerimassie, 2016a). Lastly, the politi-
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cal sphere (primarily parliament, but also ministries and other government agencies) is of 
particular importance for the institute given its formal task. However, because the field is 
still in the experimental stage of development and because of the lessons learned from 
recent experiences of the political debate on nanotechnology (Van Est et al., 2012), the 
institute expected that Members of Parliament would be unlikely to prioritize synthetic 
biology over other more urgent issues. Therefore, the institute did not consider the time 
right to encourage a parliamentary debate on synthetic biology and started to look for 
novel approaches to facilitate political awareness and discussion on synthetic biology. 

4.1 The role of iGEM
One clear sign of the growth of the field of synthetic biology is the immense popularity of 
iGEM, the international Genetically Engineered Machines competition. In this competition, 
students use standardized and interchangeable genetic building blocks (BioBricks™) to 
design microorganisms with novel and useful properties (Rerimassie & Stemerding, 2014). 
iGEM began in 2003 as a summer course for students at the Massachusetts Institute of 
Technology. In 2004 the course was transformed into a competition in which five different 
teams participated. In 2011 the competition had grown into a full-blown international 
competition, in which no less than 160 teams participated from 30 countries (Ibid.). In 
spite of having limited means and a short timeframe, the projects are often impressive. 
Due to the popularity of the competition, the iGEM Foundation decided in 2011 to orga-
nize three regional preliminaries (or ‘jamborees’ in iGEM jargon). The European–African 
Jamboree was to be held in Amsterdam, which provided the Rathenau Instituut with a 
good opportunity to broaden the so far modest political discussion on synthetic biology.

4.2 Reaching out to political youth organizations 
This large gathering of young synthetic biologists sparked the idea of organizing a young 
people’s debate on synthetic biology: a Meeting of Young Minds involving a debate 
between ‘future synthetic biologists’ and ‘future politicians’. The iGEM teams were ad-
dressed as ‘future synthetic biologists’. In this regard, the so-called policy and practices 
(previously called human practices) element has been of great importance. This implies 
that the iGEM participants do not only work on their project in the laboratory, but also 
need to pay close attention to the societal aspects of their research and to reach out to 
society. The idea of a MOYM therefore resonated well with the culture of iGEM and the 
organization was very willing to cooperate (Rerimassie, 2016a; Rerimassie & Stemerding, 
2014). 

The ‘future politicians’ were sought in the circles of Dutch political youth organizations 
(PYOs). PYOs are organizations tied to a specific political party that are open to member-
ship for young people between approximately 14 and 27 years old. PYOs aim to promote 
and maintain the causes of their political party by a variety of means, such as participating 
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in debates, initiating petitions or organizing publicity stunts [40].33 Although they are affili-
ated with a specific political party, most PYOs are independent and are therefore allowed 
to form a dissenting opinion. In this sense, they also act as an important internal checks-
and-balances instrument for political parties. PYOs often have impressive membership 
numbers and are seen as an important breeding ground for future politicians. In fact, 
many prominent Dutch politicians were active in a PYO, such as Mark Rutte, the current 
prime minister (Parlement & Politiek, n.d.). In 2011 ten political parties were represented 
in the Dutch parliament. All of them, with the exception of the Partij voor de Vrijheid 
(whose leader is Geert Wilders) were affiliated with a PYO. The Rathenau Instituut found 
that seven of these PYOs were willing to formulate a tentative political view on synthetic 
biology and enter into a debate with each other and representatives from iGEM. The 
institute did not succeed in mobilizing ROOD, a socialist PYO that is connected to the SP, 
the Dutch Socialist Party, and the JOVD, which is linked to the (moderate right-wing) VVD, 
the People’s Party for Freedom and Democracy. A brief characterization of the seven PYOs 
that did participate can be found in table 5-1. The characterization does not do justice 
to the richness and complexity of the ideologies of the PYOs and their ‘mother parties’, 
but nevertheless provides readers who are unfamiliar with the (diverse) Dutch political 
landscape with a useful overview. 

As the table demonstrates, the total of seven participating PYOs demonstrate a high 
degree of pluralism, varying from right wing to left wing and from animal-welfare inspired 
to Christian faith-based. 

33 It is worthwhile noting that PYOs are by no means a Dutch phenomenon but can be found worldwide. In addition, 
many PYOs collaborate in European or international umbrella organizations [see, for example, 44]. 

Table 5-1: Characterization of PYOs

PYO Affiliation Ideology

Christen Democratisch 
Jongeren Appèl (CDJA)

Christen Democratisch 
Appèl (CDA)

Christian democratic, conservative, centre-right 
wing (CDJA, n.d.)

DWARS GroenLinks Green, left wing (DWARS, n.d.)

Jonge Democraten Democraten 66 (D66) Social liberalistic (Jonge Democraten, n.d.)

Jonge Socialisten Partij van de Arbeid Labour, social democratic (Jonge Socialisten, n.d.)

PerspectieF ChristenUnie Social Christian (PerspectieF, n.d.)

PINK! Partij voor de Dieren Animal-welfare driven, Green (Partij voor de 
Dieren, n.d.-c)

SGP-jongeren (SGPJ) Staatkundig Gereformeerde 
Partij (SGP)

Radical Christian (Protestant), conservative (SGPJ, 
n.d.)
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5. Organizing the Meeting of Young Minds

In this section I will discuss the steps the Rathenau Instituut took to prepare the MOYM 
debate, such as the different capacity-building actions. I will also provide further details 
about how the institute organized the event. 

5.1 Preparation and capacity-building 
As already mentioned, seven PYOs were willing to participate. The institute contacted 
the PYOs via their board secretaries, who forwarded the request to participate in the 
upcoming activities to active members of the PYO who seemed fit to undertake this task 
(and could decide on participation). Eventually, small ad hoc working groups were formed 
consisting mostly of board members, members of pre-existing working groups (e.g. on 
sustainability and health) or a combination of both. In all cases, the representatives were 
mandated to act on behalf of their PYO. 

The first step the institute took after getting in touch with the PYO representatives was 
organizing a kick-off event. During this event, researchers from the institute and former 
iGEM participants provided a general introduction about synthetic biology and the aca-
demic discussion so far. Furthermore, the institute presented its ideas on the event and 
supporting actions, and luckily these received a positive response. 

It is important to note that the participating PYOs barely had any knowledge about syn-
thetic biology. Therefore, the institute undertook several actions to support the PYOs in 
their opinion-making process on synthetic biology. There is a clear risk of framing syn-
thetic biology in a particular manner, and thus the Rathenau Instituut needed to ensure 
that it provided a balanced view of the developments. In order to do so, first of all a 
selection of various sorts of reports dedicated to synthetic biology was made, such as 
those from the European Group on Ethics (2009), the (UK) Royal Academy of Engineering 
(RAE, 2009), the Biotechnology and Biological Sciences Research Council [50] and the (US) 
Presidential Commission for the Study of Bioethical Issues (2010), but also the concerned 
ETC Group (ETC Group, 2007). Next, an expert meeting was organized with the iGEM team 
of the Technical University of Delft (iGEM TU Delft, n.d.; Rathenau Instituut, n.d.). At this 
meeting researchers from the institute also aimed to provide multiple views on synthetic 
biology. Some of the experts stemmed from the field of synthetic biology itself (such as 
the Dutch iGEM teams, which presented their projects), but others had risk assessment, 
intellectual property or philosophy perspectives. Lastly, in collaboration with scholars 
Tsjalling Swierstra and Marianne Boenink, techno-moral vignettes on synthetic biology 
were developed.34 These are brief ‘snapshots’ of a future situation in which synthetic biol-

34 Examples of the techno-moral vignettes can be found in the Rathenau Instituut’s report ‘SynBio Politics’ (Rerimassie 
& Stemerding, 2014)



5

EXPLORING POLITICAL VIEWS ON SYNTHETIC BIOLOGY IN THE NETHERLANDS

147

ogy is applied but at the same time raises moral questions. Rather than being predictions 
that close the debate, they are designed to be invitations to come up with imaginations of 
how science and technology could improve our lives (Lucivero, 2012).

5.2 Organization of the event
The institute thus provided several supporting actions to aid the PYOs in their opinion-
making on synthetic biology. How the (tentative) views on synthetic biology were formed 
according to their own internal procedures was left to the PYOs themselves. In retrospect, 
this took place within the ad hoc working groups (consisting of about five PYO representa-
tives).

In terms of the event itself, the institute chose a debate format, rather than, for instance, 
an exercise aimed at letting participants work towards a common vision of a technological 
future in which synthetic biology plays an important role. Given the absence of a mature 
political discussion in the Netherlands, the institute was primarily motivated to broaden 
the debate on synthetic biology with reference to (non-neutral) partisan perspectives. It 
assumed that a debate format would serve this goal best, not least because an exchange 
of arguments would lead to a deeper understanding of the different perspectives on syn-
thetic biology. At the same time, the institute hoped that the event would also promote 
mutual learning and understanding among the PYOs and iGEM participants.

In order to prepare for the debate, the institute asked the PYOs to draft a ‘political 
pamphlet’, a two-page document in which they outlined their general views on synthetic 
biology. In addition, they were asked to supplement the document with position state-
ments in order to specify their views and provide input on how to organize the debate. 
Other than that, the institute had no specific demands or questions. In most cases, these 
pamphlets were the results of deliberation within the ad hoc working groups. Two PYOs, 
however, went further in this regard. The Christian Democratic CDJA, for instance, adopted 
an official resolution on synthetic biology following its internal procedures (CDJA, 2011). 
Similarly, the Green PYO DWARS adopted a so-called vision statement after consulting 
members during an internal discussion evening (DWARS, 2011). For the debate itself the 
institute asked the PYOs to appoint one spokesperson who would represent them.

Due to time constraints, researchers from the institute could not engage with the iGEM 
teams as intensively as they had with the PYOs (when the trajectory with the PYOs started, 
the iGEM competition activities had already been going on for a while). Instead, together 
with the European iGEM committee, the institute made contact with iGEM teams that 
seemed to be excelling in their human practices and outreach activities, namely the teams 
from Imperial College London, University College London, the University of Potsdam, Paris 
Descartes University, the University of Freiburg and the University of Leuven. Since the 
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institute contacted these teams late in the process, they were merely asked to appoint a 
spokesperson who would represent them during the debate. In spite of their representa-
tives’ prior involvement in the process, the institute assumed that they could play an 
important role during the debate, given their (relative) expertise in synthetic biology and 
remarkable human practices activities.

The valuable information in the political pamphlets would be used to initially structure 
the debate. Three core themes on which the PYOs seemed to disagree were identified: 
promises, regulation and ownership. The plan was for each of the themes to be discussed 
in three rounds of 30 minutes. A researcher from the Rathenau Instituut with experi-
ence in moderating discussions was to lead the debate. In terms of the format of the 
debate (after a brief introduction of the theme), each round would start off by asking 
two opposing PYOs to move to the center of the stage, defend a position statement and 
react to each other’s arguments.35 Next, the other PYOs (which would be located on the 
right-hand side of the stage) could join in the discussion. In order to do so, they would 
position themselves behind an interruption microphone, similar to those used in Dutch 
parliamentary debates. Lastly, the representatives from iGEM (located on the left-hand 
side of the stage) would be able to join in the discussion, also by means of an interruption 
microphone. The researchers from the institute planned to allow a bit more time for the 
PYOs than the iGEM teams because the iGEM teams had had far less preparation time. 
Also, the institute wanted to increase the exposure of the – so far fairly unknown – politi-
cal (partisan) views on synthetic biology. Nevertheless (also due to the moderator), the 
iGEM teams were certainly able to make a significant contribution to the discussion, as 
can be seen in the next section.

The MOYM debate took place in the grand auditorium of the VU University Amsterdam, 
on the night preceding the 2011 European–African iGEM Jamboree. It was open to the 
public and attended by about 350–400 visitors. The majority of the attendees consisted 
of iGEM participants. 

6. Mapping the Meeting of Young Minds

In the previous section I outlined why and how the Rathenau Instituut engaged with 
Dutch PYOs and the iGEM community to broaden the modest political debate on synthetic 

35 During the MOYM debate, PerspectieF and SGPJ joined together and put forward one spokesperson to represent 
both PYOs. PerspectieF and SGPJ are affiliated with relatively small Christian parties that often collaborate in this 
fashion, such as in the city council of The Hague. 
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biology in the Netherlands. In this section I will map the results of the MOYM debate.36 
The mapping exercise will be primarily based on excerpts from the MOYM debate. The 
political pamphlets provide valuable additional material, especially because it is unlikely 
that the debate allowed enough time for all of the viewpoints to be discussed. Unless 
indicated otherwise, the quotations used later in this article stem from the MOYM debate. 

In order to structure the results of the debate and the content of the political pamphlets, 
I will draw from a (slightly altered) framework developed in the EU project Global Ethics 
on Science and Technology (GEST) (Stemerding et al., 2015). The aim of this project was to 
better understand the ways in which expectations, tensions and conflicts surrounding sci-
ence and technology relate to the specifics of different fields and to the broader societal 
contexts. In the framework developed to this end, the emphasis is on societal discourses 
as central storylines in discussions on science and technology (Hanssen et al., 2008). 
The framework thus allows a systematic mapping of expectations, tensions and conflicts 
arising, or potentially arising, from developments in science and technology. It has been 
proven to be useful to analyze and compare discourses on emerging technologies – such 
as synthetic biology and nanotechnology – in Europe, China and India (Fautz et al., 2015; 
Rerimassie et al., 2015). Drawing from this framework, four different discourses will be 
used as lenses through which the issues relating to innovation, risk, (broader) ethical is-
sues and power and control can be highlighted.37 

Lastly, I will briefly and cautiously reflect on how the positions of the PYOs relate to the 
position of their mother parties towards (earlier) biotechnologies. However, it should 
be noted that comparison is not straightforward, because for the last decade, the Dutch 
political debate on biotechnology has been heavily focused on GMOs in agriculture and 
the specific dynamics of these applications (Weel, 2009). 

6.1 Innovation discourse
Why is synthetic biology important? What kind of potential benefits does the field offer 
and what is needed to realize those benefits? These are the kind of questions that play a 

36 It should be noted that the MOYM debate was also discussed in the 2013 Rathenau Instituut report Politiek over 
Leven (Rerimassie & Stemerding, 2013), written in Dutch. The aforementioned political pamphlets were included as 
an annex in the report. An updated English version of the report was published in 2014 (Rerimassie & Stemerding, 
2014). The pamphlets were not included though. The examination in these reports differs from that in this article, 
however. Earlier, the key narratives in public debates on science and technology as identified by Macnaghten et al. 
(2010) were used, in combination with a typology of basic attitudes towards science and technology, as charted by 
the Rathenau Instituut (Brom et al., 2011). Nevertheless, I consider this article to have added value since the MOYM 
is discussed in more detail. The political pamphlets were, for instance, annexed but not included in the examination 
in the aforementioned reports. Second, this article provides more detail on the preparation and organization of the 
event. 

37 The framework originally distinguishes reflective ethics and lay morality in order to distinguish the professional 
ethics discourse (e.g. ethics committees, academic debate) and the public discourse respectively. Since this actor 
perspective does not apply to the MOYM debate, these clusters are replaced by broader ethical issues. 
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role in an innovation discourse. Such questions certainly played a role during the MOYM 
debate. 

Among all of the participating PYOs – also among those that turned out to be critical 
– the institute saw an acknowledgement of the potential benefits of synthetic biology. 
Broadly speaking, two fields of application were mentioned by the participants. First, they 
believed that synthetic biology may contribute to greening the economy and combatting 
climate change. Second, their view was that synthetic biology may contribute to health 
and medicine, not least in developing countries. The strongest belief in the potential of 
synthetic biology was expressed by the Young Democrats, as illustrated by the following 
passage in their political pamphlet: 

“The world faces huge problems, and we need technology in our struggle against these 
problems. When one thinks of the world food deficiencies, our future energy supply and 
environmental pollution, synthetic biology will most likely play an important role in address-
ing these problems. An increasing population, climate change and a global biodiversity crisis 
means we cannot afford to lose any time, or exclude any innovation.” – Young Democrats

The Young Democrats thus saw synthetic biology as an important instrument that can be 
used to address the grand challenges that the world is facing. The Young Socialists were 
also supportive of the developments and argued that synthetic biology should not be 
hindered by too many governmental constraints:

“Because synthetic biology has such enormous potential it is important for the Netherlands 
to keep up or even take the lead in the field of research. The government should therefore 
not unnecessarily obstruct research with bureaucracy and let the decisions concerning 
synthetic biology be made by unbiased synthetic biology specialists.” – Young Socialists

The Green PYO DWARS also recognized synthetic biology’s potential with regard to 
sustainability, which is that it could improve the production of biofuels and contribute 
to stopping climate change. Therefore, DWARS turned out to be fairly open to synthetic 
biology. This viewpoint is remarkable, because its mother party, GroenLinks, has a strong 
tradition of being against genetic modification (primarily in the food sector), deeming it 
a threat to biodiversity, ecological balances and the livelihoods of farmers in the global 
south (GroenLinks, n.d.). In their ‘vision document’ (DWARS, 2011), the extended Dutch 
version of the political pamphlet written for the MOYM, DWARS explicitly addresses this 
issue:

“Within GroenLinks, genetic modification evokes the same sense of resistance as nuclear 
energy does. The commission however, does not intend to dismiss synthetic biology in 



5

EXPLORING POLITICAL VIEWS ON SYNTHETIC BIOLOGY IN THE NETHERLANDS

151

advance. It proposes to explore where genetic modification fell short, and synthetic biology 
may contribute to the common good. Dismissing synthetic biology beforehand would consti-
tute a missed opportunity and does not match the progressive nature of GroenLinks. Rather, 
a critical, resolute and sober approach is much more appropriate. In particular, because 
synthetic biology offers opportunities to save human lives.” (author’s translation)38

This openness towards synthetic biology is in stark contrast with the Christian Democratic 
CDJA, which acknowledged the field’s potential regarding drug development and the 
production of renewable energy sources, but in the end remained highly critical. Corre-
spondingly, the animal-welfare inspired PYO PINK! doubted whether the field could solve 
the problems the world is facing and thought that it may even be a ‘cure’ that is worse 
than the disease: 

“Synthetic biology is a wonderful technology that may one day do wonderful things for 
us. But it's just going too fast. Good technology plus bad policy equals bad outcomes. And 
we're just not ready. We don't even need this technology to solve many of the problems we 
currently face. Third world hunger is not a problem of food production, it is a problem of 
distribution.” – PINK!

The Christian SGPJ and PerspectieF took a similar position, as can be illustrated by this 
quote from their joint political pamphlet:

“Of course, technology can prove very helpful in tackling severe problems, but if we limit 
our worries exclusively to a technical solution, our lack of control about reality and the 
tendencies towards evil will pop up automatically. Technology may help to face challenges, 
but problems are not technological, but immaterial.” – SGPJ/PerspectieF

Although the participants were often outspoken on what synthetic biology has to offer, 
they were also puzzled by some issues. The representative of the iGEM team of the Uni-
versity of Leuven, for instance, raised a tough issue by proposing the use of GMOs that 
stimulate the growth of new ice caps at the North Pole. Consideration of the appropriate 
intellectual property regime for synthetic biology also challenged the participants and the 
audience. The majority of the audience seemed to favour an open source regime, which 
became apparent after a quick poll by the moderator. This was not surprising since the 
audience consisted primarily of iGEM participants and the competition leans heavily on 
open source information. In response to this, the importance of patenting was under-
scored by one of the iGEM representatives: 

38 All of the translated excerpts were translated from Dutch. 
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“But do you understand why there's open source in the first place? Because in the case of 
IT, you need a couple of hundred dollars or a couple of thousand dollars to buy a computer 
and off you go. It's totally different with synthetic biology. It's all about multi-million-dollar 
facilities. We're talking about billions of research dollars being put at stake here. All people 
think of patents as a way of how companies can use it to leverage and profit from, but to 
be honest from a scientific point of view we need patents to protect our interests.” – iGEM 
University College London

In their political pamphlet, the Young Socialists encourage open source initiatives, but also 
uphold the possibility of patenting innovations: 

“We stimulate institutions to share their discoveries without charging the people who use 
them. This will speed up the research in synthetic biology which can lead to useful and 
lifesaving applications. On the other hand, people should have the right to patent their syn-
thetic biology discoveries, because they have a right to own intellectual property.” – Young 
Socialists

During the MOYM debate, the institute thus heard several viewpoints on the innovation 
potential of synthetic biology. Primarily, the Young Democrats and Young Socialists argued 
that synthetic biology could offer important benefits for society, and even the Green PYO 
DWARS had quite a liberal attitude towards the field. On the contrary, PINK! and SGPJ/
PerspectieF did not believe that we need synthetic biology to address important chal-
lenges and, as will be discussed next, thought that it may even be dangerous for society. 
For in spite of the possible benefits, like any other technology synthetic biology is not 
without risks. 

6.2 Risk discourse
The potential risks were a major factor in earlier debates on biotechnology in Europe 
and the Netherlands. At the MOYM, the potential risks of synthetic biology also played 
a big part in the discussion. What type of risks were perceived and by whom? How are 
risks weighed against the potential benefits? In line with the rich body of ELSI research 
on synthetic biology, two types of risks can be distinguished in the debate: biosafety risks 
relating to the potential unintended consequences for humans and the environment, and, 
second, biosecurity, that is, risks relating to the potential abuse of synthetic biology [33]. 

The CDJA, similar to SGPJ/PerspectieF, turned out to be very concerned about the po-
tential ecological risks and found religious and scientific reasons to be cautious about 
synthetic biology:
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“From a Christian democratic perspective we see it [nature] as God´s creation which we as 
stewards have to take care of for the next generation. For this hall of scientists, I guess you 
prefer the Darwinist approach. Also in the Darwinist approach, you regard it as an equilib-
rium that has come into balance during billions of years. … We have seen with technologi-
cal advances in the past that small pollutions may have great consequences. … We don´t 
always oversee what those consequences will be so if you start changing, altering the very 
fundamentals of species in the form of DNA, in the form of even introducing practically new 
species into the environment … this may influence those delicate balances in ways we can´t 
comprehend; we may not be able to oversee in the further future.” – CDJA

As we saw in the previous section, DWARS was fairly liberal towards synthetic biology, 
which can also be illustrated by the following quote from their political pamphlet: 

“While synthetic biology offers possibilities for society, there are also risks involved. DWARS 
believes that the possible risks should not surpass the potential benefits. However, the risks 
should be taken seriously.” – DWARS

During the discussion, however, it became clear that the deliberate release of modified 
organisms was considered too dangerous:

“We are willing to discuss healthcare issues … but we´re extremely reluctant to let products 
out in nature, in the environment because it might damage ecosystems. It might do a lot of 
damage that we can’t predict. Then we´re extremely reluctant and we´ll have to look at that 
situation very specific.” – DWARS

Interestingly, it is often not the technology as such that primarily worries critical PYOs but 
the fact that humans – with their limitations – are in control of the technology. PINK! for 
instance, expressed such concerns:

“As an evolutionist myself I know that nature has many imperfections. But I think it would 
be unwise to think that humanity can simply change that. It might even have catastrophic 
consequences. And I say this because one of the most striking natural flaws is the human 
mind itself. … We have a bounded rationality … we all have a little inner Homer Simpson. 
Whenever we have to deal with a new technology we must ask ourselves whether we are 
able to deal with it in a safe manner.” – PINK!

The CDJA representative, who was involved in research as well, expressed the concern 
that some scientists may indeed take potentially harmful risks:
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“Sometimes you get carried away by the huge potential of the discovery you make … and 
you don’t oversee other risks or the bigger picture.” – CDJA

In addition to concerns about potential unintended consequences of the developments, 
there were concerns relating to biosecurity, since – unfortunately – synthetic biology 
could also be intentionally used to cause harm. Such biosecurity concerns were notably 
expressed by DWARS and SGPJ/PerspectieF: 

“We know synthetic biology can potentially come up with frightening consequences. We 
can´t exclude false positive expectations and we are sure that even the best of the best 
synthetic biology application won't abolish evil.” – SGPJ/PerspectieF

Similarly, the spokesperson of DWARS wondered:

“What if indeed some people have wrong intentions, have the knowledge and have the tools 
to say commit bio-terror and that would be disastrous. So, at that point I actually got really 
scared of the possibilities of synthetic biology.” – DWARS 

Biosecurity and biosafety concerns thus played an important part in the debate, but ac-
cording to some participants there are also risks involved in not using synthetic biology’s 
potential. The representative of the iGEM team from Imperial College London – the team 
that eventually won the European Grand Prize [67] – argued as follows:

“For our project we looked at desertification and it is a fact that every day an area 1.5 times 
the size of Amsterdam turns into desert every single day. These things just happen; they are 
a fact. And then we have to face how do we actually return this to what it should be like 
and how do we conserve ecosystems. …. We´re seeing countries trying to implement things 
to combat climate change and it´s just not really working, is it. And I think that synthetic 
biology is one of those great areas that might enable us to actually do something about it 
and yes, I completely agree that it should be completely safety tested … but do we really 
want to bypass this great opportunity of being able to actually undo the damage we´ve 
done?” – iGEM Imperial College London

The representative of iGEM Imperial College London had strong support from the Young 
Democrats, who argued: 

“There's all sorts of issues with nature, with environment. … Things are getting out of hand. 
…We don't know what exactly will happen if we do not act, but that doesn't mean that we 
should go … for the status quo by definition. We should compare those two options, the 
option with biotechnology and the associated risks and the option without improvement 
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and those associated risks, because there's plenty of risks with that option as well.” – Young 
Democrats

During the debate, biosafety and biosecurity risks were raised as issues by several par-
ticipants. These risks led PYOs such as the CDJA, SGPJ/PerspectieF and PINK! to take a 
very cautious stance towards synthetic biology. But other voices stated that not using the 
potential of synthetic biology is also risky, given the grand challenges that societies are 
facing with regard to, for instance, the environment and climate change. 

6.3 Ethics discourse
From the start, the (academic) debate about synthetic biology not only focused on risk–
benefit aspects, but also on issues relating to moral boundaries that perhaps should not 
be overstepped. Will synthetic biology lead to synthetic life one day? Will developments 
in the field lead to the ‘computerization’ of life and will this in turn diminish the definition 
of life [7,8,29]? Are synthetic biologists playing God [68]? Such ethical considerations also 
played a role in the MOYM debate. 

In their joint political pamphlet, the Christian PYOs SGPJ and PerspectieF specifically ad-
dress the notion of ‘humans as creators’:

“Our ancestors believed they were part of creation; in our time we tend to think we are cre-
ators ourselves. The application of synthetic biology is a clear example where scientists see 
themselves as creators. As Christian politicians, we firstly want to express our recognition 
of God as Creator of all. This notion has a significant impact on our thinking about synthetic 
biology. As humans we have the Biblical mandate to ‘cultivate and preserve’ God’s creation. 
This means we have to benefit from opportunities and talents to do research and make new 
things. At the same time, preservation implicates reflection and long-term thinking. Such 
notions make synthetic biology an ethical issue.” – SPGJ/PerspectieF

According to SGPJ/PerspectieF, synthetic biologists can thus be seen as ‘creators’, which 
therefore makes synthetic biology a theological matter. However, given the lack of thor-
ough Christian reflection on synthetic biology, the two PYOs were hesitant to make a 
definitive judgement on how Christianity should deal with this issue and pleaded for more 
contemplation: 

“Until now there has not been a significant, broadly agreed Christian reflection on synthetic 
biology. Despite offering very valuable guidelines for scientists and politicians, the Bible 
doesn’t give a clear go or no-go for synthetic biology. In addition, there are several ap-
plications with different motives possible. … It’s very premature to connect Bible verses to 
BioBricks.” – SPGJ/PerspectieF
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As mentioned before, the CDJA acknowledged the opportunities synthetic biology may 
bring. According to their resolution [57] (which was based on their political pamphlet), 
the development of medical treatments is important and neglecting to carry out such 
development might be morally objectionable. On the other hand, so would tinkering with 
the building blocks of life. In this context, the CDJA believes that the development of 
synthetic biology may be at odds with the intrinsic value of nature and living beings:

“Another important principle is the notion of transcendence. We can never rule out – neither 
scientifically nor philosophically – that nature is comprised of more dimensions and aspects 
than can be perceived by mankind. Therefore, it is unacceptable for Christian Democrats to 
consider and treat nature merely as a machine. Nature has intrinsic value.” – CDJA (author’s 
translation)

The animal-welfare inspired PYO PINK! added a similar sort of critique. Their representa-
tive denounced the hubristic aspirations of improving nature:

“Do we really know how to perfect nature? In our arrogance in creating our own improved 
kind of nature we don't seem to recognize how much conventional nature has to offer. Many 
of our medicines, for instance, are provided to us by nature. But we are destroying our 
natural capital at an immense rate. Before we start creating nature 2.0 it is high time we first 
truly value the original.” – PINK!

Several iGEM teams responded to these remarks. First of all, they referred to synthetic 
biology’s potential to undo the damage that humankind has done to nature. Second, they 
denounced the alleged aspirations to perfect nature:

“If you study nature you're always in awe of what nature does …, so I personally would not 
assume that I can make nature perfect. I think what we are doing is quite ‘crap’ compared 
to what nature invented in the last 3.5 billion years. It's just a very tiny piece of what we 
can do. And so I personally feel humble to what nature does and what nature presents to 
me.” – iGEM University of Freiburg

Coming back to the PYOs, the Young Democrats introduced a very different moral perspec-
tive on the developments, which became clear during the discussion on ownership:

“Often life is defined by three basic properties: metabolism, growth and reproduction. 
And if you have these three basic properties then you can call something alive. … modern 
biology shows us that all these properties are defined by molecules, … so it is essentially a 
nanomachine. Essentially it is all a physical reaction. … Life in itself does not have a special 
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moral status different from other machines. And that is what led us to our statement: a cell 
is a mere machine that we can create and modify.” – Young Democrats

Much to the relief of PINK! this did not imply that there can be other reasons why living 
beings are worthy of protection:

“I don't mean to say that all life is a mere machine. I'm just saying the phenomenon life 
doesn't give something a special moral status. But for instance – and you [the representative 
of PINK!] shall be happy to hear – an animal, a sentient being or a human, they have certain 
protection. They are not being owned or are not being patented. But we do think that from 
this analysis logically it would follow that, if you have created life successfully in the lab, and 
we know that we are not near that yet, that you should be able to patent that as it is an 
invention.” – Young Democrats

DWARS also considered the extent to which synthetic biologists are interfering with na-
ture, but eventually concluded that the subject matter should be approached in a more 
pragmatic way:

“From a philosophical or religious perspective, one could wonder if man should be allowed 
to alter life itself. From an ethical perspective one wonders how far these alterations should 
be allowed to go. Aside from one’s perspective, synthetic biology developments cannot be 
stopped. The question should not be if we want to use synthetic biology, but in what way.” 
– DWARS

Lastly, the Young Socialists recognized that synthetic biology certainly raises ethical issues 
and advocated discussing them on a case-by-case basis, but they were less concerned 
about them than the other PYOs. Moreover, they believed that the public might be less 
worried about such ethical issues than expected by some:

“80 years ago, abortion was something you couldn´t speak about, well only maybe in 
America still, but in Europe it´s weird to say I´m against abortion. I think that this will also be 
the case for synthetic biology. And so I think you really have to look at the public opinion of 
the time.” – Young Socialists 

According to the Young Socialists, techno-moral change [cf. 69] will therefore occur and 
will most likely be in favour of synthetic biology research. Despite their differing views, the 
participating iGEM teams did demonstrate great willingness to take ethical concerns seri-
ously. According to the spokesperson of the iGEM team from Paris Descartes University, 
this willingness can be found throughout the entire community: 
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“The Paris team has been looking at the human practices of the previous teams and we 
could see that ethics is a major concern in synthetic biology and most teams want to address 
these problems.” – iGEM Paris Descartes University

In conclusion, during the MOYM debate various moral issues were raised. Overall, it was 
vividly clear that for some groups in society synthetic biology does indeed raise value-
laden questions about how far humankind ought to go in redesigning ‘life’ and ‘nature’. 
The institute also learned that PYOs may have highly conflicting viewpoints on how to 
deal with these moral questions. Evidently, these viewpoints would translate into differing 
policy choices. So how should synthetic biology be dealt with eventually? This will be 
discussed in the next and final section on power and control. 

6.4 Power and control discourse
Synthetic biology may have important potential for innovation, but at the same time it is 
not without risks and also raises broader ethical issues. How do we balance these issues? 
Who will benefit from synthetic biology and who will carry the burden? What should 
the government’s role be in this regard, or the public’s? In sum, who will determine how 
synthetic biology should develop and what conditions should be taken into account along 
the way? These are all questions that make up a discourse on power and control.

In the preceding section, I noted that DWARS considered synthetic biology as an unstop-
pable development that should be guided, rather than trying to prevent it:

“We should not be afraid of the things we do not know. We should look at these new tech-
nologies and we should see what they can mean for us in society and we should use them in 
a safe and responsible manner.” – DWARS

This viewpoint of DWARS seems to resonate quite well with the idea of responsible re-
search and innovation (RRI), which aims to conduct early assessment and contribute to 
shaping research and development (R&D) processes so that they are aligned with societal 
values and needs (Von Schomberg, 2013). In this regard, DWARS, however, also saw an 
important role for politics, as outlined in their political pamphlet: 

“DWARS encourages regulation of synthetic biology through politics. Self-regulation by 
science could create conflict of interest and could hamper public acceptance of synthetic 
biology.” – DWARS

SGPJ/PerspectieF also advocated that synthetic biology should be heavily subjected to 
political control, not least because synthetic biologists would be too biased:
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“You should not give a blank cheque to scientists. … Politicians should be eager to control 
synthetic biology. Synthetic biologists should not take the lead in that reflection. Scientists 
are intensively driven by their curiosity and by the opportunities and advantages of their 
discoveries. You could say that it is their job to be biased towards the positive side.” – SGPJ/
PerspectieF

The CDJA, which was also critical of synthetic biology throughout the entire discussion, 
clearly agreed synthetic biologists should not be allowed complete freedom. In its resolu-
tion on synthetic biology, it introduced another reason for this view, namely that of inter-
generational justice (cf. European Group on Ethics, 2009) and stewardship:

“This [stewardship] implies that one generation should not be allowed to impose its prefer-
ences on future generations. This principle has broad implications. In this regard, it is hard to 
assess the consequences of emerging biotechnologies. … Therefore, precaution is warranted 
against applications that may have long-term consequences for man and the environment.” 
– CDJA (author’s translation)

This perspective did indeed translate into a rather restrictive regulatory proposal put 
forward by the CDJA: 

“We feel this is not a desirable development and we feel that we should govern it by ex-
ception. So prohibit it all and then per development decide whether you want to make 
an exception for this specific development or not. And that would be our main line. We 
would be willing to make an exception, for example for drug development for very critical 
diseases.” – CDJA

In addition, the CDJA brought attention to the issue of public funding. Synthetic biology 
research is often publicly funded and therefore calls for timely political perspectives:

“If you look at where the research takes place, it´s mostly publicly funded institutions. So, 
as a government and as politics, we don´t merely need to accept what is going on, we are 
actually for a large part funding what is going on and as such, we also need to have an 
opinion and merely accepting that it happens and letting it happen for me, is a bit too pas-
sive.” – CDJA 

DWARS remained unconvinced of meaningful regulation via funding schemes, since 
this would significantly limit science and private entities would still conduct research on 
synthetic biology. The Young Democrats agreed that this would limit science too much. 
According to the spokesperson of the iGEM of the University of Freiburg, the current 
regulations are already limiting the development of synthetic biology:
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“I don´t know all the laws by heart but I feel they [regulations] are too strict and too para-
noid in many points. You are asked to perform security requirements that are completely 
useless in the lab for working with microorganisms for example. They are exposing you to a 
lot of extra work that is unnecessary and also expensive. It´s blocking the science.” – iGEM 
University of Freiburg

The spokesperson was strongly supported by the representative of the Young Democrats, 
who stood up for scientific freedom and explicitly expressed faith in scientists:

“We ended up concluding that on the one hand, you cannot sort of pre-empt every new de-
velopment, you can´t know in advance what´s going to happen, so laws and legislations are 
necessarily going to lag behind; but I don´t think you should want to do that either. Because 
what we considered is that ultimately if you look at evil intentions creating bio-weapons 
and things like that, the best defence against that is transparency; it´s openness. Knowing 
what is going on in the field, that allows scientists, and we have faith in scientists”. – Young 
Democrats

The Young Socialists also pleaded for freedom in research in synthetic biology and in other 
potentially dangerous technologies, as noted in their pamphlet: 

“Although synthetic biology research has potential dangerous consequences we should 
continue with synthetic biology research as well as research in other potential harmful 
technologies. Firstly, if we would stop with every technology which is potentially dangerous, 
we can stop with almost every technology. Second, we cherish academic freedom as a right 
and we want to keep it that way (with exceptions for some excesses). Third, although it 
has potential dangerous consequences, synthetic biology also offers many benefits.” – The 
Young Socialists

The apparent lack of trust of some PYOs did not pass unnoticed by the iGEM teams. 
Against this backdrop, the representative of the iGEM team of the University of Freiburg 
shared an idea that aimed to increase trust, namely an oath for synthetic biologists (iGEM 
Freiburg, 2011):

“There is so much mistrust in science and in the scientists; if you trust doctors with your 
life, why don´t you trust the scientists? That gave us the idea that we should do something 
about this and build up some trust. We thought how do the doctors get their trust and they 
have the Hippocratic oath and I think that´s what we need for scientists too. We need some 
statement, what we are standing for.” – iGEM University of Freiburg
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Interestingly, explicit calls for public engagement also stemmed from iGEM. Perhaps this 
attitude towards society will also contribute to the building of societal trust: 

“I really think it´s important … to achieve transparency and in the UK we do it through public 
engagement. It´s a political tool used to spread awareness. … When they are empowered 
with the knowledge, they can then formulate their own independent opinions. That is unbi-
ased, coming from their own. It´s not influenced by a mother who tells you this, the media 
who tells you this or politicians.” – iGEM University College London

The representative of the iGEM team from the University of Leuven also expressed the 
need to reach out to the broader public:

“We learned that we want to inform people but most of us are just scientists and we are 
not trained enough to inform other people but we are really willing to. We are not just 
monsters creating bigger monsters or something. We really want to inform the public.” – 
iGEM University of Leuven 

Turning back to the PYOs, the institute heard several – occasionally opposing – viewpoints 
on the amount and timing of governmental regulation of synthetic biology. However, 
there was also agreement on what elements could contribute to proper governance of 
synthetic biology. There were pleas for some form of ethical deliberation on synthetic 
biology by means of ethical (advisory) committees that could assess the developments on 
a case-by-case basis. The Young Socialists, for instance, noted that:

“It is important to look at every case individually. So, don´t say, well, this area of science is 
good so it´s allowed and this area of science is bad so it is not allowed. We should take every 
case as an individual case because the technology is new. They will explore new things, and 
every case is different.” – Young Socialists

DWARS took a similar position, but added that it should be a multidisciplinary committee 
that certainly does not consist of only scientists. The CDJA was of course much more 
critical, but in terms of governance also pleaded for such a committee: 

“You can of course decide to make a committee for more cellular things in which permis-
sions and exceptions are given more easily: when it comes to vertebrates where you take 
a stricter ethical committee and where it comes to humans, you basically say no unless the 
government and parliament approves.” – CDJA

In conclusion, issues relating to power and control played a crucial role during the MOYM 
debate. The discussion was, however, primarily focused on (traditional) legislative and 
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executive power. Broader issues such as consumers’ responsibilities were not discussed. 
Perhaps this is not surprising, because politically engaged young people are likely to frame 
issues in such political terms. Nevertheless, the discussion showed several dissenting 
viewpoints on how synthetic biology should be dealt with, which might cause tensions as 
synthetic biology matures. 

6.5 Comparing PYOs with their affiliated parties
In the previous sections it became clear that the PYOs that participated in the MOYM 
have divergent views on synthetic biology. In this section I will cautiously reflect on how 
the positions taken by the PYOs relate to the views of their mother parties. Since there 
has been no real political debate on synthetic biology in the Netherlands to the date 
of the writing of this article, comparison is only possible by considering positions taken 
towards earlier biotechnologies. Another limiting factor is that for the last decade, the 
debate has been dominated by discussions on GMOs in agriculture and the position of 
large biotechnology companies (Weel, 2009). Nevertheless, making a brief comparison 
may provide a useful picture of the views as they relate to those of the mother parties, 
especially because synthetic biology may raise questions that cannot self-evidently be 
answered from established political ideologies. 

SGPJ/PerspectieF were critical of synthetic biology. They were concerned about the poten-
tial risks, but – while finding it difficult to make a definitive judgement – also expressed 
reservations from a Christian point of view. This position correlates with earlier views 
expressed by the SGP and ChristenUnie. According to SGP, advances in nanotechnology 
and biotechnology give rise to fundamental questions, such as ‘What is life?’. And while 
modern humankind lacks perspective on this question, SGP considers its view as clear and 
valuable: God is the creator of all life and natural boundaries therefore exist for a reason . 
Similarly, the ChristenUnie also objects to interfering with God’s creation (SGP, n.d.; Weel, 
2009). 

Furthermore, the Christian CDJA contested the developments in synthetic biology as well. 
It believed that synthetic biology should be banned in general but may be allowed in 
exceptional cases. This corresponds with the CDA’s view on animal biotechnology. On the 
other hand, the CDA has been a strong supporter of (agro-)biotechnology applications in 
the growing of crops (CDA, n.d.; Weel, 2009). The critical stance of the CDJA towards syn-
thetic biology is therefore not self-evident. The fact that synthetic biology allows deeper 
interventions in organisms compared to earlier biotechnology may be an important factor 
in this regard.

Just like the PYOs just mentioned, PINK!, related to the Dutch animal-welfare party, the 
Partij voor de Dieren, was concerned about synthetic biology. The Partij voor de Dieren 
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has been very critical of earlier biotechnologies, in relation to both animals and plants. 
According to the Partij voor de Dieren, genetic modification constitutes an unjustifiable 
violation of the genetic integrity of animals and plants and poses severe ecological risks 
(Partij voor de Dieren, n.d.-a, n.d.-b). The views of PINK! therefore correspond to the 
views of the Partij voor de Dieren.

Turning to the PYOs that were more liberal towards synthetic biology, the Green-oriented 
DWARS turned out to be fairly open to synthetic biology. As I already outlined in the section 
on innovation, its mother party, GroenLinks, has a strong tradition of being against genetic 
modification (GroenLinks, n.d.; Weel, 2009). While noting that genetic modification was 
mostly met with resistance by its members, DWARS, however, proposed exploring where 
genetic modification fell short and believed that synthetic biology may contribute to the 
common good, such as improving health and combatting climate change. In comparing 
the PYOs and their mother parties, this is perhaps the most striking deviation.

The Young Socialists, related to the Dutch Labor party, the Partij voor de Arbeid (PvdA), 
seemed even more liberal towards synthetic biology than DWARS. According to their orga-
nization, the Netherlands should strive to reach a leading position in the field of research 
and the government should not unnecessarily obstruct research with bureaucracy. In 
comparison with the viewpoints of the PvdA on earlier biotechnologies this seems more 
liberal. In the past decade, the PvdA has voted in favor of biotechnology developments on 
several occasions, but has always employed a case-by-case approach to biotechnology ap-
plications (Weel, 2009) and thus has objected to certain applications (Heselmans, 2013). 
As discussed in the section on power and control, the Young Socialists also advocated a 
case-by-case approach, but expressed great enthusiasm towards synthetic biology.

The Young Democrats also welcomed the developments and repeatedly stressed synthetic 
biology’s potential to address urgent challenges. This position correlates with the sup-
portive views of its mother party, D66. For instance, in its 2014 election programme for 
the European parliament elections, it notes that agro-biotechnology should be seen as an 
opportunity and restrictions should be lifted (Montesquieu Instituut, 2014).

In conclusion, most of the PYOs’ positions seemed to be in harmony with viewpoints 
expressed earlier by their mother parties. However, the Young Socialists seemed to be 
more liberal than the PvdA. Furthermore, the CDJA was very critical of synthetic biology 
throughout the debate. This view compared to that of the CDA is interesting, because 
traditionally the party has been very reluctant to accept animal biotechnology but has 
supported the use of biotechnology in crop agriculture The most remarkable deviation 
from party tradition was the openness of DWARS towards synthetic biology, since its 
mother party, GroenLinks, has objected to genetic modification fiercely in the past. 
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7. Discussion

By organizing the MOYM debate, the Rathenau Instituut aimed to broaden the debate 
on synthetic biology early on in its development. As mentioned in the introduction, this 
activity corresponds with the shift in the focus of TA towards more ‘early engagement’ 
in the last ten years and the move ‘upstream’ in the innovation process (Albrecht et al., 
2015; Grunwald & Achternbosch, 2013; Wilsdon & Willis, 2004). The idea of a MOYM 
was evidently sparked by the fact that the European–African Jamboree was held in the 
Netherlands. Nevertheless, this experimental event seemed to be a successful attempt to 
broaden the debate on synthetic biology and support mutual learning and understanding 
among the participants. First, the positive outcome was enabled by the open culture of 
iGEM towards society and societal issues, thus underscoring the ongoing relevance of 
iGEM for RRI and TA. To quote one of the iGEM participants’ closing statement: “I think 
that this kind of debate is very useful in assessing where everyone in society is and syn-
thetic biology should definitely be kept going in this kind of style.” Second, PYOs turned 
out to be valuable stakeholders to involve early on in a discussion about synthetic biology.

Given the positive outcome of the debate and the shift of TA towards new and emerging 
science and technology, collaboration with PYOs may be worth further consideration. In 
a broader perspective, collaboration with PYOs demonstrated that addressing political 
parties – rather than parliament itself – may be sensible for TA and RRI practitioners. In 
this regard, a political party should not be seen as a unity but as a multitude of organs 
and related bodies (Van Rooyen, 2009). Several of these ‘political party-affiliated orga-
nizations’ could fulfil a valuable role in examining the potential significance of emerging 
technologies for the political party they are connected to. As well as applying to PYOs, this 
could apply to political think tanks (or scientific bureaus) and political working/advisory 
groups. Such organizations have not – to the best of my knowledge – been consulted (at 
least not prominently) in the practice of TA. In view of what was learned from the MOYM, 
I consider the potential value of engaging with political parties in TA and RRI activities a 
topic worthy of further research.

8. Conclusion

For a couple of years now, the Rathenau Instituut has aimed to facilitate early political 
engagement with synthetic biology in the Netherlands. In this article I discussed one of 
the activities that took place in this context: the MOYM. By fostering dialogue between 
‘future politicians’, represented by Dutch PYOs, and ‘future synthetic biologists’, repre-
sented by iGEM participants, the institute aimed to broaden the debate on synthetic 
biology and support mutual learning and understanding among the participants. With 
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regard to the latter, I would like to make the following remarks. On the one hand, the 
PYO representatives are not experts on synthetic biology, but they are used to debating in 
public. On the other hand, the iGEM representatives are experts on synthetic biology – in 
comparison – but they are not used to such public debates. So both groups were both in 
and out of their respective comfort zone at the same time. Moreover, they treated each 
other with great respect. The spontaneous applause of the audience, consisting mostly of 
iGEM participants, after each comment – including the highly critical ones – is noteworthy.

In mapping the different viewpoints, several issues on which the PYOs disagreed with each 
other and the iGEM representatives could be found. In fact, several viewpoints seem irrec-
oncilable. This is important, since the (pluralistic) composition of participants corresponds 
to (but does not speak on behalf of) different voices in society, such as the right wing, the 
left wing, Christians, Greens and those who are animal-welfare oriented, etcetera. Having 
said that, the results of the debate are limited as well. The PYOs understood synthetic 
biology primarily from the perspective of (traditional political) legislative and executive 
power, thus leaving other societal perspectives (such as consumers’ responsibilities) 
unaddressed. Furthermore, the JOVD and ROOD did not participate, which is important 
because they are connected to big political parties. The JOVD’s mother party, VVD, even 
won the last two elections. In addition, the Party for Freedom is not affiliated with a PYO. 
Therefore, the perspectives of three important Dutch political parties were absent from 
the debate.

Nevertheless, given the absence of a comprehensive political debate on synthetic biology 
– and accordingly a lack of data on political viewpoints thereon – the discussion hope-
fully contributes to understanding where political challenges may arise. Accordingly, in 
conclusion I will highlight four issues on which opposing viewpoints were taken and that 
therefore may be a potential source of political and societal tension: 

• The need for synthetic biology
During the MOYM there were opposing viewpoints on how important synthetic biology 
can be for society. On the one hand, the Young Socialists, the Young Democrats and (to a 
lesser extent) DWARS advocated that society can benefit tremendously from the field. The 
Young Democrats – backed up by several iGEM representatives – even argued that there is 
risk in not using synthetic biology and that it can aid humankind in undoing damage it has 
done. On the other hand, PYOs such as SGPJ/PerspectieF and PINK! argued that we do not 
need synthetic biology to address the grand challenges that societies are facing. Focusing 
on the technology might only distract from real solutions and even pose unnecessary 
risks. 
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• Concerns about deliberate release
Several envisaged applications of synthetic biology encompass the deliberate release of 
organisms into the environment. Consider, for instance, the use of GMOs to clean up 
plastic or oil spills in the ocean or to make desertified land fertile again [67]. During the 
MOYM, the majority of PYOs were very worried about such applications. PYOs such as 
PINK! and SGPJ/PerspectieF – that generally believe that synthetic biology is too complex 
to grasp and control – took this position. But for a PYO such as DWARS – which was fairly 
liberal towards and optimistic about synthetic biology – deliberate release also seemed 
too dangerous a risk. On the basis of the MOYM, we can thus expect that this kind of 
applications are likely to lead to intense debate as synthetic biology matures. 

• Moral boundaries
Whether it is the notion of ‘humans as creators’ or the intrinsic value of life and nature 
that is important, the MOYM demonstrated that such notions play a real and important 
role for some PYOs and that synthetic biology is perceived to challenge these notions. Ac-
cordingly, they strongly influence how PYOs such as PINK!, the CDJA and SGPJ/PerspectieF 
understand synthetic biology and what policy choices they advocate. On the basis of the 
MOYM it is not easy to predict when developments in synthetic biology cross the type of 
moral boundaries that should not be overstepped, but nevertheless such concerns are 
likely to play an important role as the debate continues. 

• Political control
Lastly, the MOYM demonstrated contrasting viewpoints on the extent to which politics 
and government should aim to control the development of synthetic biology. The ele-
ment of trust plays an important role in this regard. On the one hand, PYOs such as the 
Young Democrats and the Young Socialists expressed great trust in synthetic biologists 
and stated that governmental interference would only obstruct innovation. On the other 
hand, the concerned PYOs were convinced that synthetic biologists should not be allowed 
unlimited freedom of action and that the development of synthetic biology should thus be 
subjected to stringent political and governmental control from an early stage.

How exactly the Dutch debate will evolve in the future remains to be seen. By organizing 
the MOYM the Rathenau Instituut aimed to contribute to timely political opinion-making 
on synthetic biology. The results of the MOYM demonstrate that balancing and reconciling 
the different viewpoints is likely to prove a major challenge and will have an impact on 
the development of synthetic biology in the Netherlands. Hopefully, the discussion at the 
MOYM has contributed to understanding what kind of issues are likely to play a role and 
to helping stakeholders to anticipate them.







Chapter 6
Constructing future scenarios as a 
tool to foster responsible research 
and innovation among future 
synthetic biologists



Abstract

The emerging field of synthetic biology, the (re-)designing and construction of biological 
parts, devices and systems for useful purposes, may simultaneously resolve some issues 
and raise others. In order to develop applications robustly and in the public interest, it is 
important to organize reflexive strategies of assessment and engagement in early stages 
of development. Against this backdrop, initiatives related to the concept of Responsible 
Research and Innovation (RRI) have also appeared. This paper describes such an initiative: 
the construction of future scenarios to explore the plausibility and desirability of potential 
synthetic biology innovations. We guided teams of synthetic biology students who par-
ticipated in the large international Genetically Engineered Machines (iGEM) competition, 
in constructing scenarios aimed at exploring the plausibility and desirability of potential 
synthetic biology innovations. In this paper we aim to examine to what extent, and how, 
constructing such future scenarios contributes to RRI. In order to do so, we conducted 
observations and interviews to understand what kind of learning and reflection was 
promoted by constructing the scenarios in terms of four dimensions, which are discussed 
prominently in the literature on RRI: anticipation, inclusion, reflexivity and responsiveness. 
While we focus on how constructing future scenarios can contribute to strengthening RRI 
at a project (and individual) level, we also consider how far our experiment may foster 
RRI in the iGEM competition in general, and perhaps even inspire constructive collabora-
tion between ‘social scientists’ and ‘natural scientists’ in the context of larger scientific 
research programmes.
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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 and Cranenburgh 2013, p. 1219). The field has attracted 
worldwide attention (see, for example, Church et al. 2014; Kaebnick et al. 2014; Si and 
Zhao, 2016). Some regard synthetic biology as a valuable tool in addressing important 
challenges in, for example, (public) health, natural resource management and energy 
security. At the same time, there are also concerns about potential risks as well as moral 
and social issues, for instance on the limits of ‘tinkering’ with life and nature or the socio-
economic implications for developing countries (Rerimassie et al., 2016; ERASynBio, 2014; 
IAP, 2014). 

Against this backdrop, several organizations made early assessments of potential ethical, 
legal and social aspects (ELSA) of synthetic biology and stimulated public engagement on 
the subject (see Rerimassie et al., 2016). In addition, initiatives related to the emerging 
concept of ‘Responsible Research and Innovation’ (RRI) have been playing a prominent 
role, particularly in Europe. One popular early definition of RRI appears in the 2013 policy 
document ‘Options for strengthening responsible research and innovation’ published by 
the European Commission. According to this definition, RRI “refers to the comprehensive 
approach of proceeding in research and innovation in ways that allow all stakeholders that 
are involved in the processes of research and innovation at an early stage (A) to obtain 
relevant knowledge on the consequences of the outcomes of their actions and on the 
range of options open to them and (B) to effectively evaluate both outcomes and options 
in terms of societal needs and moral values and (C) to use these considerations (under A 
and B) as functional requirements for design and development of new research, products 
and services” (EC 2013, p.3). 

The term RRI was not introduced by the research field itself but in a top-down fashion 
by science policy-makers and various funding agencies mostly within the European Com-
mission (first employed in the 7th Framework Programme in 2013). Regardless, RRI has 
attracted widespread academic attention, and accordingly has been – and continues to be 
– discussed and developed in academic publications and European-level projects (Burget 
et al., 2016; Zwart et al., 2014). 

Without using the exact term, a discourse on responsible development of nanotechnol-
ogy was already evident in the mid-2000s, according to Rip (2014). Indeed, the concept 
of RRI did not emerge out of the blue but builds upon earlier approaches and concepts 
on dealing with issues and questions related to scientific and technological development 
(Burget et al., 2016). In the field of the Life Sciences for example, bioethics emerged in the 
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1980s as a plea to involve professional ethicists in addressing moral dilemmas in medicine 
and health care (Zwart et al., 2014). RRI also strongly draws on Technology Assessment 
(TA) and its various approaches (Zwart et al., 2014; Van Lente et al., 2017; Van Est, 2017). 
Especially important is Constructive TA (CTA), which shifts the focus away from assessing 
impacts of new technologies to broadening design, development, and implementation 
processes. CTA builds on the concept of ‘co-evolution’ between science and society that 
was put forward by ‘science and technology studies’ (STS). Accordingly, CTA is one of 
the TA approaches in which stakeholders’ participation (and involvement of society in 
a broader sense) plays a crucial role (Schot and Rip, 1997; Krabbenborg, 2013). Another 
relevant approach is Real-time TA, which aims to integrate natural science and engineer-
ing investigations with social science and policy research from the outset (Guston and 
Sarewitz, 2002). 

Next to TA, ELSA (or ELSI in the US39), which stands for ethical, legal and social aspects of 
emerging sciences and technologies, emerged in the 1990s, serving as another important 
source of inspiration for RRI. The purpose of ELSA research was to provide a social and 
ethical component to science and technology development programmes (Forsberg et al., 
2018; Zwart et al., 2014). Last, RRI is related to the concept of ‘anticipatory governance’, 
which is described as “a broad-based capacity extended through society that can act on a 
variety of inputs to manage emerging knowledge-based technologies while such manage-
ment is still possible” (Guston 2014, p.219). It is intended to motivate activities designed 
to build subsidiary capacities in foresight, engagement, and integration, as well as through 
their production ensemble (Barben et al., 2008).

Furthermore, and in addition to building on these earlier concepts and approaches, RRI 
is strongly connected with ‘grand societal challenges’. Particularly in EU science policy, 
addressing such challenges has gained prominence. For instance, the Horizon 2020 pro-
gramme defined tackling societal challenges as one of its main priorities (EC, 2013). Orien-
tation towards such grand societal challenges – or, more broadly speaking, desirable social 
goals – is reflected in several definitions and projects related to RRI (e.g. Von Schomberg, 
2013). As Zwart et al. note, the overall framing and explicit link to innovation and grand 
challenges distinguishes it from earlier approaches, such as TA and ELSA; the framing gives 
much more weight and urgency to the matter of channeling science to the common good. 
Finally, RRI can also be understood as a response to the dissatisfaction with earlier forms 
of interdisciplinary collaboration between natural and social scientists in socio-technical 
knowledge production and innovation. In such projects social scientists run the risk of 
being viewed as ‘nay-sayers’, the voice of negative criticism, which significantly constrains 

39 As Zwart et al. (2014) explain, in the US the term implications (hence: ‘I’ was used), while later, in the EU framework, 
the term ‘aspects’ (‘A’) was used. Generally, this was seen as an effort to broaden the scope of the research, i.e. to 
avoid the flawed linearity implied by ‘implications’ and to launch a European alternative to the US version.
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opportunities for bringing about changes in practice and for productive relations between 
natural and social scientists (Balmer and Bulpin, 2013).

Having now traced some of the roots, developments and ideas behind RRI, it is still not 
easy to come up with a clear-cut definition of RRI. In their 2016 literature review article, 
Burget et al. found no fewer than 235 RRI-related articles and concluded that there is still 
a lack of clarity concerning its definitions and dimensions. At the same time, they show 
that there is considerable interest in RRI. Having been promoted by the European Union 
(EU), national initiatives also emerged. For instance, the Dutch Science Council (NWO) 
initiated a programme on ‘Maatschappelijk verantwoord innoveren’, the Dutch version 
of RRI (Van den Hoven et al., 2014) and in the UK RRI was applied in the context of geo-
engineering (Stilgoe, 2016). 

2. RRI in the context of synthetic biology

Initiatives to promote RRI in the field of synthetic biology emerged as well. One of these 
initiatives was SYNENERGENE40 (2013 – 2017), a European project that aimed to con-
tribute to RRI of synthetic biology by organizing activities that foster an open dialogue 
between a wide range of actors. SYNENERGENE organized multiple activities in order to 
mobilize a broad range of stakeholders to discuss what is socially desirable and how to 
collectively shape the development of synthetic biology accordingly (Albrecht et al., 2015; 
Stemerding, 2015).41 

In this paper, we reflect on one of these activities, where collaboration was sought with 
the community related to the international Genetically Engineered Machines (iGEM) com-
petition. In the iGEM competition, teams of students use standardized genetic building 
blocks (BioBricks™) to design micro-organisms 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 autumn to present their work. Because of its notable 
scale and scope42, the iGEM competition (and the iGEM community) is recognized as being 
very influential in the development of synthetic biology (Balmer and Bulpin, 2013; Smolke, 
2009). One aspect of the competition, relevant to this paper, is the so-called ‘Human Prac-
tices’ work in which all teams engage. This work entails going ‘beyond the lab’; students 

40 Funded by the European Commission’s FP7 Science in Society Work Programme.
41 The Rathenau Instituut, the Dutch office for Technology Assessment and Science System Assessment, (the em-

ployer of VR and DS) promoted political and social engagement with synthetic biology early on in its development 
(Rerimassie, 2016). The concept of RRI offered an additional and inspiring perspective for the institute to broaden 
its range of engagement activities regarding synthetic biology (Stemerding, 2015). The same applied to the Athena 
Instituut (employer of AWB, FK and JEWB) whose aim is to study and design constructive interfaces between sci-
ence and society. For these reasons, the participation of both institutes in SYNENERGENE was appealing.

42 In 2014, 245 teams with a total of 4515 students participated in the competition.
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have to imagine their projects in a real-life context and consider the social 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”.43 

It is argued that the iGEM competition can be seen as an RRI laboratory (Stemerding, 
2015) and therefore provided us with an interesting space to learn about the further 
operationalization of the relatively new concept of RRI. In order to do so, we developed a 
two-step approach dedicated to imagining plausible and socially desirable synthetic biol-
ogy futures, largely inspired by the concept of Real-time TA (Guston and Sarewitz, 2002). 
First, from 2014 to 2016, we supported a number of iGEM teams in parts of their ‘Human 
Practices’ work, coaching them in constructing future scenarios aimed at examining the 
plausibility and desirability of their synthetic biology design. We define these activities as 
a technological options-oriented approach to RRI. Here, Real-time TA served as a stimulus 
to broaden technological design and development by increasing interaction and reflexiv-
ity, ‘opening up’ the laboratory to society (Doorn et al., 2013). As a follow-up activity, we 
deliberately shifted our focus to a societal objectives-oriented approach to RRI, engaging 
social stakeholders and scientists in a process of ‘mutual learning’ (Calvert and Frow, 2013; 
Raman, 2015; Selin et al., 2015) through interactive stakeholder workshops. Our approach 
thus explicitly sought to connect our activities with ‘grand societal challenges’. In order 
to ensure synergy between the two approaches we organized them around specific chal-
lenges, such as antibiotics resistance and renewable energy. Our Real-time TA approach 
thus involved two forms of future-oriented reflexivity. On the one hand, young synthetic 
biologists were challenged to critically examine technological promises and expectations 
by stepping into the wider world and engaging with social stakeholders. On the other, so-
cial stakeholders were invited to critically consider the nature of social problems, needs, 
values and purposes and the potential role of synthetic biology in responding to these 
challenges (Stemerding et al., 2019). This paper focuses on our experiences in the first 
year of SYNENERGENE in which we guided seven teams in constructing future scenarios. 
This paper aims to examine to what extent constructing such future scenarios – and its 
accompanying activities and learning process – can be seen as a contribution to RRI. Ac-
cordingly, we formulated the following research question:

To what extent, and in what ways, can constructing 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 elaborate on 
our research strategy and the analytical concepts we used for data analysis, followed 

43 See: www.igem.org/human_practices. 
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by a discussion of the findings. Finally, we share lessons and draw conclusions. Here we 
consider how constructing future scenarios can contribute to RRI at a project level and 
iGEM in a broader sense, as well as the extent to which it may serve to inspire fruitful 
collaboration between the social sciences and natural sciences in the context of major 
research programmes.

3.  Imagining the future with application scenarios and techno-
moral vignettes 

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 external world in the virtual innovation (also called ‘the virtual prototype’). This 
can be seen as a way to conceive virtually of possible variations of future embedding of 
technologies, which can then be assessed in terms of plausibility and desirability (Selin 
2011). In this sense future-making by means of scenarios can help to give a more concrete 
shape to variations of development trajectories, and to be able to analyze the explicit and 
implicit stories that feature in dealing with futures (Selin, 2008; 2011). 

In our project, 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 describe how a particular innovation might be taken up in this context. 
Techno-moral vignettes are fictional with the aim of triggering imagination and reflecting 
on the desirability of a technology. These can use any genre, depicting future snapshots 
of wider social implications and value conflicts as ‘soft impacts’, in worlds where particular 
(synthetic biology) applications are imagined to have been widely adopted (Lucivero 2012; 
Swierstra and Molder, 2012). An important challenge to note here is finding a balance 
between being too speculative or not speculative enough. As explained by Lucivero et 
al. (2011) the concept of plausibility is inherently intersubjective. This situated nature of 
judgments can be regarded as problematic, but, as Lucivero et al. (2011) argue, also allows 
us to explore and analyze the assumptions that characterize someone’s background and 
vision. 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 
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to incorporate these insights into their virtual prototype. During the iGEM project, the 
teams were coached by two STS researchers – authors AWB and VR – using the two sets 
of guidelines to give shape to the coaching process. In this, the coaches paid specific 
attention to those aspects that were not considered (enough) by the iGEM students or 
that the students were struggling with, for example in exploring soft impacts and alterna-
tive visions of their future scenarios. The coaching 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. Despite our coaching role, we 
should underline that – in the spirit of the iGEM competition – the starting point was that 
the students themselves bore the primary responsibility for the scenario work. 

The real-time TA activities in which the teams engaged should also be seen as learning 
processes. While choices in the design of a technology reflect the choices of the innova-
tor, 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. In addition, the potential value of the scenarios is not limited to the iGEM team 
developing them. An important external purpose in human practices for iGEM teams is 
Education and Public Engagement, in which scenarios may serve as a medium for com-
munication and debate with stakeholders or the broader public. Indeed, as SYNENERGENE 
partners, we have used such scenarios in theatrical debates, involving publics in discus-
sions about futures of synthetic biology (van der Meij et al., 2017b).

4. Research strategy and analytical concepts 

For this study we examined the (learning) experiences of seven iGEM teams that we 
guided in their scenario work from May to October 2014. The teams consisted of 10–21 
students with various disciplinary backgrounds, such as (molecular) biology, biotechnol-
ogy, engineering, (bio)chemistry, bioinformatics, and computer science (BSc and MSc 
levels. (See Table 6-1 for details.) 

4.1 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 
(Stilgoe et al. 2013). There were two main reasons to use this framework. First, given our 
interest in learning experiences, the framework proved valuable in terms of learning by re-
search scientists, when Stilgoe (2016) put it to practice in the context of a geo-engineering 
project of the Engineering and Physical Sciences Research Council, (which is committed 
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to developing and promoting RRI as well). Second, as Burget et al. (2016) point out, while 
the concept of RRI is discussed in different ways, these specific dimensions nevertheless 
appear prominently in the RRI literature. Accordingly, the framework matches the needs 
for our analysis, i.e. trying to understand the iGEM teams’ learning in terms of RRI, and 
the future operationalization of RRI. For each dimension we distilled key questions and 
indicators, set out in Table 6-2. 

4.2 Data collection and analysis
The results we present in this paper focus on the experiences of the students in doing 
the scenario work. The data were obtained from our observations during the guidance 
of the scenario work, document analysis, and semi-structured interviews with the teams 
a few weeks after the jamboree. The different methods informed one another and thus 
strengthened the subsequent analysis.

• Observation 
During the guidance of the scenario work, the supervisors made notes of their observa-
tions 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 

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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and give more coherence to the narratives of the students’ experiences (see, for example, 
Emerson et al. 2001, p. 388). 

• Document analysis
We also used the outputs of the teams – their scenarios, vignettes, text on their wikis, and 
their presentations – as a means to further interpret 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 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 2013, p. 48). 

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 the limitations 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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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 for example: 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, we adopted a bottom-up coding approach in which we stayed closer to our data 
to explore different interpretations of the four dimensions or sub-elements in the context 
of their (learning) experiences. 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). 

5.  How did the scenario work contribute to RRI practices 
according to iGEM students? 

In this section we describe our findings in terms of the four RRI dimensions and their 
indicators. Looking back at the scenario work, what did the iGEM teams experience and 
learn with respect to RRI? In order to illustrate our findings, we use quotes from the 
iGEM teams, mainly to highlight recurring themes. Occasionally, however, they illustrate a 
particular learning experience (limited to a specific team), which is mentioned if this is the 
case. First, we will give a brief impression of the scenarios developed by the iGEM teams.

5.1 The scenarios developed by the iGEM teams
In terms of reporting towards SYNENERGENE, we asked the iGEM teams to provide a writ-
ten description of their scenarios. Other than this, we did not impose any formal require-
ments of how they depicted their scenarios. All of the teams integrated their scenarios in 
their team websites (‘wikis’) 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 social context of their 
project, such as outlining the (social) problem being addressed, business plan and regula-
tory context. All the teams did this, but the work of iGEM Wageningen44 and iGEM Tufts45 
were particularly good examples. In the guidelines for the construction of techno-moral 
vignettes we provided the teams with examples of vignettes previously developed in the 
‘synthetic biology scenarios project of the Dutch Rathenau Instituut46, and the techno-
moral vignettes made by the teams were inspired by these examples. Teams often created 

44 http://2014.igem.org/Team:Wageningen_UR/outreach/synenergene. 
45 http://2014.igem.org/Team:Tufts/app_scenarios. 
46 Examples of these scenarios can be found in Rerimassie & Stemerding (2014)
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short stories focusing 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 here are the vignettes prepared by iGEM Darmstadt47 and iGEM LMU-Munich48. 
Clearly, the outputs of the different teams varied but they were all successful in develop-
ing perceptive and informative scenarios and vignettes. Although outputs can be judged 
in several ways, we consider ‘success’ not to be a measurable or objective valuation of 
their work, but rather focus on how the work contributed to their learning process. 

5.2 Anticipation
Stilgoe et al. (2013) describe anticipation as the capacity to recognize complexities and 
think systemically, thereby generating 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 inquiry, (2) seeing the bigger picture, and (3) considering ‘the outer world’ early in the 
process.

• Understanding the project as an iterative process of inquiry
One thing that stood out in the students’ experiences was how the scenario work helped 
them in creating an iterative process of inquiry. The first example below shows how stu-
dents 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, iGEM TU/e)

Connected to this idea of ‘going back and forth’ was what students described as the obli-
gation to tie up loose ends. As one student says:

“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, iGEM 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.

47 http://2014.igem.org/Team:TU_Darmstadt/PolicyandPractices/Techno-moralVignette. 
48 http://2014.igem.org/Team:LMU-Munich/Rathenau. 
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• Seeing the bigger picture
Another point that students often voiced related to how the construction of scenarios 
helped 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 in 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, iGEM TU Darmstadt)

Furthermore, the process helped in recognizing the interwoven technical and social ele-
ments of their innovation, beyond deficit ideas of the public.

“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, iGEM 
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, iGEM TU/e)

This quote shows that the scenario work helped them in answering questions and con-
sidering concerns before they were going to be asked about it. This sense of prepared-
ness was also beneficial to the students because it helped to motivate them. 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”. (iGEM Bielefeld-CeBiTec)

5.3 Inclusion
Following Stilgoe et al. (2013), inclusion should be seen as a learning process in which new 
forms of deliberation go beyond engagement with key stakeholders to open up discussion 
of future social worlds. From our results it becomes clear that the scenario work enhanced 
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 
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‘social constitutions’ inherent in technological options. Students described two experi-
ences 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. Inter-
estingly, in one case this insight led to not inviting any members of the public during the 
project. This was not because they did not want or did not see any potential to do so: it 
was more the question of the combination of time issues and the desire to do something 
only 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, iGEM TU Darmstadt)

For this team, the scenario work supported learning about inclusion that was very mean-
ingful to them. 

• 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 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 organiz-
ing feedback into the project. Many emphasized how pleased they were 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 SYNENER-
GENE 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 done otherwise, but it also reflects insights into plural 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 
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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 
creation 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, iGEM 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 
these insights to inclusionary practices, many students explicitly described how their 
experiences led to an increased understanding of the plurality of framings. 

5.4 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 strengthened 
the iGEM teams’ reflexivity. All teams expressed – in different ways – 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, at a personal level. 

First, the scenario work triggered a broader moral awareness. While it may have taken 
some time before this manifested itself, it was found to be 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 dis-
cussing 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, iGEM LMU-Munich)

The other team member continued:

“I think today science is very often very short-sighted. 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, iGEM LMU-
Munich)
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Another student described how he thought that the scenario work experience helped him 
to develop a more critical lens: 

“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 devel-
oped, which will remain, I’m sure”. (interview, iGEM 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 social 
perspectives. Interestingly, working on the scenarios turned out to be helpful in trigger-
ing such reflexivity in the context of basic research. The iGEM TU/e team developed a 
system called ‘Click Coli’, which would allow one 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, iGEM TU/e)

A representative of TUFTS drew the same conclusion:

“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, iGEM TUFTS)

5.5 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 
teams’ ‘responsiveness’: by opening up their design to 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 rural 
areas face a lack of access to (stable) power grids. Against this backdrop and given the 
limitations of currently available solutions, they argued that an off-grid system with low 
maintenance costs would be best suited to local conditions and population density to ad-
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dress 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 they took 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 it 
would be manufactured, and that the product should be suitable for downstream pro-
cessing. In the production of dye-sensitized solar cells it is common to use anthocyanins: 
pigments that are soluble in water. In order to facilitate easier shipping and reduce costs, 
however, the product should preferably be in powder form. For this reason, they changed 
their chosen dye 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)

• 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 objective was to develop 
this into a commercial product. 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 prod-
uct 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, iGEM RUG)

Working on the scenarios thus increased this team’s knowledge on how to implement 
their product. First, they targeted implementation in hospitals (where the band aid cer-
tainly would 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. 

5.6 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: (1) the importance of writing 
and guidance, and (2) the importance of a sense of meaningfulness. 
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• 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, iGEM TU/e)

In addition, many students commented on the positive effects of the collaboration with us 
as STS researchers. Most students found the multiple Skype conversations and feedback 
rounds essential. 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 said that at the beginning of the col-
laboration (on reading parts of the guidelines), they were concerned about their outputs 
not being up to standard or as expected by us. Even though we sought to emphasize 
that it was not the point to create perfect scenarios and that the value of (making) the 
scenarios lay in other (often unexpected) things, the undefined nature of possible outputs 
led to some concerns. Especially in an educational context (see below) these points might 
hamper the learning process in profound ways. 

• Meaningful human practices
Students often compared the scenario work to courses on social 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 hence 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.  Conclusion and discussion 

In recent years RRI has emerged as a novel approach in dealing with questions and issues 
relating to scientific and technological development, building on earlier traditions, such 
as Bioethics, ELSA and Technology Assessment. In the context of SYNENERGENE we aimed 
to operationalize RRI along two forms of future-oriented reflexivity. First, by following a 
technological options-oriented approach, focused on iGEM teams that critically examined 
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their innovation through the construction of future scenarios. Second, by following a 
societal objectives-oriented approach, stakeholders were invited (in a subsequent step) to 
discuss the nature of social problems, needs, values and purposes and the potential role 
of synthetic biology herein. This paper dealt specially with the former. In this concluding 
section, we will first consider whether the scenario work – including collaboration with us 
as ‘STS coaches’ – contributed to RRI on the ‘micro scale’ of the iGEM projects. In addition, 
we compare our findings to the conceptualization of these dimensions as described by 
Stilgoe et al. (2013). Next, we discuss the limitations of our study and consider to what 
extent our experiment can contribute to fostering RRI in the broader context of the iGEM 
competition. Finally, we consider – in all modesty – whether it can serve as an inspiration 
for constructive future collaboration between ‘social scientists’ and ‘natural scientists’ in 
the context of larger scientific research programmes.

6.1  Contribution of scenario work to the practice and conceptualization of 
RRI

Based on the results of our experiment, we conclude that the scenario work contributed to 
the operationalization of RRI in the context of the projects of the iGEM teams, (and thus, 
in the terminology of the competition, to meaningful human practices work). Overall, the 
results suggest a positive impact on the four dimensions of RRI: anticipation, inclusion, 
reflexivity, and responsiveness. Here, we will briefly discuss important findings related to 
each dimension, followed by a description of two interconnected ways in which we saw 
that that the scenario work contributed to RRI.

First, as described by Stilgoe et al. (2013), anticipation revolved around the develop-
ment 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 sug-
gest, 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, 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.

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 its own sake 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 
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mixed effects: students made attempts to emphasize how the public’s perspectives 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 theo-
ries that shape science and technology development and about moral division of labour 
within innovation should be opened up for enquiry. In our study, we observed that the 
scenario work facilitated awareness of other values and expertise, i.e. moral awareness. 
This shift towards reflection on one’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. We 
did not, however, see an increased awareness in terms of the limits of knowledge as such. 
Students did acknowledge other perspectives as being important (see above) but this 
was more about overcoming issues of acceptance and possible mismatches than a sign or 
reflexivity with regard to the limits of technical knowledge. 

Last, 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 scrutinizing the 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 plans, but this was more in terms of broadening their 
scope of looking for information and input for their project, as well as identifying mean-
ingful courses of action to move forward. Similar to what Ribeiro et al. (2017) describe, we 
saw that students tend to understand responsiveness in terms of making an appropriate 
connection between their innovation and the context of its use. Here, the fact that the 
students have to create a specific technological output influences the possible level of 
responsiveness, and it is challenging to find a balance between creating something tan-
gible that is also open at the same time (Ibid.), especially in the context of a competition. 
Accordingly, albeit beneficial, the teams’ responsiveness was not much based on (the 
acknowledgement of) responding to public values. 

We would at this point 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 
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scenario work and each individual innovation project made engagement more meaningful 
for the students; they took greater pleasure in doing it as they saw more added value in 
comparison to other (previously experienced) work into social dimensions of technol-
ogy 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, such as going back and forth between the written scenario 
and possible responses of the public towards their scenario.

In conclusion, our results suggest that several elements of RRI dimensions were enhanced 
by the scenario work. We do however, realize that our guidance as ‘STS coaches’ played 
an important role. In the spirit of the iGEM competition, the teams themselves were 
responsible for the process and our involvement was therefore limited. At the same time, 
we note that, for instance, monitoring whether aspects mentioned in the guide were 
considered, clarifying ideas and providing examples is still some form of intervention. It 
would be fair to assume that without this interaction – modest as it may have been – the 
results and learning experiences would have been different. 

6.2 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 different coaches – some by AWB and others by VR – this might have affected the 
scenario work and comparison of results. To minimize the potentially negative impact, 
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 responsible for the human practices part for their 
study, the results might not be the same for a different group of students. That having 
been said, it was not our aim to quantify how well the scenario work contributed to RRI, 
but rather in what ways.

6.3 Looking ahead
We conclude by considering whether our experiment could contribute to fostering RRI in 
the iGEM competition in general and perhaps even inspire constructive collaboration be-
tween ‘social scientists’ and ‘natural scientists’ in the context of larger scientific research 
programmes.

First, we note that the iGEM competition is a very specific context in which our experiment 
took place. Against this backdrop, we want to highlight the following positive aspect that 
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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 up results that constitutes an issue of relevance to the broader synthetic biology 
community (see, for example, Frow 2013; Pardo Avellaneda and Hagen 2016). According 
to the students in our study, the scenario work opened up the possibility to be more 
candid because they had more to communicate about. In other words, because they 
already had a grounded story, they did not have to make one up. As also suggested by 
Hartley et al. (2016), in identifying key features of responsible governance of biotech-
nology, we feel that these insights from students’ scenario work could be inspiring with 
regard to dynamics regarding issues of transparency and promises in communication and 
governance. Furthermore, we are fully aware that we were able to work with only a very 
small number of the iGEM teams that participated, and we learned that coaching was 
actually identified as one of the success factors. In the future application of the scenario 
work in iGEM this approach is not sustainable, however. The question is, therefore, how 
to make the guidelines usable without guidance of a ‘STS coach’. The initial guidelines 
were presented as successive steps in the form of a written protocol. Knowing that the 
SYNENERGENE project was coming to an end, and hoping to make a lasting contribution, 
the initial guidelines were developed into a more flexible and attractive, interactive web-
based tool, publicly available on the iGEM website as the “iGEMer’s Guide to the Future” 
(https://routecraft.com/interactives/igem/).49 Inspired by the feedback from the iGEM 
teams that worked with the initial guidelines, it was designed in a modular structure in 
which all – or just a few – exercises and tools can be used in various sequences. In addi-
tion, it was designed in such a way that the need for an STS coach was (hopefully) limited. 

Finally, the outcomes of this study also suggest some directions for collaborations be-
tween the natural and the social sciences (and humanities). As mentioned before, RRI 
can also be understood as a response to the growing dissatisfaction with earlier forms 
of interdisciplinary collaboration between natural and social scientists in socio-technical 
knowledge production and innovation. In such projects social scientists run the risk of 
being positioned as ‘nay-sayers’ (Balmer et al., 2016). Accordingly, there have been recent 
attempts to organize more constructive interdisciplinary cooperation on a programme 
level (see Forsberg et al., 2018). One such example was the institutionalization of Risk 
Analysis and Technology Assessment (RATA) in NanoNextNL, a large-scale Dutch national 
research and technology programme for micro- and nanotechnology (see Wezel et al., 
2017). We argue that interdisciplinary collaboration based around the construction of 
future scenarios may contribute to fostering further and inspiring integration of the social 
and natural sciences in such programmes and thus to the operationalization of RRI. 

49  The guide can be found on iGEM’s website here: http://2017.igem.org/Human_Practices/Resources. 







Chapter 7
Future making and responsible 
governance of innovation in synthetic 
biology



Abstract 

As partners in a European project for responsible research and innovation (RRI) in synthetic 
biology, we organized a collaborative and interactive process of real-time technology as-
sessment. This process consisted of two related activities complementing each other as 
different forms of future oriented reflexivity, one focusing on technological options, the 
other on societal objectives. For the first type of activity, we established a three-year col-
laboration 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. As a follow-up activity in this process of real-time and 
anticipatory technology assessment, we involved a variety of societal stakeholders and 
researchers in synthetic biology in workshop dialogues focusing on antibiotic 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 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.
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1. Making SynBio 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, 2011; Douglas & Stemerd-
ing, 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 Stephen Hilgartner 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 ‘bio-
economy’ (Hilgartner, 2015).

Such socio-technical imaginaries mostly serve as strategic visions in science policy dis-
courses, in which futures to be attained are predominantly shaped by science, technology 
and active industrial policy, often 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, seeking alternative, more inclusive and reflexive 
modes of imagining and using visionary narratives of emerging science and technology for 
the aims of responsible research and innovation (Calvert & Frow, 2013; Grunwald, 2016; 
Nordmann, 2014; Selin, 2014). We 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 significance it may have for stakeholders”(van der Burg, 2014, 
p.101) and creating joint spaces which invite stakeholders “to identify opportunities for 
innovation undertaken in the public interest” (Owen, 2014, p.114).

The argument in this article is based on our work in the context of SYNENERGENE (2013-
2017), a large European project which promoted RRI in synthetic biology by bringing 
together a wide variety of stakeholders and members of the public in order to facilitate 
a sustainable dialogue. 50As a contribution to this dialogue, SYNENERGENE partners es-
tablished a collaboration with the annual international Genetically Engineered Machines 
competition (iGEM), in which student teams from all over the world meet and compete 

50 See: www.synenergene.eu. 
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over the summer in SynBio projects51 (iGEM represents a fast growing community of 
dedicated young science students contributing to the development of synthetic biology 
as a new field of engineering. The competition format serves as an exceptionally motivat-
ing 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, SYNENERGENE partners initiated a three-year collaborative program 
of real-time technology assessment (Guston and Sarewitz, 2002). Our contribution to this 
program consisted of two related, but independent activities, complementing each other 
as different forms of future oriented reflexivity.

In 2014, the first year of SYNENERGENE/iGEM collaboration, we worked with eight iGEM 
teams whom we invited to explore opportunities and pathways for future innovation on 
antibiotic resistance, or renewable energy as two major societal challenges. We stimulated 
and supported the teams to think in more systematic and grounded ways about possible 
synthetic biology futures, exploring the feasibility and desirability of their innovations 
through ‘application’ and ‘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 con-
ditions to which these options should apply, and by exploring the experiences, visions and 
values of relevant actors. This approach can be defined 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 (Stemerding, 2015, Doorn et al., 2013).

In 2016, we organized a stakeholder dialogue event as a follow-up activity, in which we 
took up again the challenges of antibiotic resistance and renewable energy as our main 
topics of real-time TA in the field of synthetic biology. 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. At 
this event, we first explored the various ways in which societal stakeholders and policy-
makers defined the major societal issues and challenges with regard to antibiotic resis-
tance and renewable energy. Then, we discussed the kind of synthetic biology innovations 
that they considered as particularly desirable in this context. Thus, we deliberately shifted 
our focus to a societal objectives-oriented approach to RRI, engaging societal stakeholders 
and scientists in joint processes of ‘mutual learning’ (Balmer et al., 2016; Raman, 2015; 
Selin et al., 2015).

51 See: www.igem.org.
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In this paper, we discuss our experiences with both real-time TA activities as two comple-
mentary contributions to RRI. In the literature RRI has been generally defined in terms 
of four integrated dimensions: anticipation, inclusion, reflexivity and responsiveness 
(Burget et al., 2017, Stilgoe et al., 2013). Section 2 describes our collaboration with iGEM 
teams, showing how we supported the teams with guidelines informed by these four RRI 
dimensions and how these dimensions have informed the technological options-oriented 
activities of the teams. Section 3 discusses our stakeholder dialogue event as a different 
approach to synthetic biology innovation, again showing how the societal objectives-
oriented deliberations during this event were informed by the four RRI dimensions. We 
argue in the conclusion of this article that both forms of future oriented reflexivity are 
vital for the responsible governance of innovation in synthetic biology.

2.  A technological options oriented approach to RRI – iGEM as 
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).

We see the iGEM community as an RRI laboratory, allowing us to engage with young 
and future synthetic biology engineers in practices of ‘collaborative socio-technical inte-
gration’ (Fisher et al., 2015) and to learn from human practice experiences within iGEM 
(Stemerding, 2015). As explained in the introduction, our work with iGEM teams was part 
of a three-year collaboration, in which, each year, teams were invited by us and other 
SYNENERGENE partners to explore opportunities and pathways for future innovation in 
specific areas of interest, defined in calls published on the iGEM website.52 All together 
24 teams have been supported with small grants and with supervision by SYNENERGENE 
partners in doing real-time TA. In connection with their synthetic biology engineering proj-

52 http://igem.org/SYNENERGENE.
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ects, the teams worked on application and techno-moral scenarios, focusing on antibiotic 
resistance and renewable energy (2014), biorefineries and issues of intellectual property 
and open science (2015), nature conservation and mosquito-borne diseases (2016).

To assist the iGEM teams in their scenario building activities, we offered them some 
guidelines that should help them identify and explore issues to be addressed, also inviting 
teams ‘to step into the wider world’. These guidelines initially took the form of a written 
protocol. With the SYNENERGENE project coming to an end, we now have transformed 
this protocol into a more flexible and attractive, interactive web-based tool, publicly avail-
able on the iGEM website as the “iGEMer’s Guide to the Future” (Table 7-1).

2.1 Scenarios as modes of future making
The purpose of the SYNENERGENE/iGEM collaboration was to engage iGEM teams in a 
process of real-time TA. Basically, this approach can be described as opening up tech-
nological design and innovation to a wider range of actor perspectives at an early stage 

Table 7-1: Content of guidelines and their translation into an interactive tool

Written protocol
suggesting issues and approaches

Interactive Web-based tool
https://routecraft.com/interactives/igem/

Problem 
definition

To be elaborated as a first step in the 
construction of an application scenario

To be elaborated in an interactive process 
of ‘virtual prototyping’

Application 
scenario

- Define the nature of the problem and the 
role for SynBio engineering

- Consult prospective users and other 
relevant stakeholders about needs and 
visions

- Think about a business case
- Identify issues of risk and regulation
- Consider design choices and 

requirements in this context
- Combine these elements in an 

unfolding story-line about future SynBio 
applications

- Virtual prototyping is organized as 
a journey between and within four 
modules relating to users, business, 
societal implications, risk and safety

- Each module suggests three steps – 
analysis, interaction, future snapshots – 
and tools to carry out these steps

- Each module adds to a learning process 
about the design of the virtual prototype 
and its future societal ramifications, 
which can be summarized in a SynBio 
application scenario

Techno-moral 
scenario

- Consider wider and unintended `soft 
impacts’ of the application scenario

- Identify situations or developments that 
might be morally problematic

- Imagine how people might be affected 
and how they might respond

- Create a short story as vignette

- Future snapshots as imaginative stories 
about how applications of the virtual 
prototype may change life and society

- Different story lines are suggested, each 
with particular implications, dilemmas 
and tensions to think about

- Various formats are explained that can be 
used to tell a story

Iteration Through feed-back from the SYNENERGENE 
advisor(s) and regular team discussions

Each module invites teams to reconsider 
their virtual prototype and its future 
societal ramifications
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of development (Van Est and Brom, 2012, Grunwald and Achternbosch, 2013, Rip and 
Robinson, 2013). One of the collaborating 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. We introduced students to application and techno-moral scenarios as helpful 
tools for particular modes of future making.

Application scenarios are empirically grounded speculations, based on our current un-
derstanding of the world and describing how a particular innovation might be taken up in 
society, which means: showing how the innovation could answer users’ needs, create a 
business case, comply to rules and regulations and fill 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 (Lucivero, 2012; Selin, 2011). Techno-
moral scenarios come somewhat closer to science fiction with the aim of triggering the 
imagination and reflecting 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).

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. We realized 
this by inviting 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 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 & 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 
animations53, and in theatrical debates playfully involving publics in discussions about 
synthetic biology futures (van der Meij et al., 2017b).

53 See: https://www.youtube.com/watch?v=lw-2886-Ft8&feature=youtu.be 
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2.2 RRI tools for the job
In this section, we explain how our scenario guidelines can be understood in terms of 
the four RRI dimensions as described by Stilgoe et al. (2013) and how different aspects of 
scenario making may contribute to these dimensions.

• Anticipation
Anticipation requires a mixture of technology assessment, foresight and socio-literary 
techniques, mentioned by Stilgoe et al. as indicative methods for RRI. Anticipation is not 
about predicting futures, but rather, it is about understanding the complex and multifac-
eted nature of the worlds in which future innovations should find a place. Our guidelines 
present the following as important building blocks for storylines about future applications: 
prospective user practices, likely business models, potential issues of risk and regulation, 
and unexpected wider impacts and value conflicts. These building blocks also serve for 
making snapshots highlighting specific ambivalences and controversies raised by real-life 
dynamics and events. In the interactive web-based version of the iGEMer’s Guide, stu-
dents can choose to do one or more independent modules and select from each of these 
modules particular tools for gathering relevant information about these topics (Table 7-1).

• Inclusion
Stilgoe et al. mention 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 not only invite students to map relevant stakeholders, including 
technology developers, producers, users, consumers, regulatory agencies and societal 
organizations, but also encourage them to step into the wider world by conducting in-
terviews and organizing workshops, focus groups or debates. Furthermore, we stimulate 
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. 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 recruit-
ing 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. 



7

FUTURE MAKING AND RESPONSIBLE GOVERNANCE OF INNOVATION IN SYNTHETIC BIOLOGY

201

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., in approaches such as value-
sensitive design, alternative intellectual property regimes, open access or other mecha-
nisms of transparency and standard-setting. Responsiveness basically implies to take sin-
cerely into account societal purposes, contexts, needs and values in shaping innovation. 
In our guidelines, we 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.

3. Real-time TA in action

In the following, we briefly discuss the work of some of the iGEM teams that were in-
volved in our real-time TA activities in 2014, in which we focused on antibiotic 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. This variation stemmed from 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 
the SYNENERGENE/iGEM 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, teams did not always have the opportunity to fully incorporate their scenario 
work as an integral part of their project. Nonetheless, all teams were able to use their 
scenario work to support and shape their human practices work. 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 antibiotic resistance, the other on renewable energy.

3.1 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, inap-
propriate use of antimicrobials in health care and animal husbandry as major causes of 
the problem54. The team decided to focus in their project on the development of novel, 

54 http://2014.igem.org/Team:LMU-Munich/Rathenau.
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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 di-
agnostic tool as a short-term goal, the other on a targeted pathogen treatment tool as 
a more ambitious long-term goal (see appendix for a summary). 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.

3.2 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.55 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 overgraduate part of 
the competition. In their application scenario the team tried to examine the usage of their 
product as realistically as possible (see appendix for a summary). In their techno-moral 
scenario 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.

3.3 What did the teams achieve in terms of RRI?
From the scenarios produced by these teams we may get an impression of how iGEM 
teams used our guidelines in making synthetic biology futures. In their application sce-
nario, the LMU-Munich team mostly restricted themselves to the technological aspects of 
the innovations they anticipated, with only few indications of the professional and soci-
etal context in which these innovations should be made effective. However, consultations 
with various experts made them aware of alternative problem definitions, contributing 
to the RRI dimensions of inclusivity and reflexivity. For example, a visit to a local hospital 
shifted their focus from the technical feasibility of their product to the societal problem 
they could help to address. Also, the team members became more aware of regulatory 

55 http://2014.igem.org/Team:TU_Darmstadt/PolicyandPractices.
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challenges such as legal hurdles they would have to face in developing a pathogen-killing 
strategy using engineered microbes. This sparked the idea to elaborate two different in-
novation strategies, building upon each other, with a focus on diagnostic applications in 
the short term, and on therapeutic applications in the long term. The TU Darmstadt team 
decided to focus their application scenario on Senegal, a country where their Grätzel cells 
could be helpful in building an off-grid system in rural areas. Their scenario exemplifies 
in an illuminating way a reflexive understanding of the local circumstances and logistical 
challenges to which their innovation would have to respond. 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 made available in powder form, an insight that also 
affected their synthetic biology engineering work. In other words, both teams enhanced 
their responsiveness, by flexibly adapting their course of action to needs and barriers they 
encountered.

Engaging teams in scenario work as a mode of future making first of all closely links to the 
RRI dimension of anticipation. Although not all our teams were as productive in doing sce-
nario work like the two discussed above, most teams reported that the scenario guidelines 
had helped them to broaden the scope of their work. Teams went back and forth from 
concrete steps in their project to imagining and discussing future prospects and impacts 
of synthetic biology innovation. In so doing, they not only became more acutely aware of 
different views and concerns about synthetic biology futures, but also felt stimulated to 
more effectively articulate and consider the underlying ideas and ideals behind their work 
(Betten, Rerimassie et al., 2018, chapter 6). As an anticipatory endeavor, scenario work 
thus also stimulated inclusivity and reflexivity among our teams and some teams indeed 
also sought to adapt their synthetic biology engineering work in response to a deeper 
understanding of real-world complexity.

4.  A societal objectives-oriented approach to RRI – two multi-
stakeholder dialogues

RRI practices are rooted in well-established traditions of TA, including research into the 
ethical, legal and social implications of science and technology (ELSI). RRI, however, also 
challenges established forms of TA by shifting the focus from future products and impacts 
to the purposes of innovation (Owen et al. 2012). In our real-time TA activities, we wanted 
to experiment with two forms of mutual learning as complementary contributions to 
RRI in the field of synthetic biology, one focusing on technological options, the other on 
societal objectives (Stemerding, 2019). In this section, we discuss how we took up again 
antibiotic resistance and renewable energy – as challenges our iGEM teams had been 



CHAPTER 7

204

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 ap-
proach. The event took place in March 2016 and consisted of two parallel workshops of 
one-and-a-half day, one focusing on antibiotic resistance, the other on renewable energy. 
In the workshops, we gathered policymakers, representatives of societal organizations, 
industry and synthetic biology researchers as well as iGEM students with a common inter-
est in the subject (Table 7-2).

We also provided an evening program engaging participants from both workshops in a 
theatrical debate, a semi-scripted interactive theatre performance playfully reflecting on 
synthetic biology futures (as mentioned in section 2.1.).

In our workshop dialogues, we experimented with two different formats aiming at re-
flection and learning. Authors of this paper from the Rathenau Instituut organized the 
antibiotics workshop and focused primarily on policy learning. They designed a workshop 
protocol that moved stepwise from exploring how societal stakeholders and scientists de-
fined the major issues and challenges concerning antibiotic resistance, to the articulation 
of a future policy vision with the aim to identify options for synthetic biology innovation 
that might be particularly desirable in this context. We call this format argumentative, 
seeking to link problem definitions to preferred solutions in an open process of delib-
eration. Authors of this paper from the Athena Institute organized the renewable energy 
workshop and 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. We call this format value-reflective inquiry, seeking 
to foster individual reflexivity.

4.1 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 

Table 7-2: List of workshop participants according to actor type

Actor type Antibiotics workshop Renewable energy workshop

Policy-maker 5 5

CSO 2 1

Industry 2 1

Research 7 6

iGEM 2014 3 2
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societal and policy challenges concerning antimicrobial resistance (AMR) and the potential 
contributions of synthetic biology in responding to these challenges (Ervinda, 2016). Dur-
ing the workshop discussions we invited the participants to give their own opinions about 
these issues, with the aim to get a comprehensive understanding of the problem defini-
tions, 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 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 19 participants representing different spheres of activity and expertise 
in relation to AMR policymaking, human and animal health, industry, and synthetic biol-
ogy research (Table 7-2). The first day, we organized the participants in four groups, each 
group being composed of participants from only one particular sphere. Each group created 
a future story, highlighting how the challenges and potential responses concerning AMR 
were perceived and defined in the four different spheres. The aim of the second workshop 
day 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 introduced by the 
workshop organizers, attending synthetic biology scientists and one of the iGEM students. 
In a final workshop session, three groups, composed of a mix of participants from the dif-
ferent 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 dur-
ing the first workshop day?

From the deliberations during the first workshop day four stories emerged as different 
imaginations of AMR-proof futures: ‘ingenious use’, ‘animal farming transformed’, ‘arms 
race between bugs and biotech’, and ‘new values, new culture’. During the second day the 
potential contribution of synthetic biology to these futures was discussed with a focus on 
the first three of these stories, those which raised most interest among the participants 
(see appendix for a full account of the four different futures):

- Participants with a policy background designated improper use of antibiotics in both 
health care and the veterinary sector as one of the leading causes of AMR. The group 
imagined a future of ingenious use of antibiotics in 2030, enabled by a better under-
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standing and management of infectious diseases (one health approach), a strong and 
widespread awareness of the risk of AMR among doctors, patients and animal farm-
ers, and by the availability of rapid diagnostics and its mandatory use in prescribing 
antibiotics. Synthetic biology was seen as offering 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 test-
ing devices. However, the provision of rapid and accurate (point-of-care) diagnostic 
bio-sensing tools was identified by the participants as a most valuable and desirable 
contribution to the ingenious use of antibiotics.

- Participants involved in veterinary research and antibiotics policymaking and con-
sumer health activism designated a general lack of antibiotics stewardship as a major 
cause of AMR, emphasizing the high level of antibiotics use in animal factory farming 
as a most urgent issue. Animal farming transformed was imagined by the group as a 
future in 2030 in which the struggle against AMR would involve different strategies of 
infection control, with 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 were 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.

- Synthetic biology scientists and iGEM students noted biological evolution as the ulti-
mate and inevitable driver of antibiotic resistance, leading to a continual arms race 
between bugs and biotech. Accordingly, the need for new and alternative antibiotics 
was considered to be a top priority. The group imagined a future in 2030 in which 
the threat of AMR has initiated sustained and coherent programs of public funding 
in antibiotics research, strengthening interdisciplinary collaboration and bridging the 
gap between public and private parties in the innovation chain. Participants identified 
in this context three themes to which synthetic biology could contribute: (1) preven-
tion of antibiotic 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) the development of radically new classes of 
antibiotics and alternative approaches.

- Participants with an interest in industry and health innovation strategies identified 
a wide variety of factors contributing to AMR, highlighting as particularly important 
causes insufficient knowledge of the underlying mechanisms of AMR and the overuse 
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of antibiotics in animal farming. Emphasizing the need for new values and a new 
culture, the group imagined a future in 2030 in which AMR awareness is strongly 
stimulated through education and labelling, and in which antibiotics are completely 
removed from the meat production chain. To facilitate and speed up innovation, the 
group observed a need for new business models, 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.

4.1.1 Analysis: mutual learning through a process of funneling
The dialogue that we organized in the antibiotics workshop can be seen as a process of 
articulation in which connections are made between societal goals and technology (Bos 
2016). Colette Bos describes articulation as a two-way process, involving both the speci-
fication of societal goals into technological options and the legitimation of technological 
options in terms of societal goals. She uses the notion of funnel to describe the connec-
tion between both acts. A funnel is a line of reasoning in which broadly conceived societal 
goals are specified into more narrowly defined technological options and conversely 
technological options are legitimized by linking them to societal goals (Van Lente and Van 
Til 2008). Thus we can describe the creation of future stories in our workshop dialogue 
as a process of funnelling, 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 anticipa-
tory, 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 reason-
ing 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 highlight, 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 (VWS, 2015; WHO, 2015; WHO Europe, 2011).
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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 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 policymak-
ing 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, 2017; JPIAMR, n.d.; ZonMw, 
2015). An important reason for these initiatives seems to be a mismatch between in-
novation funding priorities and urgent needs in public health policymaking (Renwick et 
al., 2016; Van Mierlo, 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 devel-
opment 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, p.432 and 439). What can we then conclude in regard 
to the research and innovation agenda for synthetic biology from the future stories that 
emerged in our workshop dialogue?

4.1.2 Implications for future synthetic biology innovation
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 et al., 2016; 
Ervinda, 2016; Medema et al., 2011; Pei, 2013; Smanski et al., 2016; Van Mierlo, 2016; 
Zakeri & Lu, 2013). In general, however these possibilities are still far from clinically ap-
proved and marketable products. In a survey among Dutch scientific and synthetic biology 
experts, the development of novel antibiotics, by re-engineering biosynthetic pathways 
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of existing natural compounds, was identified as a synthetic biology 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 biol-
ogy futures, participants from the spheres of policymaking and human and 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 innova-
tion 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, Colette Bos argues 
that in the articulation of societal goals, specification and legitimation of technological 
options are interdependent and arise simultaneously (Bos, 2016)However, as the different 
story lines from our workshop clearly show, there may also be a tension between these 
two acts. Whereas the stories driven by political and societal interests and concerns led to 
specification of some broadly defined but delineated needs for synthetic biology innova-
tion, synthetic biology was legitimated as a general game changer in the stories driven 
by technological ambitions and expectations. This tension indeed also became manifest 
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).

4.1.3 What did we achieve in terms of RRI?
In our workshop we brought together a diversity of stakeholders to engage them in a 
future making exercise, focusing on AMR as a societal challenge, as a starting point for a 
collective conversation about the peculiar needs for synthetic biology innovation. To what 
extent did the anticipatory and inclusive workshop format also engage our participants 
in a more reflexive and responsive discourse about this issue? The group discussions 
yielded valuable insights into argumentation lines and preferences of various stakeholders 
with regard to AMR policymaking. However, as we already noted, the overall storylines 
created by the participants remained close to established AMR discourses. Thus, in the 
open process of articulation that we were aiming for, participants evidently relied on 
‘fixed funnels’ with readily available lines of argumentation (Bos, 2016). Yet, informed 
by different stakeholder perspectives, the future stories resulting from this process also 
highlighted notable differences and tensions in the framing of AMR. In this sense, the 
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dialogue enhanced reflexivity about the different needs and interests that should be taken 
into account in shaping the synthetic biology innovation agenda.

With a shift to the innovation agenda as the subject of discussion, the voices of synthetic 
biology scientists gained more weight during the second workshop day. Since most par-
ticipants were unfamiliar with the field of synthetic biology, the participating synthetic 
biology scientists got a more authoritative position as informants in the debate. This also 
initiated a new dynamic, in which the future AMR stories got a more forceful legitimizing 
role in advancing all kinds of synthetic biology innovation. As a result, the debate was 
less responsive to the particular stakeholder perspectives that informed these future 
stories than we had hoped for. Nonetheless, 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 a synthetic biology 
innovation agenda. By sharing these results with our workshop participants, AMR (sci-
ence) policymakers and relevant science funding agencies, this information may help to 
set specific priorities in synthetic biology research as a new source of innovation in the 
context of AMR policy-making.

4.2 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 (Table 7-2) had been carefully selected on the basis of two 
ordering principles (derived from Cuppen, 2012; Van Est et al., 2013)): 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., 2017a). 

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 assump-
tions 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 LEGO®, clay, stickers and 
pencils. The participants created their own fabricated structures, but acted at the same 
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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 pre-
sentation of three future energy visions that we had identified as themes emerging from 
the deliberations during the first day:

- In the first vision, which we called Balanced growth, energy production and consump-
tion are characterized by cooperation and organic growth. The important drivers for 
this balanced growth are diversity, connectedness and the good life. New knowledge 
and technology, transparency, and alignment of bottom-up and top-down initiatives 
will all be required for such a future transition.

- In the second vision, which we called human being central, individual awareness as 
crucial. The need for local solutions serving self-supporting communities is emphasized 
in this vision. The important drivers are a sense of community respecting individual 
freedom, moderation and beauty. The main requirements are adaptation of existing 
technology and strategies to bring together and mobilize people.

- The third vision that we identified, called technological opportunities, is character-
ized by a mix of technological and non-technological solutions on a global level, also 
integrating small- and large-scale initiatives. The important drivers in this vision are 
accessibility, progress and (risk taking) courage. Experimentation, innovation, and 
involvement of other global parties are seen as important requirements.

We then invited participants 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.

4.2.1 Analysis: mutual learning in terms of reflexive awareness
The renewable energy workshop yielded deliberative processes of anticipation and reflec-
tion that were obviously different from those in the AMR workshop. Deliberations in the 
AMR workshop focused on argumentation lines and preferences of various stakeholders 
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with the aim to enhance the responsiveness of innovation policymaking. Deliberations 
in the renewable energy workshop aimed at individual learning in terms of reflexive 
awareness, yielding 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.

Compared to the funneling process described in section 4.1.1., we conceive the process in 
our renewable energy workshop as deconstructing funnels. Rather than tightening estab-
lished 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 potential of synthetic biology in the context of renewable energy.

Looking at the final results of the renewable energy workshop deliberations, what 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 while often being overlooked in 
the discussion, such as adventure, beauty and transformation. This example is indicative 
of the value-oriented nature of the process of reflective inquiry and thus contributes to 
our understanding of what reflexivity entails and how it can be enhanced by designing 
a multi-stakeholder dialogue process focused on values. Indeed, participants indicated 
that the open and playful character of the workshop was relieving and pleasurable as 
well as helpful in stepping out of their professional role and associated perspective. They 
generally appreciated the confrontation with different perspectives as increasing their 
awareness of alternative frames, while at the same time confronting them with their own 
assumptions and the limits of their own framing.

4.2.2 What did we achieve in terms of RRI?
The workshop was generally regarded as a highly inclusive event, with enough space for 
every participant to make a contribution. It proved difficult however to attract participants 
representing industry and CSOs, which perhaps may have limited the diversity of perspec-
tives. In light of the RRI dimension of anticipation, most participants indicated that they 
had become increasingly aware of the complexities and uncertainties associated with the 
future implementation of synthetic biology in society. 
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The workshop exercises were specifically designed to enhance 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, and also to confront 
individuals with different framings of the issues raised. 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 evalu-
ative post-workshop interviews, participants indeed indicated to have appreciated the 
blurring of boundaries induced by the exercises, because it made the experience more 
personal and enabled them to stay close to their values (Betten, Rerimassie et al. 2017, 
chapter 6).

In the post-workshop interviews we also queried the relevance of the reflexive awareness 
acquired by individual workshop participants for their everyday practice. Participants with 
a background in research or policymaking indicated that, even though they were inspired 
by the personal, value-oriented encounters in the workshop, their professional context 
did not allow them much space to integrate these insights in their daily work. This lack 
of responsiveness was reinforced by the fictitious character of the future explorations. 
Although this approach made it easier and attractive to imagine alternative futures and 
viewpoints, it remained difficult for the workshop participants to translate such reflections 
on distant futures into concrete steps. Incorporating value-reflective inquiry and delibera-
tive processes more effectively into the daily routines of research and policy remains an 
important challenge.

5. 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, re-
flexivity and responsiveness as important dimensions of responsible research and innova-
tion. 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, stimulat-
ing 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 biol-
ogy innovation in order ‘to get the right science’.
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Our collaboration with iGEM teams had the nature of collective experimentation, en-
abling us to gain experience with RRI as a social innovation which till now has been more 
discursive and conceptual than practical and institutional (Rip 2014, Balmer et al. 2016). 
Our work builds on earlier studies in which iGEM is conceived as an interesting site to 
learn, not only about the ambitions of synthetic biology as a new engineering science 
of life, but also about ways in which students engage with the social dimensions of their 
work (Frow and Calvert 2013b, Balmer and Bulpin 2013, Calvert 2013). Indeed, we were 
primarily interested in iGEM as RRI laboratory, with the aim to strengthen RRI practices by 
involving iGEM teams in a collaborative program of real-time TA.

In the future making activities of iGEM students, real-time TA mainly took the form of a 
technological options-oriented approach. This approach 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). In our stakeholder workshops, we experimented with a societal 
objectives-oriented approach by engaging, in a process of TA, first of all societal stake-
holders as actors with relevant and intimate knowledge of societal issues, representing 
a variety of normative commitments and visions about the purposes of innovation. In 
this context, there may still be a division of labor, but now societal stakeholders have the 
prime role of enactors, articulating particular societal interests, aims and values to which 
scientists and engineers might critically respond.

As our experiences show, both approaches involve different challenges for RRI. In the 
context of a technological options-oriented approach it was our aim to strengthen RRI 
by providing a set of tools, like our iGEMer’s Guide, which should stimulate scientists 
to explore the meanings and implications of future trajectories of innovation in more 
inclusive, reflexive and responsive ways. However, in the context of wider practices of 
innovation, the use of such tools may be limited by a predominant focus on technological 
options, framing the purposes of innovation, and by a lack of incentives for individual 
researchers to really undertake the kind of inclusive and reflexive explorations suggested 
by these tools. In addition to RRI tools, and to further strengthen RRI in the context of a 
societal objectives-oriented approach, we obviously also need joint spaces and processes 
as a political and institutional requirement for deliberative practices of future making 
(Stilgoe et al. 2013, Van Oudheusden 2014, Van Oudheusden et al. 2015). As we have seen 
in our multi-stakeholder workshops, such spaces and processes may indeed foster mutual 
learning about societal needs and opportunities for innovation. However, the transla-
tion of these learning experiences into more responsive practices of innovation, beyond 
protected spaces for inclusive and reflexive learning, remains a crucial challenge for RRI. 
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Appendix to chapter 7 – Future scenarios

• Application scenario LMU-Munich team
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 sce-
nario 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 por-
table 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 and 
regulatory conditions needed to facilitate the process of development and marketing of 
both the diagnostic and therapeutic product.

• Application scenario TU Darmstadt team
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 cur-
rently 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-eco-
nomic 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, 
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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.

How to make the Netherlands AMR-proof in 2030 and Europe as well?

• Ingenious use
Improper use of antibiotics in 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 the sphere of Dutch health and 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 manage-
ment 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 and 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 mar-
keting 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 farm-
ing. For the long term, the group imagined a future in 2030, marked by a transition in 
the Netherlands to fewer intensive forms of animal husbandry, in response to growing 
public concerns and a consistent (and necessary) reduction of meat consumption. In this 
future, the Netherlands also has a guiding role to play in the endeavor to establish a 
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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 strate-
gies 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.

• Arms race between bugs and biotech
Whilst acknowledging the multi-causal nature of AMR, the group of synthetic biology sci-
entists and iGEM students noted biological evolution as an ultimate and inevitable driver 
of antibiotic 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 fund-
ing 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 introduc-
tion of new antibiotics. The participants identified in this context three themes to which 
synthetic biology might contribute: (1) prevention of antibiotic resistance through rapid 
diagnostics and a better understanding of transmission mechanisms, (2) abolishment of 
resistance against antibiotics currently in use through (‘adjuvant’) drugs targeting resis-
tance 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!

• New values, new culture
The group of participants with an interest in industry and health innovation strategies 
identified a wide variety of factors contributing to AMR and highlighted, as especially 
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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 re-
moved 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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1. Introduction

Synthetic biology can potentially help in overcoming important societal challenges, 
like combatting climate change or greening the economy. At the same time, given that 
synthetic biology aims to make biology easier to engineer, this is not without risk. In ad-
dition, the emerging field raises difficult societal and ethical issues, relating for instance, 
to social justice (who benefits and who carries burden?) or about boundaries concerning 
tinkering with life and nature. Therefore, synthetic biology is not only a potential source 
of progress, but also of controversy, tensions and conflict (cf. Swierstra & Rip, 2007). 
Navigating through these opportunities, issues and tensions as a society, resonates with 
what Ribeiro and colleagues (2018) refer to as the challenge of aligning the objectives and 
configurations of science, technology and innovation for meeting the needs of society. In 
his response to the article of Ribeiro et al., Nordmann describes the challenge as: “piec-
ing things together as one seeks an alignment of the various components of a complex 
socio-technical system in order to produce and maintain a more or less harmonious and 
effective working order” (Nordmann, 2018, p.333). Navigating through the opportunities, 
issues and tensions relating to synthetic biology also correlates with wider calls in the field 
of Science and Technology Studies (STS) for democratization of technology. In addition to 
its societal ramifications, products and applications of synthetic biology – like any other 
technology – namely reflect political and value-laden choices. Scholars like Bijker (1995, 
2001) and Jasanoff (2016) therefore argue that the development of technology should be 
explicitly subjected to democratic control.

Against this backdrop, the overarching research question of this dissertation is: what role 
can technology assessment play in fostering the alignment between synthetic biology 
and society? In order to answer this research question, this dissertation was built up in 
two parts, in which the role of TA is considered on three different levels: institutional, 
organizational and on the level of specific projects. 

Part I presented a literature study that examined the historical and conceptual develop-
ment of technology assessment – or TA-inspired interventions and engagement – which 
have been put forward by policy-makers and scholars to foster the alignment between 
science, technology and innovation (STI) on the one end, and society on the other.56 
Drawing from the institutionalization of TA in the Netherlands as an example, I attempted 
to formulate a comprehensive view of contemporary approaches in TA. This provided a 
first answer to the overarching research question from a theoretical perspective, as well 
as from an institutional perspective (by mapping the broad variety of institutionalized 

56 Despite of potential specific conceptual nuances, I note that I use the terms ‘interventions’ and ‘engagement 
activities’ somewhat interchangeably, given that they all embody the same ‘spirit’ of actively and constructively 
contributing to better alignment of technology and society. 
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practices that are considered valuable in aligning technology and society). In order to 
answer the research question, understanding the technology and associated societal 
issues is also of crucial importance. Therefore, in the following chapter 3, I answered 
the question of how the international debate that followed the emergence of synthetic 
biology had developed, particularly in Europe, China and India. This chapter untangled the 
state-of-the art synthetic biology discussed in this dissertation and provided insight into 
the variety of societal issues and challenges that play a role in (or obstruct) the alignment 
of synthetic biology and society. 

Then, part II presented the results of the empirical study of how the Rathenau Instituut, 
the Dutch office for technology assessment and science system assessment, sought to 
foster the alignment of synthetic biology and society through a number of TA-inspired 
early engagement activities. The goal of part II was to discuss how theoretical insights on 
how alignment of synthetic biology and society can be fostered, were put to practice on 
an organizational level, as well as on a specific project level (cf. Ganzevles et al., 2014) – 
which conversely provides insights for theory. After having provided a general overview of 
the engagement activities of the institute from an organizational point of view, in chapters 
5 until 7, three different project level interventions undertaken in different social spheres, 
were examined in depth as case studies. In terms of methods, these interventions were 
examined from the perspective of transdisciplinary research, action research, and reflec-
tive practice, based on my personal experiences as a technology assessment practitioner 
at the Rathenau Instituut. 

This chapter presents the conclusions of this dissertation. It is built up as follows: I will 
first provide my general answer to the central research question. In the next three sec-
tions, I will substantiate this answer by reflecting more deeply on the TA activities of 
the Rathenau Instituut undertaken in three distinct social spheres. In the next section 
I elaborate on a plea for an integrated approach to foster alignment between synthetic 
biology and society, which may be insightful for engagement with science, technology and 
innovation in general. Next, I share my thoughts on future challenges and opportunities 
to foster the alignment of synthetic biology and society. I end with presenting a number 
of recommendations for policy-makers, TA and RRI practitioners, as well as suggestions 
for further research. 

2.  Identifying the role of technology assessment in aligning 
synthetic biology and society

In this section I consider the role that TA can play in fostering the alignment between 
synthetic biology and society from an institutional point of view, drawing from part I of 
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this dissertation. I will first summarize the analysis of the historical and conceptual devel-
opment of TA, which provides insights into how TA can play a valuable role concerning the 
alignment of society and technology in general, based on chapter 2. Then, I will elaborate 
on the need to align synthetic biology and society, through summarizing the findings 
presented in chapter 3. Lastly, I will apply the insights of the conceptual and historical 
development of TA to the specific context of synthetic biology, which gives a first answer 
of how TA in general can play a valuable role in aligning synthetic biology and society. 

2.1  Fostering the alignment between technology and society through 
early engagement in different social spheres

The question how technology and society can be aligned, has been a topic for policy-makers 
and scholars (such as in STS, ethics and philosophy) for over half a century. Technology as-
sessment was put forward as a governance instrument to contribute to better alignment. 
Ever since the installment of the Office of Technology Assessment (OTA) within the United 
States Congress in 1972 – marking the birth of parliamentary technology assessment – the 
practice of TA (or TA-inspired approaches) has been institutionalized in many parts of the 
world. In the face of emerging policy problems, technological developments and schol-
arly insights, understandings of the role TA can play in fostering the alignment between 
technology and society have changed, i.e. the answers to the questions how technology 
and society can be better aligned, what elements should play a role herein, and when 
attempts to foster alignment should be initiated, have been evolving. Important reorien-
tations of TA practice for instance include: which actors should be included or addressed, 
what types of issues should be considered and when should interventions take place? At 
the same time, it is important to note that such reorientations expanded the plethora of 
TA-inspired interventions in a nested way, building on each other, rather than competing 
with or replacing existing modes. Accordingly, a wide variety of TA-inspired interventions 
are practiced at this day in time. After a critical analysis of this development in chapter 
2, using the institutionalization of TA in the Netherlands as an example, I concluded that 
contemporary TA can be characterized by the following elements. Contemporary TA:

1. Has a broad understanding of technology
TA practice engages with science, technology and innovation (STI) and recognizes the 
complex social dynamics interwoven with them, and that STI embody political and 
value-laden choices. In this respect, TA can thus be understood as engagement with 
socio-technological systems.

2. Examines the societal meaning of STI
In terms of heuristics, TA explores the societal meaning of STI through assessing (and 
co-shaping) potentially desirable and undesirable outcomes. This includes, but is not 
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limited to: potential benefits, contributions to societal challenges, risks, and ethical, 
legal and societal aspects of STI.

3. Engages with different social spheres 
Given the potential societal ramifications of STI and since STI embody values and politi-
cal choices, a wide variety of stakeholders ought to play a role in shaping the develop-
ment of STI. Inclusiveness is key. TA therefore engages with various social spheres in 
order to facilitate co-shaping of STI. On the one hand, the political sphere (parliament, 
government and policy-makers) and the societal sphere (civil society, NGOs and citi-
zens) are important spheres that represent society in the broadest sense. On the other 
hand, TA practice directly engages with the science and technology sphere (scientists, 
technology developers, businesses and other R&D actors), because of the major role 
this sphere evidently plays in developing STI. TA practice engages with these spheres in 
two ways: first, they may be addressed as target audience for receiving the outcomes 
of the assessment process and second, they may be included as participant in the 
assessment processes. 

4. Needs to be interdisciplinary and transdisciplinary
In recognition of the complex nature of STI and their societal meaning, TA practice 
needs to be fundamentally interdisciplinary in order to effectively make sense hereof. 
In addition, TA practice is transdisciplinary oriented, meaning that it is connected to 
real-world problems and actively seeks to involve relevant stakeholders. 

5. Is institutionalized in various forms
Given the diversity of interventions and social spheres, TA needs to be institutional-
ized in various ways. It is practiced by formal institutions and commissions, academic 
research groups and is supported through long-term funding commitments. Given 
this diversity, a spectrum of institutional forms and positions can be observed. On 
one end of the spectrum, TA can be deliberately positioned in close proximity to the 
STI development processes, in order to directly influence the design process from an 
insider perspective. At the other end of the spectrum, TA can be organized at distance 
from STI development, as to retain a (critical) outsider perspective. 

6. Deliberately makes use of timing 
TA makes strategic use of the timing of its interventions. Its interventions may target 
the entire innovation process, i.e. from research and development to production and 
distribution. Henceforth, TA practice may engage with mature STI, as well as with 
emerging STI that are still in an experimental phase, in a more anticipatory, upstream 
approach. Moreover, TA can open up conversations about what the purposes of in-
novation ought to be, including how STI can contribute to societal challenges. 
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7. Aims to actively contribute to the democratization of technological culture
Ultimately, TA is a governance instrument that seeks to contribute to the democratiza-
tion of technological culture and therefore fundamentally impact-oriented. TA practice 
strives for real-world contributions regarding the relationship between STI and society. 
This can take place either through shaping the design trajectory of technologies and in-
novations, as well as through contributing to societal and political opinion-making and 
decision-making on STI. In this sense TA aims to open up the democratic conversation 
on the desirable development of STI in which actors can formulate their viewpoints 
hereon. Evidently, in this process differing or even highly opposing viewpoints may 
emerge, and ultimately it is up to democracy to navigate through these viewpoints and 
the values that underpin them. 

These seven elements however, constitute a somewhat idealized view of contemporary 
TA. To a certain extent, they reflect several theoretical and conceptual strides and ap-
proaches that are not yet extensively put to practice, or in any case, are not broadly and 
permanently institutionalized. In order to learn about the merits of such concepts and 
approaches and how they can be operationalized, it is therefore important to learn from 
the real-world experiences in which they were put to the test, or in other words: to learn 
about how aligning STI and society can be put into practice by means of concrete TA 
activities. 

2.2 The need for aligning synthetic biology and society
After having provided a view of contemporary TA-inspired engagement, I will now discuss 
why such engagement is called for vis-à-vis the emerging field of synthetic biology. In 
chapter 3, I sought to answer the question what the state-of-the-art of synthetic biology 
is, what kind of issues and values played a role in the emerging international debate on 
synthetic biology (up until about 2014), particularly in Europe, China and India, as well 
as what kind of actors were involved. Synthetic biology represents a new phase in the 
development of biotechnology, in which scientists are gaining increasingly more control 
over the fundamental building blocks of life. This allows them to ‘design’ and ‘create’ 
(micro)organisms that may perform a variety of useful tasks, but also become increasingly 
isolated from organisms that are found in nature. 

Synthetic biology has been embraced by scientists and industry all over the globe, as a 
promising field of research, due to its innovation potential to contribute to addressing 
important challenges relating to health, scarcity of resources and energy security. At the 
same time, synthetic biology also gives rise to concerns about potential risks relating to 
biosafety and biosecurity. Indeed, synthetic biology may enable the design of organisms 
that unintentionally (e.g. through accidents) or intentionally (as weapons) can cause harm. 
It is noteworthy that such concerns were often raised by the synthetic biology research 
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community itself. In addition, the development of synthetic biology raises moral questions 
and concerns, since it allows scientists to put ‘life’ and ‘nature’ on the drawing board in an 
unprecedented manner and may therefore have an impact on how we view such concepts 
and humankind’s relationship with nature. A plethora of different values is at stake in the 
emerging debates on synthetic biology, such as: safety, equity, solidarity, sustainability 
and freedom (e.g. of research). In spite of the variety of issues and associated values that 
already became apparent before 2014, the debates on synthetic biology were to a large 
extent confined to expert circles. Political consideration of synthetic biology was limited, 
only a scarce amount of (internationally) operating NGOs were vocal about synthetic biol-
ogy, and lastly, in all the world regions that were considered, i.e. Europe, India and China, 
public awareness of the developments was considerably low. 

So, how can society move forward with synthetic biology, considering that the field is 
gaining traction and may become of large significance for society? What are the goals we 
want to pursue in developing the field, and what can we do to ensure that these goals 
will be reached? How do we manage potential risks and reconcile clashing values? Or, 
should society even need, and want to pursue the development of synthetic biology in 
the first place? To quote Nordmann: “the question of how to align all these values in the 
development of a technology may prove intractable, indeed. Painful choices need to be 
made, since it is always the case that some values can be realized only at the expense of 
others” (Nordmann, 2018, p.336). The aforementioned questions are as difficult as they 
are important, and therefore lie at the very heart of why alignment between synthetic 
biology and society is anything but self-evident. Therefore, active intervention is war-
ranted. In short, synthetic biology is too important to be left to synthetic biologists alone. 

2.3 Directions for technology assessment regarding synthetic biology
Above, I argued why engagement with synthetic biology is important. Drawing from the 
insights of the historical and conceptual development of TA discussed in section 2.1 and 
the state-of-the-art of the field and issues summarized in 2.2, I will now consider a number 
of directions for TA-inspired engagement with synthetic biology. Based on the seven traits 
of contemporary TA I mapped above, I respectively consider the following seven elements 
as crucial for TA to make a constructive contribution to the alignment of synthetic biology 
and society. Against this backdrop, TA should:

1. Have a broad understanding of synthetic biology
TA ought to explore the field of synthetic biology in all its variety and engage with 
the field in different stages of its development. This means that TA should take into 
different approaches that are pursued, consider fundamental research efforts, as well 
as concrete applications and products that are introduced in the market.
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2. Examine the societal meaning of synthetic biology
In terms of heuristics, TA should have a wide view of synthetic biology’s potential so-
cietal ramifications, like: potential beneficial contributions to societal challenges and 
risks, as well as ethical, legal and societal aspects.

3. Engage with different social spheres in order to broaden the public debate on syn-
thetic biology
Given the potential societal ramifications of synthetic biology, and since derived 
products – and novel organisms – embody values and political choices, a wide variety 
of stakeholders ought to play a role in shaping the development of the field and its 
applications. From the perspective of inclusiveness, this is particularly important and 
urgent because, since its inception (and even while a number of important scientific 
breakthroughs were achieved), debates have predominantly been confined to expert 
circles (actors in the science and technology sphere and TA and ethics bodies). TA 
interventions should therefore aim to open up the development of synthetic biology 
through engagement with the political sphere and societal sphere. At the same time, 
engagement should also be oriented towards actors active in the science and technol-
ogy sphere that are advancing the field.

4. Engage with synthetic biology from an interdisciplinary and transdisciplinary per-
spective
In recognition of the complex nature of synthetic biology and wide variety of potential 
societal ramifications, engagement activities need to be interdisciplinary and transdis-
ciplinary oriented, meaning that they should be connected to real-world problems and 
relevant stakeholders, and should be assessed from a variety of (academic) perspec-
tives. 

5. Approach synthetic biology from different institutional settings
Given the plethora of engagement activities that may be valuable, TA engagement with 
synthetic biology is ideally institutionalized in various forms. On one end, TA can be 
deliberately positioned in close proximity to those actors that are advancing the field 
of synthetic biology, in order to influence these processes from an insider perspective. 
On the other, TA activities can be organized at a distance, in order to retain an outsider 
perspective and enable other actors (such as politicians and NGOs) in opinion and 
decision-making regarding the field. 

6. Make deliberate use of timing 
TA makes strategic use of the timing of its interventions. Synthetic biology represents 
a new forefront of biotechnology research, but is also still in an experimental stage. 
Looking at the conceptual and historical development of TA, a move towards upstream 
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engagement can be observed due to the insight that interventions concerning tech-
nologies were initiated too late in the past. In this light, it is advisable to engage with 
synthetic biology when it is still in an experimental phase of development from this 
general point of view. However, given the widespread controversies that emerged 
in response to earlier biotechnology developments, culminating in distrust among 
stakeholders that is still palpable to this day, moving upstream in the context of syn-
thetic biology seems even more advisable. In addition, inspired by the RRI-discourse, 
TA-inspired interventions could also facilitate opening up conversations about the pur-
poses of synthetic biology innovation: what are the goals that are strived for and does 
synthetic biology offer the optimal and most desirable means to achieve these goals?

7. Aims to actively contribute to the democratization of technological culture
Lastly, looking at the envisaged contribution of TA concerning synthetic biology, in-
terventions should ultimately seek to contribute to the democratization of synthetic 
biology. Interventions should therefore strive for real-world contributions regarding 
the alignment of synthetic biology and society. In practice, this – hopefully – entails 
that interventions facilitate co-shaping the design trajectory of synthetic biology, and 
contribute to (timely) societal and political opinion-making and decision-making on 
synthetic biology. 

These seven elements constitute important directions for TA’s role to foster the alignment 
of synthetic biology and society, inspired by the historical and conceptual development 
of TA-inspired practice, as well as the state-of-the-art of the field and the public debate 
thereon. Up until now, I have taken a theoretical and institutional point of view. In the next 
sections, I will reflect on dedicated TA interventions on an organizational and project level, 
through considering various initiatives that were undertaken by the Rathenau Instituut.

3.  Seeking to foster the alignment of synthetic biology and 
society: technology assessment interventions by the 
Rathenau Instituut

As I have discussed above, the proper alignment of synthetic biology and society is an 
important challenge, in which technology assessment can play a valuable role. After hav-
ing identified potential productive directions for TA interventions from an institutional 
and conceptual point of view, I will now discuss three distinct TA interventions concern-
ing synthetic biology initiated by the Rathenau Instituut. As outlined in chapter 4 of this 
dissertation, the Rathenau Instituut initiated its TA interventions regarding synthetic 
biology in an early stage of its development (from 2006 onwards), and in doing so, also 
drew inspiration from various conceptual and scholarly developments. Accordingly, the 
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experiences of the Rathenau Instituut provide a valuable opportunity to learn about the 
practical implementation of the ideas and concepts that inspire contemporary TA on 
an organizational and project level – and ultimately – about the role that TA can play 
in fostering the alignment between STI and society. Conversely, these experiences may 
contribute to the conceptualization of TA. 

In the next three sections, I summarize and reflect on how three different TA interventions 
were executed by the Rathenau Instituut. These interventions were oriented towards 
respectively the political sphere, science and technology sphere, and societal sphere (as 
discussed in chapters 5 until 7). For each intervention, I reflect on the role this particular 
(type of) intervention had in fostering better alignment of synthetic biology and society. 
Secondly, I will reflect on the interventions from a theoretical perspective. To this end, 
I will make use of the seven elements of contemporary TA, as outlined in the previous 
section. However, rather than systematically reflecting on all seven of them, I will zoom 
in on those elements for which this distinct TA intervention offers particular learning op-
portunities. 

Prior to zooming in on the three distinct project level interventions, it is important to 
briefly revisit the Rathenau Instituut on an organizational level and its specific institutional 
context, since this is relevant for the translation of its strategies and interventions to other 
contexts. I recall that the Rathenau Instituut is the Dutch organization for technology as-
sessment and science system assessment and its formal task description on technology 
assessment, as formulated by the Dutch government, is as follows: 

“The role of the institute is to contribute to societal debate and the formation of politi-
cal opinion on issues that relate to or are the consequence of scientific and technological 
developments. This specifically includes the ethical, social, cultural and legal aspects of such 
developments. In particular, the institute facilitates the formation of political opinion in both 
chambers of the Parliament of the Netherlands and in the European Parliament” (OC&W 
2009, 1, derived from Van Est, 2013b, p. 142).

Given that the Rathenau Instituut is an independent body institutionalized by the Dutch 
government, its activities cannot be directly translated to the context of, for instance, 
academic groups conducting TA and RRI. Nevertheless, I believe that the cases that will be 
discussed can be informative for the broader practice of TA and RRI. It is noteworthy that 
in light of its formal task, the Rathenau Instituut has a longstanding tradition of engage-
ment with the political sphere and societal sphere. However, through participation in the 
EU project SYNENERGENE, the Rathenau Instituut collaborated directly with the synthetic 
biology community to influence actual design processes. Evidently, connections with ac-
tors in the science and technology have always been important for the Rathenau Instituut, 
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but such close proximity to the design processes, is not commonplace for the institute, 
given its formal task. 

3.1  Aligning synthetic biology and society through early engagement in 
the political sphere

In the tradition of parliamentary TA (PTA), a major part of the Rathenau Instituut’s work 
is to stimulate political opinion-making on science, technology and innovation and evi-
dently, parliament is one of its important clients. However, mobilizing political attention 
for a technology that is still in an experimental phase is anything but self-evident, given 
the workload of members of parliament and the relationship of a PTA institute with parlia-
ment. In this context it is important to briefly consider different types of institutionaliza-
tion of PTA. As discussed in chapter 2, some countries have a dedicated scientific unit or 
office that is set up to support members of parliament with TA studies – similar to the 
(former) OTA in the United States. Examples hereof are found in the United Kingdom and 
Germany, and in both countries TA studies dedicated to synthetic biology were performed 
(respectively: Parliamentary office of Science and Technology, 2015; Sauter et al., 2015). 
In the Netherlands however, the Rathenau Instituut is institutionalized as an independent 
organization that operates at arm’s length from parliament, but at the same time has 
parliament as one of its main clients. In this case, due to this relative distance, raising 
political, i.e. parliamentary attention is not given a priori. Raising attention is even more 
challenging, given the immense workload of members of parliament and the perceived 
lack of urgency to engage with an emerging technology that is still largely in an experi-
mental phase (Van Est, 2013b).

Yet, it was clear for the Rathenau Instituut that the developments of synthetic biology 
warranted timely political opinion-making, particularly in the light of preventing harsh 
paralyzing discussions that characterize earlier debates on GMOs and positive experiences 
in early engagement with nanotechnology (Krabbenborg, 2013; Van Est et al., 2012). 
Therefore, as discussed in chapter 5, next to engaging with parliament, the Rathenau 
Instituut decided to actively engage with political youth organizations (PYOs) by organiz-
ing a political debate between representatives from such organizations and participants of 
iGEM, the synthetic biology design competition for students. This culminated in a ‘Meeting 
of Young Minds’ (MOYM) between ‘future politicians and future synthetic biologists’. In 
order to support the PYOs, the Rathenau Instituut facilitated them by providing relevant 
reports and organizing an expert meeting, similar to how members of parliament could 
be facilitated by the institute. 

I conclude that the MOYM can be viewed as an innovative constructive early engagement 
activity to foster better alignment between synthetic biology and society. The MOYM 
foremost, facilitated timely political opinion-making through engaging with Dutch PYOs. I 
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consider this valuable since the participants represent important voices, that up until then 
were not heard in the public debate on synthetic biology. Additionally, the intervention 
generated insights about what kind of issues and tensions may become important in the 
future. In addition, the MOYM contributed to mutual trust between participants stemming 
from the political sphere and science and technology sphere. In sum, the MOYM gener-
ated valuable insights to broaden and deepen the public discourse on synthetic biology in 
the Netherlands in terms of content and stakeholder involvement.57 From a more general 
point of view, I conclude that TA can fulfill a valuable role in fostering the alignment be-
tween emerging technologies, such as synthetic biology, and society through engagement 
with political parties, particularly because it facilitates timely political opinion-making. 
From a practical point of view, an activity similar to the MOYM can be easily replicated 
by other TA or RRI practitioners. Granted, the iGEM community (see section 3.2) – and its 
explicit attention for the societal dimensions of synthetic biology – is a remarkable ally 
in organizing such an activity, that may not be available in other disciplines. Having said 
this, science and technology students from different disciplines are increasingly trained in 
e.g. ethics, RRI and value sensitive design (e.g. Friedman & Hendry, 2019; Heras & Ruiz-
Mallén, 2017), and henceforth could be recruited for similar events. Moreover, engage-
ment activities without participants representing the technological field that is discussed, 
could be thought of as well.

3.2 Reflection
In this section, I reflect on the broader learning opportunities of the MOYM by consider-
ing a number of elements that characterize contemporary TA. I will do so in relation to: 
the societal meaning of synthetic biology (element 2), engagement with different social 
spheres (element 3) and the democratization of technological culture (element 7). Mak-
ing strategic use of timing (element 6) plays a crucial role in relation to the other three 
abovementioned elements. 

• Exploring societal meaning of synthetic biology
First of all, the MOYM provided valuable learning opportunities with regard to the societal 
meaning of synthetic biology (element 2). As an emerging technology that has not (yet) 
lead to widespread public debate, synthetic biology is still morally ambiguous (Ancillotti 
et al., 2016; Asveld & Stemerding, 2017). The lack of knowledge about perceived benefits, 
needs and issues, as well as associated relevant values, inhibits the possibility to consider 
the desirable development of synthetic biology. Evidently this lack of knowledge was not 

57 In order to disseminate the insights, the results of the MOYM were a major part of the Rathenau Instituut’s report 
‘Politiek over leven’ (Rerimassie & Stemerding, 2013), accompanied by a policy brief. Both were launched during 
a follow-up public event of the MOYM, a ‘political cafe’ on synthetic biology targeted at for instance, civil society 
organizations and policy makers. Partially inspired by the Rathenau Instituut’s participation in the EU-project SYN-
ENERGENE, the report was also translated into English under the name ‘SynBio Politics’ (Rerimassie & Stemerding, 
2014) as to open up the insights for partners and audiences of the project.
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fully mitigated by the MOYM, yet it succeeded in generating timely empirical insights into 
political perceptions and potential sensibilities. The debate, for instance, highlighted dif-
ferent viewpoints about the societal need for synthetic biology. In short, on the one hand, 
some PYOs perceived societal value, while others did not. Some critical PYOs even feared 
that the risks of synthetic biology outweighed potential benefits. In addition, some PYOs 
felt that synthetic biology is overstepping moral boundaries that should not be crossed. 
Furthermore, most PYOs had strong concerns about deliberately releasing organisms 
developed through synthetic biology in the environment due to unknown risks, and ac-
cordingly, most of them agreed that political oversight of synthetic biology is required. 
Such timely insights into different viewpoints and possible sources of tension are valuable 
for a broad plethora of actors involved in the development and governance of synthetic 
biology. 

A very insightful example in this regard, was provided by DWARS, the PYO connected 
to GroenLinks, the left-wing green party in the Netherlands. In the political pamphlet 
they wrote in preparation of the MOYM (see chapter 5), DWARS notes that its ‘mother 
party’ GroenLinks has been vocally against the use of GMOs. DWARS however, explicitly 
recalled this stance and noted that extrapolating this view to synthetic biology would be 
somewhat obvious, but stressed that this did not match the forward-looking, progressive 
nature of their party. Therefore, DWARS decided to consider synthetic biology on its own 
merits, particularly because the field is still in an early phase of development, in which 
its development trajectory was still perceived as open. Contrary to the expectations of 
many participants, they accordingly expressed conditional support for the possibilities 
of synthetic biology, notably in the light of its potential contributions relating to climate 
change, sustainability and public health. The reason I find this example insightful and 
valuable is not because DWARS positioned itself as somewhat supportive of synthetic biol-
ogy, but because it demonstrates the potential of early engagement in facilitating one of 
democracy’s crucial values: the possibility to change one’s position. It also demonstrated 
that initial assumptions that actors may have about the views of other actors, may not 
be justified, given that most participants expected a skeptical view from DWARS upfront. 

• Engagement with different social spheres and democratization of technological culture
Next, the MOYM offers learning opportunities from the perspective of engagement with 
different social spheres (element 3) as well as the democratization of technological culture 
(element 7). As stated, on the basis of the MOYM, I believe that similar activities could 
be organized, but at this point, I would like to broaden my claim. I argue that engaging 
with political parties as such, on topics related to STI, is a valuable way to initiate TA 
interventions in the political sphere and ultimately foster better alignment between tech-
nology and society. Such an approach could particularly be useful in cases where political 
attention for an emerging technology may be warranted – because such developments 
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may raise questions that cannot be self-evidently answered from existing ideologies – but 
where parliamentary attention would be difficult to mobilize. Chances are high that such 
an emerging topic could be considered important by parliament, but that other pressing 
issues are viewed as more urgent: a situation that may become common, given that part 
of TA- or RRI-inspired interventions are taking place upstream where technologies are still 
in an experimental stage. 

Prior to reflecting hereon from the perspective of theory and existing approaches relating 
to parliamentary TA and participatory TA, it is first important to deconstruct the notion of 
‘political parties’. In modern democracies, members of parliament (and, depending on the 
political system, members of the executive branch), are in principle elected via elections 
in which political parties have put forward affiliated candidates. Here, it is crucial to note 
that a political party is no unity, but a multitude of organs and related bodies (Van Rooyen, 
2009). Several of these ‘political party-affiliated organizations’ could fulfill a valuable role 
in examining the potential significance of emerging technologies from the perspective of 
the political party they are connected to, i.e. from a particular ideological point of view. 
Similar to PYOs or ‘youth wings’, this applies to political party think tanks (or scientific 
bureaus) and (ad hoc) political party advisory groups. Furthermore, it is crucial to note 
that this does not only apply to the Netherlands; in most countries in which TA or RRI is 
pursued, political parties are associated with related youth wings and/or political party 
think tanks (e.g. Forbrig, 2005; Pattyn et al., 2017; Pickard, 2019). Such organizations are 
not consulted (at least not prominently and sustainably) in the practice of TA.

Drawing from existing conceptualizations in TA, an approach built around the aforemen-
tioned ideas could be typified as upstream political engagement, as it seeks to operation-
alize early or upstream engagement in the political sphere, but does so by looking beyond 
parliament and therefore broadens the scope of parliamentary TA. In addition, such an 
approach can also be substantiated from the perspective of participatory TA.

From the perspective of parliamentary TA, it can be acknowledged that technologies 
that are still in an experimental stage may not carry enough urgency to be adopted by 
parliament at that moment in time. However, given that such technologies – like synthetic 
biology – may at some point, due to rapid breakthroughs or events, become in urgent 
need of attention, they also need ideological consideration. Consider the large impact of 
the news relating to Dolly, the first cloned sheep. As became clear in the MOYM debate, 
synthetic biology apparently raises questions that cannot self-evidently be answered from 
existing party ideologies: e.g. to what extent do we need and want to promote synthetic 
biology? Should we allow organisms produced through synthetic biology to be released 
into the environment? How do we weigh opportunities for sustainability against the value 
of naturalness? Political party affiliated bodies could play a valuable role in formulating 
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(tentative) answers to such questions from the perspective of the political party they are 
connected to, in a timely manner. In doing so, they could potentially prevent politicians 
to be caught off-guard if issues around an emerging technology suddenly become urgent. 
This approach can hence be understood as ‘indirect’ or ‘proto-parliamentary’ TA, since 
ultimately capacity building for parliament can be viewed as an end goal. So, from the 
perspective of parliamentary TA, upstream political engagement could first be viewed as 
a means to an end, the end being facilitating parliament. In this light democratization of 
technological culture (i.c. the development of synthetic biology) is facilitated in a fairly 
literal sense, because ultimately, timely (partisan) political opinion-making on the role of 
STI is promoted.

From the perspective of participatory TA, engagement with political party affiliated bodies 
could be considered as an end in itself as well. Here it is important to note that in electoral 
systems that allow for multiple parties to be represented in parliament, political parties 
are viewed to represent a micro-cosmos of society (Elzinga et al., 2012; Heringa & Kiiver, 
2009), as is the case in many European parliamentary democracies. From this perspec-
tive, political party affiliated bodies can be targeted directly as civil society organizations 
in their own right. Indeed, in the Netherlands, both PYOs and scientific bureaus act as 
civil society organizations that fulfill their own role within the Dutch political and societal 
discourse, e.g. through publishing reports and documentaries.58 

The idea of upstream political engagement resonates with established approaches in 
parliamentary and participatory TA. However, important limitations are in place here. 
PYOs – or other political party affiliated bodies – should by no means be equated with 
parliament, since they evidently do not have the same possibilities and power to influence 
policy, nor can I substantiate any claims that the positions displayed by the PYOs during 
the MOYM made an impact on their mother parties’ positions. I therefore primarily view 
the MOYM as a proof-of-principle for an approach inspired by upstream political engage-
ment, which I consider valuable in the alignment of STI and society.

3.3  Aligning synthetic biology and society through early engagement in 
the science & technology sphere

In the context of the EU project SYNENERGENE, the Rathenau Instituut, in collaboration 
with the Athena Instituut of the Vrije Universiteit Amsterdam (from now onwards referred 
to as the ‘SYNENERGENE team’) sought to foster responsible research and innovation 
(RRI) by collaborating with teams that participated in the iGEM competition for synthetic 
biology students. On the basis hereof, I conclude that early TA engagement with the sci-

58 An example hereof is the documentary ‘Meat the Truth’, produced by the Nicolaas G. Pierson Foundation, the 
scientific bureau of the Partij voor de Dieren, the Dutch animal welfare party. The 2008 documentary intended to 
raise awareness for the topic of climate change and the role of the meat industry herein and gained considerable 
media coverage.
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ence and technology sphere, through development of future scenarios is a fruitful way to 
facilitate the alignment of synthetic biology and society. In order to substantiate this, I will 
briefly recapitulate the TA intervention and its results.

As mentioned, iGEM participants need to pay close attention to the potential ethical and 
societal ramifications of synthetic biology, but even more so of their own projects, under 
the heading of the so-called (integrated) ‘Human Practices’ element of the competition 
(Rabinow & Bennett, 2009). On the basis hereof, it is argued that the iGEM competition 
can be seen as an RRI laboratory (Stemerding, 2015) and therefore provided an interesting 
space to learn about the operationalization of the relatively new concept of RRI. In order 
to do so, the project team of the Rathenau Instituut and Athena Instituut developed a 
two-step approach dedicated to imagining plausible and socially desirable synthetic biol-
ogy futures, inspired by the concept of Real-time TA (Guston & Sarewitz, 2002). The first 
step will be discussed here and the second in the next section. From 2014 to 2016, a 
number of iGEM teams were supported by coaching them in the development of future 
scenarios aimed at exploring the plausibility and desirability of their synthetic biology 
design. This approach was conceptualized as a technological options-oriented approach 
to RRI. Real-time TA served as a stimulus to broaden technological design by increasing 
interaction and reflexivity, ‘opening up’ the laboratory to society (Doorn et al., 2013). 
Additionally, a connection of the activities with ‘grand societal challenges’ which gained 
prominence in the emerging RRI discourse was sought (Van Den Hoven, 2014). In this 
dissertation, I focused on our activities in 2014, when societal challenges relating to anti-
biotics resistance and renewable energy were chosen as central themes. 

As discussed in chapter 6 of this dissertation, the project team strived to enable the ‘test-
ing’ of imaginations of futures in which synthetic biology is applied in an anticipatory 
way. In order to do so, the iGEM teams were facilitated in exploring the plausibility and 
desirability (Selin, 2011) of the iGEM teams’ so-called ‘virtual prototype’ by integrat-
ing feedback from stakeholders in the real world. In order to do so, two guidelines for 
constructing future scenarios were developed: one for writing application scenarios and 
another to create techno-moral vignettes. Application scenarios are empirically grounded 
speculations, based on our current understanding of the world, and describe how a par-
ticular innovation might be taken up in this context. Techno-moral vignettes are more de-
liberately fictional with the aim of triggering imagination and reflection on the desirability 
of a technology. Such vignettes depict future snapshots of wider social implications, value 
conflicts, and soft impacts in worlds where particular (synthetic biology) applications are 
imagined to have been widely adopted (Lucivero, 2012). The guidelines hereon were 
informed by concepts from STS, such as the social construction of technology (Bijker et 
al., 1987) and soft impacts (Swierstra & Te Molder, 2012), as well as NEST-ethics (Swierstra 
& Rip, 2007). In both cases, the students were prompted to ‘step in the wider world’, i.e. 
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asked to engage with a wide variety of (potential) stakeholders, such as potential users, 
risk assessors, businesses, and policy-makers. In addition to the guidelines, the participat-
ing teams received a small supporting grant and were actively coached by TA researchers 
within the SYNENERGENE project, including myself.

In order to examine the extent these activities contributed to RRI in synthetic biology, and 
accordingly to better the alignment of synthetic biology and society, interviews with the 
participating teams were held, their future scenarios and ultimate designs were consid-
ered regarding how this particular type of engagement activity contributed to four pillars 
of RRI: anticipation, inclusion, reflexivity and responsiveness (Stilgoe et al., 2013b). It was 
concluded that the activities did contribute to RRI in synthetic biology, on all accounts. 

This particular form of early engagement in the science and technology sphere seemed 
valuable on two levels. First of all, on the basis of the first year, in which many guide-
lines were still under development, the SYNENERGENE team observed that constructing 
future scenarios held the potential to make changes in the design in order to address 
identified concerns and needs. This potential was affirmed in the two subsequent edi-
tions (Sonck & Stemerding, 2015). Secondly, similar to the TA experiences in the Dutch 
NanoNed programme (Krabbenborg, 2013; Rip & van Lente, 2013), constructing future 
scenarios – and collaboration with SYNENERGENE TA coaches – made the participants 
more reflexive and sensitive to the ethical ramifications of their work, as well as towards 
societal needs. Looking at de facto aligning synthetic biology with society, I cannot claim 
that the TA- or RRI-like interventions altered the design trajectory of synthetic biology. 
Yet, I do conclude that these interventions were valuable. iGEM, its ‘Human Practices’ 
component, and the collaboration with SYNENERGENE, constitute important building 
blocks in the education of the future synthetic biologists that were guided by the project 
team. In their recent article, Jainarayanan and colleagues state that eighteen years after 
its inception, iGEM “has catalyzed the infusion of synthetic biology with interdisciplinary 
fundamental and translational research, as well as with inspired young scientists” (2021, 
p.1599). Since its inception over 50.000 alumni have participated in iGEM via ca. 3.000 
teams from all over the globe (ibid.). Of course, the SYNENERGENE team only collaborated 
with a fraction of participants, but the experiences demonstrated that interventions such 
as these could ultimately contribute to better alignment of synthetic biology and society. 
Training these aspiring synthetic biologists in RRI- or TA-inspired approaches led to more 
sensitivity and sense of accountability regarding the societal ramifications of the very field 
they are advancing. These students ultimately may end up in academic research, but also 
in synthetic biology industry and business. The latter is particularly important since the 
linkages between industry and business and RRI are still considered weak (Martinuzzi et 
al., 2018; Scholten & Blok, 2015). Following up on the experiences, the initial guidelines 
were adapted to a more useful and appealing web-based format: the ‘iGEMer’s guide to 
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the future’ (SYNENERGENE, 2018). Inspired by the feedback from teams that worked with 
the initial guidelines, it was designed in a modular structure in which all – or just a few 
– exercises and tools can be used in various sequences. Additionally, it was designed in 
such a way that the need for a TA coach was (hopefully) limited. Up to this day, this guide 
is suggested by the iGEM organization as a potentially valuable resource for iGEM teams 
to engage in ‘Human Practices’, and as a resource on ethics and responsible research, 
specifically (IGEM, n.d.). Potentially, the endeavors of our SYNENERGENE may continue to 
facilitate future alignment of synthetic biology and society.

3.4 Reflection
On the basis of the collaboration with the iGEM teams, I concluded that early TA en-
gagement with iGEM teams – as representatives of the synthetic biology science and 
technology sphere – through the development of future scenarios, contributed to better 
alignment of synthetic biology and society. Moreover, based on these positive experi-
ences, I argue that activities based around the construction of future scenarios may be 
inspirational and replicable in RRI-based research programmes. At this point I will reflect 
hereon from the perspective of the following elements of contemporary TA – the need of 
a broad understanding of synthetic biology (element 1), the societal meaning of synthetic 
biology (element 2), engaging with different societal spheres (element 3), the institution-
alization of TA and RRI (element 5) – as well as from the RRI-discourse.

• Exploring the societal meaning of synthetic biology in context and engagement with 
stakeholders
First, our collaboration enabled learning about the societal meaning of a broad array of 
synthetic biology applications in very concrete and societal contexts connected to the 
projects of the iGEM teams. During the MOYM project synthetic biology was discussed in 
a rather general sense, while in this RRI-based intervention the future scenarios enabled 
moral imagination regarding plausible concrete applications. The scenarios were not 
considered as predictions of the future, but only after the students succeeded in dem-
onstrating the plausibility of their project through a coherent application scenario, they 
advanced to drafting subsequent techno-moral vignettes to minimize speculative ethics 
(Nordmann, 2007). The techno-moral vignettes in turn allowed the exploration of the 
desirability of the envisaged applications and even the potential ramifications of basic 
synthetic biology research (elements 1 and 2). This enhanced the moral reflexivity of the 
participating teams. To quote one of the participants: “Scientists always say: it’s not my 
business. I just do it because it's 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). In order to gain such insights, it was 
pivotal that the iGEM teams ‘stepped outside of the laboratory’ and engaged with relevant 
stakeholders and experts to explore the plausibility and desirability of their application. 
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In doing so we facilitated interaction between the science and technology sphere and the 
societal sphere (element 3). 

• Learning opportunities for the institutionalization of TA and RRI
Furthermore, the experiences are insightful for fruitful institutionalization of TA engage-
ment. As discussed in chapter 2, RRI can be understood as a response to the growing 
dissatisfaction with earlier forms of interdisciplinary collaboration between natural and 
social scientists in socio-technical knowledge production and innovation. According to 
Balmer and colleagues (A. S. Balmer et al., 2016), in such projects social scientists run the 
risk of being positioned as ‘nay-sayers’. Against this backdrop, there have been recent at-
tempts to organize more constructive interdisciplinary cooperation on a programme level 
(Forsberg et al., 2018b). One such example was the institutionalization of Risk Analysis and 
Technology Assessment (RATA) in NanoNextNL, a large-scale Dutch national research and 
technology programme for micro- and nanotechnology (Van Wezel et al., 2018). I argue 
that interdisciplinary collaboration based around the construction of future scenarios may 
contribute to fostering further and inspiring integration of the social and natural sciences 
in such programmes, and ultimately contribute to better alignment of STI and society on 
a larger scale. 

Looking at the emerging RRI-discourse, engagement with the iGEM community can be 
considered as an operationalization of RRI, taking technological options as a starting 
point. Accordingly, it can be viewed as an attempt to aid synthetic biologists in ‘doing 
things right’ (Stemerding, 2019). In itself, this activity may foster the alignment of syn-
thetic biology and society, since it enables technology developers to learn about needs, 
risks and ethical issues of their aspired innovation in a timely manner and therefore may 
be addressed in their design. At the same time, this approach can be supplemented with a 
more societal-objectives oriented approach. Integrating such approaches may enable the 
formulation of viable and socially desirable pathways of innovation, as will be discussed 
in the next section. 

3.5  Aligning synthetic biology and society through early engagement in 
the societal sphere

As mentioned in the previous section, the collaboration with iGEM in the development of 
future scenarios was part of a two-step interactive process of real-time TA. This section 
discusses the second step in which an interactive multi-stakeholder dialogue with a wide 
variety of stakeholders actively working on the challenges of antimicrobial resistance and 
renewable energy was held (elaborated in chapter 7). In the conceptualization of this 
engagement activity (as discussed in chapter 3), we considered that from its inception, 
synthetic biology was framed as a field that could revolutionize biotechnology industries 
and may make a major contribution to future innovation and competitiveness. As Hil-
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gartner has argued, this framing in which synthetic biology is portrayed as a catalyst of 
biotechnology, can be seen as ‘future making’. Within this framing the expanding capacity 
in synthetic biology is connected to well-institutionalized and familiar socio-technical 
imaginaries of scientific progress as an enhancer of national well-being and the prom-
ise of a new twenty-first-century bio-economy (Hilgartner, 2015). Such socio-technical 
imaginaries serve as strategic visions in science policy discourses, in which futures to be 
attained are predominantly shaped by actors in the science and technology sphere, often 
excluding broader sets of actors from participation in processes of future making. In the 
conceptualization of the second step of the real-time TA process that was initiated, the 
SYNENERGENE team sought to facilitate the formulation of alternative, more inclusive 
and reflexive modes of imagining and using visionary narratives of emerging science and 
technology, inspired by the aims of RRI. The aim was explore 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 significance it may have for stakeholders” (Van 
der Burg, 2014, p.101) and creating joint spaces which invite stakeholders “to identify 
opportunities for innovation undertaken in the public interest” (Owen, 2014, p.114).

As discussed in the former section, the future scenario development activities conducted 
with the iGEM teams took their envisaged applications as a starting point and was therefore 
conceptualized as a technological options-oriented approach to future making and RRI. At 
the same time, to secure coherence with the second step discussed here, antimicrobial 
resistance (AMR) and renewable energy were established as overarching societal chal-
lenges. Accordingly, from the outset there was a connection with the ‘challenge-oriented 
turn’ signified by RRI, as discussed in chapter 2. In the approach of the second step in 
our real-time TA process, grand societal challenges were the starting point of the multi-
stakeholder dialogue that was organized, and can therefore be understood as a societal 
objectives-oriented approach to future making and RRI. 

I conclude that the multi-stakeholder dialogue and the operationalization of this societal 
objectives-oriented approach contributes to better alignment of synthetic biology and 
society. In order to reflect on the merits of this approach, I will substantiate this by sum-
marizing the activities and results. I focus particularly on the activities relating to AMR, 
since these were hosted by the Rathenau Instituut (and myself).

The dialogue was organized in March 2016 and consisted of two parallel workshops (dedi-
cated to the respective themes) of one-and-a-half day. The AMR workshop was attended 
by nineteen participants representing different spheres of activity and expertise in rela-
tion to AMR policymaking, human and animal health, industry, as well as synthetic biol-
ogy research (working on AMR-related applications, including iGEM representatives that 
participated in the first step). Following the Rathenau Instituut’s formal task description, 
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the AMR workshop focused on policy learning, i.e. insights for decision-making notably 
for innovation policy. 

The workshop moved stepwise from exploring how participants defined the major is-
sues and challenges concerning AMR, to the articulation of a future policy vision with 
the aim to identify options for synthetic biology innovation that might be desirable in 
this context. Participants were invited to share their personal views about these issues, 
with the aim to get a comprehensive understanding of problem definitions, interests and 
values shaping debates on antibiotics use and innovation. To structure these discussions, 
participants were asked to describe, for the Netherlands and Europe: the main causes of 
AMR, potential and desirable solutions, and last, needs for social change, knowledge and 
technical means in order to realize these solutions. Only after these steps were taken, an 
introduction about synthetic biology was given and its potential role was explored. Some 
directions of solutions did not warrant any form of technology (like prudent use), but 
in other directions they did. E.g. synthetic biology could play a role in developing novel 
antibiotics or alternative therapies (such as phage therapy), which are indeed pursued in 
the Netherlands. Interestingly, a strong demand for quicker diagnosis and monitoring was 
put forward, in which synthetic biology potentially could play a role, but is less pursued 
thus far. Ultimately the participants were asked to create a future story explaining how 
to make the Netherlands and Europe AMR-proof in 2030, which led to four diverging 
scenarios with different roles of synthetic biology. 

3.6 Reflection
I concluded that the multi-stakeholder dialogue is a productive operationalization of early 
TA-inspired engagement in the societal sphere. It is fairly easily replicable by TA and RRI 
practitioners and, when pursued on a larger scale, can contribute to better alignment 
of synthetic biology – or other STI – and society. From the perspective of the traits of 
contemporary TA, it provides particular learning opportunities regarding the need for 
inter- and transdisciplinarity (element 4), the strategic use of timing (element 6) and 
democratization of technological culture (element 7). 

• Seeking for balance in transdisciplinary spaces
First of all, from the perspective of transdisciplinarity, the multi-stakeholder dialogue is a 
productive way to enable mutual learning between actors in different social spheres. In this 
context, it is interesting to consider the redistribution of expertise. Often in participatory 
activities, scientists and technology-developers are put center-stage and hold the power 
to frame a certain technology – similar to the narrow way discussed in the introduction 
of this section. Here the technology – and its potential – is often considered as a given. In 
our engagement activity societal actors, rather than scientists and technology-developers, 
were put center-stage and spearheaded the problem definition and potential solutions. 
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From this point of view, they were considered experts. Only after this step was taken, 
synthetic biology’s potential came into play, by which the synthetic biologists could bring 
expertise to the table. Accordingly, this approach harnessed the societal actors’ expertise 
directly vis-à-vis technology developers and provided a better balance between these two 
groups of actors, which is often lacking in engagement activities (Davies, 2013); in other 
words, the playing field in seeking the alignment between synthetic biology and society 
was levelled. 

• Collective conversations on the purposes of synthetic biology innovation: opportunities 
for innovation policy
Looking at the strategic use of timing (element 6) and democratization of technological 
culture (element 7), the dialogue allowed the participants to ask themselves: do we really 
need this technology to address this particular challenge or do we need other solutions – 
technological or non-technological? It demonstrated how the societal-challenges oriented 
turn (Stemerding, 2019) may be put to practice. As STS scholar Jack Stilgoe noted, there 
need to be “collective conversations, not just about the products of innovation, but also 
about the purposes of innovation, the directions in which innovation appears to be point-
ing” (Stilgoe, 2013, p. xiv). This intervention opened up such conversation about what in-
novations are needed and desirable according to societal actors involved in antimicrobial 
resistance and sustainable energy. Building on the first step of our real-time TA process, 
and contributions of the participating synthetic biologists, solutions synthetic biology may 
have to offer could be explored, as well as what would be needed to realize them. This 
enabled the identification of potential viable and desirable trajectories for innovation. In 
this light, I believe this approach could contribute to innovation policy. Daimer, Hufnagl, 
and Warnke (2012) and Schot and Steinmueller (Schot & Steinmueller, 2018) identified 
a paradigm shift in innovation policy which has been called ‘transformative innovation’ 
(Steward, 2008). In this framing, the political goals of innovation are broadened and 
more political. Next to competitiveness, innovation policy is expected to address (grand) 
societal challenges like health and well-being, sustainable agriculture and energy (Van Est, 
2017). As discussed in chapter 2, this is reflected in the funding schemes of the European 
Commission, but also the Netherlands recently presented a similar policy dedicated to 
‘mission-oriented innovation policy’ (Topsectoren, n.d.). 

The identification of potential viable and desirable trajectories for innovation through 
comparable dialogues may be a practical way for policy-makers, funding organizations, 
as well as scientists and actors in the innovation chain, to learn about what innovations 
should be stimulated and how. At the same time, here lies a potential weakness of this 
approach. Participating in such a dialogue requires time and effort and while participat-
ing may enable mutual learning among participants, focusing on policy learning requires 
careful expectation management, given that it is unclear whether the outcomes have any 
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impact on policy-makers. This may result in disappointment among participants, which 
in turn may lead to distrust towards TA and policy-makers (Mampuys, 2021). In our case, 
such disappointment was not apparent, but we cannot claim that our engagement activ-
ity de facto made an impact on policy-making, and aside from mutual learning among 
participants, thus only limitedly contributed to better de facto alignment of synthetic 
biology and society. Although the insights were used in a briefing note to aid members in 
parliament in there preparation for an upcoming parliamentary debate on biotechnology 
(Rerimassie et al., 2016), I consider this particular early engagement intervention primar-
ily as a demonstration of proof of principle. 

4.  Towards an integrated approach in early TA engagement 
with science, technology and innovation

In section 2, I summarized the findings of a literature review in which I examined the 
historical and conceptual development of TA-inspired practice and considered the insti-
tutionalization thereof in the Netherlands. Based on that, I concluded that TA-inspired 
interventions should be aimed towards different social spheres, in order to secure that 
a plethora of relevant voices is heard on how technology and society should be aligned. 
Secondly, such interventions ought to take place in an early stage of technology devel-
opment. The Rathenau Instituut initiated multiple TA interventions regarding synthetic 
biology according to these assumptions. 

I concluded that the engagement activities of the Rathenau Instituut contributed to better 
alignment between synthetic biology and society, albeit modestly. As mentioned, I do not 
claim that the interventions of the institute fundamentally altered the design trajectory of 
synthetic biology, nor did they fundamentally impact the societal and political discourse 
thereon. Yet, I do believe they made positive contributions in this regard. Moreover, I view 
the undertaken TA-inspired activities as successful experiments in the operationalization 
of new concepts put forward in relation to fostering the alignment between technology 
and society, such as upstream engagement and RRI. In addition, looking at their design, 
the interventions can be easily replicated. Here it is also important to be mindful of the 
fact that, while synthetic biology continues to develop, the field is still in an experimental 
stage. Therefore, it is difficult to assess the impact of TA interventions regarding the field, 
including those conducted by the Rathenau Instituut. 

Considering the diverse set of traits of contemporary TA that I identified (as outlined in 
sections 2 and 3), evidently, there is no single approach that stands out; each social sphere 
is relevant to address from the perspective of TA and comes with its distinct features that 
both enable and constrain the potential effectiveness of engagement activities. Perhaps 
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more importantly, looking at the experiences of the Rathenau Instituut, it seems crucial 
to establish connections between different social spheres. Indeed, while the interventions 
of the Rathenau Instituut had a deliberate, distinct focus on a specific social sphere, they 
always facilitated interaction with actors from other social spheres: the PYOs (from the 
political sphere) debated amongst themselves as well as with iGEM participants (from 
the S&T sphere); the iGEM participants were prompted to engage with a wide range of 
stakeholders (from the societal sphere); and the dialogues on synthetic biology’s potential 
role regarding AMR and renewable energy could not take place without the expertise of 
attending synthetic biologists to understand (im)possibilities of what synthetic biology 
can offer. 

On the basis of these experiences and broader lessons about contemporary TA, I there-
fore conclude that better alignment between synthetic biology calls for a deliberate, 
longstanding integrated approach. From an idealized point of view, if synthetic biology 
and society are properly aligned, this would entail that as a society we have identified the 
goals why synthetic biology is pursued and identified how these could be reached; accept-
able risks were identified and managed; ethical, legal and societal issues are mitigated, 
and lastly, deliberation on all of the aforementioned topics would have been organized 
successfully in an inclusive manner. In simplified words, in order to achieve that synthetic 
biology does the right things in the right manner, I believe a long-term concerted effort is 
needed. Below I will consider the role that TA and RRI practitioners can play in this regard, 
as well as governments.

4.1 The role of TA and RRI practitioners
As mentioned, an integrated approach entails that TA and RRI practices should strive for 
connections between different social spheres, i.e. connections should be established be-
tween actors in the science and technology sphere, the societal sphere and the political 
sphere. Here integration may enable mutual learning, as well as building mutual trust. In 
short, an integrative approach could synthetize knowledge generated in the distinct social 
spheres, culminating in a more meaningful contribution in the alignment of synthetic 
biology and society than would have been the case, without such connections. In seeking 
for integration, I believe that specific attention is called for regarding the political sphere. 
I would like to argue that, given the importance of timely political opinion-making, TA 
and RRI practitioners ought to engage more with politicians and policymakers. Under the 
banner of RRI, currently much interventions are taking place in the science and tech-
nology sphere. While actors from the societal sphere are often involved or addressed in 
such projects, this only rarely seems to be the case for policy-makers and even less for 
members of parliament. 
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4.2 The role of governments 
However, a concerted effort calls for broader involvement of relevant actors than can be 
offered by TA and RRI practitioners alone. Fostering the alignment of synthetic biology and 
society is ultimately a matter of anticipatory and reflexive governance in which multiple 
actors have a role to play (Sarewitz, 2011; Tait, 2009; J. Y. Zhang et al., 2011). Voß and 
Bornemann noted about reflexive governance that it: 

“abandons the assumption of ‘one’ adequate problem framing, ‘one’ true prognosis of 
consequences, and ‘one’ best way to go that could be identified in an objective man-
ner from a neutral, supervisory outlook on the (social–ecological) system as a whole. 
Instead, it integrates a diversity of perspectives, expectations, and strategies in a complex 
understanding of societal change. It embraces the understanding that societal change 
results from a multiplicity of distributed efforts at shaping it; and it searches for ways to 
retain the multi-dimensionality of problems, the openness of futures, and the diversity of 
approaches in searching for ways to cope with challenges […].” (Voß & Bornemann, 2011).

On the basis hereof, I argue that governments – both at a national and international or 
intergovernmental level – have a fundamental role to play in the governance landscape 
concerning synthetic biology and in shaping this landscape. STS scholars like Bijker (1995, 
2001) and Jasanoff (2016) argue that technology holds tremendous governing power over 
society – similar to the governing power of the laws that apply to society. Analogous to 
the role of government in enacting and enforcing legislation, it also holds responsibility 
and accountability in the alignment of STI and society. Following the work of the Dutch 
Council for Public Administration (in Dutch: Raad voor Openbaar Bestuur), the government 
has so-called ‘system responsibility’ (2016).59 In addition to this responsibility, in spite of 
the wide variety of actors that are involved in the governance of emerging technologies, 
governments have the (democratic) power and greatest possibilities to exert influence in 
this governance landscape. 

As established above, alignment of emerging technologies, such as synthetic biology, and 
society calls for a plethora of interventions, varying from steering towards solutions for 
societal challenges, stimulating political opinion-making, to assessment of ethical, legal 
and societal issues, and organizing public participation. Interventions could be organized 
close to the innovation processes or deliberately from an outsider perspective. Accord-
ingly, a plethora of institutions is needed, or in other words a science, technology and in-
novation engagement ecosystem, is needed to organize an integrated approach. As I have 
discussed in chapter 2, both the Dutch government and (wider) TA and RRI community 
have demonstrated reflexivity in the face of emerging policy challenges relating to STI. 
However, several interventions occurred on an ad hoc basis. As a result, their significance 

59 In Dutch: ‘systeemverantwoordelijkheid’.
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may delude, particularly when they are not permanently institutionalized. Accordingly, 
I believe there is a need for ‘playmakers’ (cf. Barendse et al., 2021) that continuously 
gauge what is needed and try to make sure that different players are in the right position, 
in light of emerging policy problems relating to STI. Such playmakers assume problem 
ownership – or either have (implied) responsibility – about the needs in the science, STI 
engagement ecosystem. They ought to have an overview of both the supply and demand 
of the current landscape, and have the means to facilitate change. One may for instance, 
think of policy-makers at ministries or other governmental institutions, as well as funding 
agencies, which can facilitate change through establishing new institutions or devising 
funding schemes. I therefore call for institutionalized capacity and responsibility within 
governments to continuously monitor the current ecosystem and consider to what extent 
the ecosystem in question meets (emerging) needs. 

5.  Outlook: opportunities and challenges in aligning synthetic 
biology and society

In the previous section, I argued for an integrated approach towards (early) engagement 
with STI, including synthetic biology. In this section, I will share some thoughts on the 
outlook regarding the alignment of synthetic biology and society by considering a number 
of challenges and opportunities. As a starting point I will draw from two pieces that are 
inspiring in considering such challenges and opportunities, one drawing from the biotech-
nology community and one from the RRI community. 

In their March 2021 edition of Nature Biotechnology (Editors Nat Biotechnol, 2021), its 
editors wrote a piece called: ‘the next 25 years’. It provides an important outlook of the 
development of biotechnology. Synthetic biology is viewed important, when considering 
the development of biotechnology in the next 25 years. The editors make brief, yet bold 
claims about potential contributions of biotechnology, relating to e.g. public health and 
greening the economy. To what extend these aspirations will become true, yet remains to 
be seen. Interestingly however, the editors argue that “the future of biotech is as much 
about political and cultural leadership as it is about the science and technology itself” 
(Ibid., p.259), and close the editorial stating: 

“In the next 25 years, biotech must put people at its center. Today, the expertise walled off 
in academia or closeted in industrial franchises is in a bubble—cut off from the people it 
seeks to serve. The bioengineers of the future must not only promote technical excellence, 
but also foster equity, ethics, dialogue and social responsibility in how the fruits of their 
research are deployed. Only then can biotech become the “broad and inclusive enterprise” 
that will serve the needs of the many, rather than the few” (Ibid.).
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 If we consider the editorial staff of Nature Biotechnology as a proxy for the broader bio-
technology community, including synthetic biologists, we may hope that the aspiration to 
seek for better alignment of synthetic biology and society, is shared with that community. 

Turning to the domain of TA and RRI, I briefly consider the recent article “An unfinished 
journey? Reflections on a decade of responsible research and innovation” by Owen, Von 
Schomberg and Macnaghten (2021), three thinkers that played an important role in ad-
vancing RRI. They conclude with the following important roles of RRI in the present and 
(nearby) future. First of all, they argue that: “RRI should continue to be an important site 
for ongoing debate, contestation and negotiation about science, technology, innovation, 
society and responsibility” (Ibid. p. 228). Second, “RRI should also continue to be a site of 
praxis, a location for researchers and innovators to reflect on, make sense of, enlarge and 
practice their responsibilities to society” (Ibid.). And lastly, RRI can be a site for politics (…) 
a place for questions concerning the role (and efficacy) of more direct, deliberative forms 
of engagement with science, technology and innovation (and policies related to these) 
as compared with more indirect forms of representation” (Ibid.). Evidently, these sugges-
tions are highly relevant for this dissertation. The authors conclude stating that RRI “has 
played its part in helping us to understand, reflect on and open up those futures being 
created by science, technology and innovation, and how we can take responsibility for 
those futures as a society. Our hope is that this conversation will continue” (Ibid. p. 229). 
I share this hope and against this backdrop, I see the following opportunities in fostering 
the alignment of synthetic biology and society.

Opportunities
First of all, as illustrated in the introduction of this dissertation, increasingly more scien-
tific breakthroughs in the field of synthetic biology are achieved and derived products are 
being marketed. The need to align synthetic biology and society is therefore becoming 
more urgent. At the same time, TA and RRI interventions concerning this field already 
generated valuable knowledge about desirable directions of synthetic biology, so there 
is an opportunity to seize momentum. TA engagement activities such as employed by 
the Rathenau Instituut could be inspirational to this end. At the same time, drawing from 
the editorial piece in Nature Biotechnology and my experiences with the iGEM com-
munity (which extends beyond its participants and alumni, but includes a wide array of 
key synthetic biology figures), I perceive an open attitude of synthetic biologists. Risking 
optimistic naivety, I believe that this willingness and openness is an important asset to 
future endeavors towards striving for better alignment of synthetic biology and society.

Challenges
Having said this, I also observe a number of challenges. First of all, linkages between 
TA and RRI practice are still indeed weak, and far from institutionalized, and therefore 
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require attention. Exceptions and pilots aside (e.g. Van de Poel et al., 2020), this also 
holds for synthetic biology. In addition, while RRI is currently a driving force in fostering 
the alignment of STI and society, its discourse is not without risks. First of all, RRI assumes 
great responsibility of those actors directly involved in developing STI. However, this does 
not diminish the responsibility of other actors, notably that of the government. Looking at 
Dutch parliamentary debates, politicians for instance, easily refer to their (financial) sup-
port towards funding schemes dedicated, to RRI or ELSA research, to argue that they are 
committed to addressing societal ramifications of STI. But if we look closely, we can see 
that this allows politicians not to take a normative stance on the societal ramifications of 
STI (e.g. Parliamentary documents II 2017–2018, 33 009, nr. 61). Looking at the concerted 
effort that is needed in aligning STI – including synthetic biology – and society, this is an 
undesirable division of moral labor (cf. Rip, 2017); also, governments need to be held 
responsible and accountable for their role herein. 

Furthermore, given RRI’s strong connection to societal challenges, one needs to be mind-
ful of the argumentative power that is provided to the science and technology sphere (cf. 
Hilgartner, 2015); it provides a powerful narrative to justify the technologies it is advancing 
in relation to its contribution to grand societal challenges, or UN sustainable development 
goals (SDGs). This also holds for synthetic biology, which for instance, became clear when 
looking at the aforementioned editorial piece in Nature Biotechnology. Related claims 
should therefore be carefully scrutinized by TA and RRI practitioners, as well as politicians 
and other societal actors (which in turn can be facilitated by TA and RRI practitioners). 

Finally, as mentioned before, while ties between TA and RRI practice with synthetic bi-
ology research in academia have been established, linkages with industry and business 
actors are still weak. Fostering connections with such actors is an important challenge to 
overcome, given the immense role they play in bringing synthetic biology innovations to 
society.

6. Overarching reflections

Prior to presenting my recommendations and suggestions for further research, at this 
point I share a number of overarching reflections on the research conducted for this PhD 
thesis. I will reflect on: the practice of technology assessment as such, the Rathenau 
Instituut and lastly, reflect on my own role(s) and experiences as a reflective technol-
ogy assessment practitioner. In doing so, I will also address possible biases regarding this 
research, and its potential generalizability. 
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• Reflections on technology assessment
First of all, I reflect on the field of technology assessment as such, from the viewpoint 
of my research. As discussed extensively in this thesis, TA emerged – and evolved – in 
response to a lack of societal control of the development of STI, and the negative impacts 
of STI. In other words: TA emerged due to a lack of alignment between society and STI. 
In retrospect, one can only conclude that such issues remain persistent, and new ones 
emerged: fundamental alignment between STI and society is still an ideal. Moreover, 
ultimately the influence of technology assessment as such in the alignment of STI and 
society may be difficult to research. At this moment there is little societal controversy 
regarding synthetic biology (and nanotechnology for instance) when compared to earlier 
discussions on STI e.g. genetically modified foods or nuclear power. But can this lack of 
controversy be ascribed to the role of technology assessment (or RRI)? And does this lack 
of controversy entail better alignment between synthetic biology (or nanotechnology) and 
society – or is it just too soon to tell, given that synthetic biology (and nanotechnology) 
is still very much in development? It is difficult to test the contribution of TA (and RRI) to 
the lack of controversy regarding synthetic biology. Furthermore, a lack of controversy 
does not necessarily entail proper alignment between STI and society, for e.g. it does not 
indicate whether synthetic biology has societal value. At the same time, as discussed in 
chapter 2, reorientations in TA occurred, in part, in response to controversies, tensions 
and conflict regarding STI. Therefore, the relative lack of controversy regarding synthetic 
biology is nevertheless relevant for further TA practice and reflection hereon. 

A starting hypothesis of this thesis was that alignment of synthetic biology and society 
would be more successful with an active role of TA, than without. Evidently, I cannot 
claim to have been able to (fully) test this hypothesis. However, on the basis of the results 
presented in this thesis, and my experiences as a technology assessment practitioner, I am 
nevertheless hopeful that technology assessment can play a valuable role fostering the 
alignment of STI and society; fostering this alignment is – idealistic as it may be – worth 
pursuing (in line with e.g. pursuing the SDGs). At this moment in time, we face various 
societal challenges, varying from addressing (or preparing for) climate change to prepar-
ing for potential pandemics. STI can be part of solutions for addressing such challenges: 
what goals do we want to reach via STI? What is needed to reach those goals? At the same 
time, STI also played a role in the causes of aforementioned challenges. So, what future 
problems do we want to prevent? What is needed to ensure those problems will not 
become reality? And moreover, how can we facilitate meaningful deliberation hereon? 
Technology assessment can play a valuable role in finding answers to these questions. The 
same holds for new approaches related to TA, such as RRI and early engagement.60

60 To quote Dutch (soccer) legend Johan Cruijff: “why does a player have to chase the ball? Because he started running 
too late”.
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In terms of the generalizability of this research, it is important to note that the interven-
tions were indeed situated in the specific (institutional) context of the Rathenau Instituut. 
In addition, the iGEM competition offered several opportunities for engagement with 
synthetic biology and synthetic biology stakeholders, that may not be prevalent in other 
STI domains. At the same time, the knowledge produced in this research may be relevant 
in other contexts. In terms of organizations, the knowledge produced – and type of inter-
ventions discussed – may be valuable for e.g. formal technology assessment organizations 
in other countries, as well as academic groups engaging in TA and RRI. Addressing political 
parties as clients of TA, or using techno-moral vignettes to promote RRI among technol-
ogy developers or in multistakeholder dialogues is also useful in other settings. I believe 
the same holds for the type of STI that is addressed: the interventions discussed, may 
also be applicable for promoting the alignment of society and e.g. artificial intelligence or 
reproductive technologies. 

• Reflections on the Rathenau Instituut
Next, I will briefly reflect on the role of the Rathenau Instituut. First of all, it is important 
to recall that this thesis is to a large extent based on my experiences as a TA practitioner 
within this institute. However, I stress that the thesis should not be viewed as an evalu-
ation of the Rathenau Instituut. The scope of the work of the institute is considerably 
broader than the limited amount of activities that were discussed in this thesis. Neverthe-
less, on the basis of the activities in which I engaged, and in light of my reflections above, 
I consider the work of the Rathenau Instituut as important and valuable. As mentioned, 
the Rathenau Instituut has a strong tradition in reflective practice; this thesis can be 
viewed as result thereof. TA is valuable, yet is also situated in a complex and everchanging 
world. Therefore, I stress that reflective practice requires continuous attention within the 
Rathenau Instituut. 

• Reflections on my own role(s) as a technology assessment action researcher
Lastly, I will reflect on my own role(s) as a technology assessment action researcher and 
the implications hereof for this research. Given that this thesis is based on my personal 
experiences as a TA practitioner within the Rathenau Instituut, the results and their inter-
pretations should be treated with due care, since the findings may be subjective to bias (cf. 
Harmsen 2023). In addition, action research may lead to conflicting roles of researchers 
and associated challenges, as for instance described by Bulten et al. (2021) and Schuijer 
(2020). Bulten and colleagues for instance, discuss potential tensions between the role of 
the reflective scientist and action-oriented scientist. Such roles often need to be consid-
ered simultaneously by (SSH) researchers engaged in transdisciplinary (action) research. 

Looking at my own experiences in conducting this research, I have not experienced such 
tensions in a problematic manner, at least not consciously. One reason why is that the 
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major part of this thesis (and the journal articles included in this thesis) were written after 
my appointment at the Rathenau Instituut had ended. Many TA or RRI researchers con-
duct their academic research – or write their PhD thesis – in the context and timeframe 
of a larger project with a dedicated consortium, during which the roles of reflective and 
action-oriented scientist need to be taken up (fairly) simultaneously (as mentioned above). 
In the case of this thesis however, the action (TA and RRI interventions) and reflection 
hereon were separated, both in terms of time and working environment. This research 
was mostly conducted outside of the environment of the Rathenau Instituut, while hold-
ing positions that stimulated reflection on this research (within policy-making, academia 
and at the science-policy interface). Being an external PhD student, the reflection was also 
conducted without the time pressures that are often associated with the aforementioned 
research projects, and moreover allowed more time for reflection on past actions. In 
terms of the prevention of bias, it is important to stress that interventions undertaken 
by the Rathenau Instituut – including those in which I participated – are always carefully 
scrutinized by colleagues and supervisors that differ in the degree in which they are per-
sonally involved in the design and execution of the intervention. In addition, the projects 
discussed in this thesis were guided by a sounding board consisting of a wide variety 
of stakeholders and experts. Looking, at the reflection on the interventions, I remark to 
have benefitted greatly by being supervised by one supervisor that is also working at the 
Rathenau Instituut, and by another that is not. This facilitated critical reflection on the 
interventions discussed in this thesis, both from someone who is very familiar with the 
inner workings and wider context of the Rathenau Instituut, as well as from an outsider 
perspective. Under their supervision, I aspired to conduct this research with a construc-
tive critical attitude, resulting in an overall assessment that is modest about the de facto 
contributions of the interventions discussed regarding the alignment of synthetic biology 
and society; it predominantly points out the actionable knowledge that was produced. 
Yet, also the actionable knowledge presented, may be prone to potential bias, and it is 
important that the reader takes this into consideration. 

7. Recommendations and suggestions for further research

Lastly, I will provide a number of recommendations, as well as suggestions for further 
research to foster the alignment of society and synthetic biology (which also may be valu-
able for other emerging STI). I start off with recommendations for policy-makers, and TA 
and RRI practitioners, and finish with suggestions for further research. These recommen-
dations and suggestions are primarily focused on the Dutch context, but may be valuable 
in other contexts. 
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• Recommendation for policy-makers: assume the role of playmaker in fostering the 
alignment of science, technology and innovation and society
I have argued that fostering the alignment of synthetic biology and society requires an 
integrated approach, in which various RRI- and TA-inspired practices play an important 
role. There is a need for an STI engagement ecosystem that can perform a plethora of 
activities to contribute to anticipatory and reflexive governance of synthetic biology. Evi-
dently, this first requires long-term institutionalization and funding commitment. Looking 
at the Dutch ecosystem, we can observe that several institutions are supported through 
such long-term commitment, such as the Rathenau Instituut. However, other valuable 
activities were initiated on a more ad hoc or experimental basis, for instance, the Dutch 
societal dialogue on nanotechnology. At this point I foremost recommend developing 
institutionalized capacity within government to continuously monitor the current ecosys-
tem and consider to what extent this ecosystem meets the (emerging) needs of the time. 
Evidently, the government is the most important actor that can facilitate change, through 
funding schemes, requests for advice and even creating novel institutions. Given the role 
and power the government holds, it should assume problem-ownership and responsibility 
in this regard, or in other words: act as playmakers in the STI engagement ecosystem. Of 
course, I do not contest that TA and RRI practice should have several ties with specific, 
relevant branches of the government and ministries, but I rather argue that the meta 
governance of the STI engagement ecosystem should be a matter of policy-making in its 
own right, and requires centralized attention. 

• Recommendations for TA and RRI practice: invest in reflexive & adaptive capacity and • 
extend engagement with the political sphere
Turning to TA and RRI practitioners (in its broadest sense), I first of all, recommend continu-
ous efforts in terms of reflexive and adaptive capacity towards emerging developments, 
problems and policy ideas. This is not so much a recommendation in the sense that, as 
outlined in chapter 2, TA- and RRI-inspired practice already has demonstrated consider-
able reflexivity and adaptive capacity over the years. The answer to the question how 
alignment between STI and society should be fostered, has changed over time. It will likely 
need to be (continuously) revisited in the future. However, this reflective and adaptive 
capacity is not self-evident, and as Owen and colleagues rightly state (2021), the world 
has changed since the inception of RRI. Consider for instance, the rise of populism and dis- 
and misinformation or the impact of the COVID-19 pandemic. Accordingly, practitioners 
need to evolve as well. The four dimensions often cited in relation to RRI: anticipation, 
inclusion, reflexivity, and responsiveness, should inspire TA and RRI practitioners, as they 
should inspire the STI actors they intend to address. 

Secondly, I recommend TA and RRI practitioners to engage more directly with the political 
sphere. As I outlined in chapter 2, TA-inspired practice was originally strongly connected 
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to the political sphere and branched out to the societal sphere and science and technol-
ogy sphere, which I applaud. However, I observed a serious lack of timely political and 
ideological opinion-making on (emerging) STI, such as synthetic biology. Granted, politi-
cians and political parties have their role to play in this regard, but TA and RRI can play a 
valuable role in addressing this lack. I therefore, recommend that knowledge and insights 
gathered through TA- or RRI-inspired interventions in the societal sphere and the science 
and technology sphere should also be disseminated towards the political sphere (cf. 
Hagendijk & Irwin, 2006). Such knowledge could be translated to e.g. relevant ministries, 
members of parliament – but as I argued in section 3 of this chapter – also to political 
parties. Of course, these actors are important clients of formal institutes like the Rathenau 
Instituut or the Health Council of the Netherlands, but there is no reason why other TA 
and RRI practitioners, such as academic researchers, could not contribute to this end, as 
well. 

Suggestions for further research 
Lastly, I propose four suggestions for further research:

1. Understanding directions for desired change in TA and RRI practice through the 
multiple streams framework
In chapter 2, I discussed the conceptual and historical development of TA, focusing 
on the Netherlands as an example, using Kingdon’s multiple streams framework 
(MSF) (Kingdon, 2011; Zahariadis, 2019) to guide my analysis. This analysis looked at 
a period starting in the 1960s and ended around the first decade of the new millen-
nium. The MSF was very useful to understand the development of TA up until that 
moment in time. However, as Owen and colleagues argued, the world has changed 
since the inception of RRI, and since the inception of TA as such. In order to identify 
possible directions for desired change in the practice of TA, the MSF could be a valu-
able framework to gain insights into pressing (policy) problems, policy ideas, and the 
politics stream. This could help identify potential outputs in terms of the practice and 
institutionalization of TA. 

2. Modeling and conceptualizing a reflexive and adaptive STI engagement ecosystem
Secondly, I have argued for an integrated approach towards the engagement with 
STI, which ultimately, should culminate into a reflexive and adaptive STI engagement 
ecosystem. I hope to have provided some building blocks to conceptualize such an 
ecosystem. However, this would evidently require more research effort. Therefore, I 
propose further research to establish a model of what such an ecosystem could look 
like (in the Netherlands and other contexts). Such conceptualization could contribute 
to a better understanding of how an integrative approach toward engagement with STI 
can be organized from a practical and institutional point of view. 
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3. Understanding the long-term impact of early engagement with synthetic biology
Furthermore, this dissertation reflected on experiments with early (or upstream) 
engagement. Up until now, synthetic biology has not been met with the same type of 
resistance as earlier biotechnology, like has been the case with genetically modified 
foods for instance. This holds for the Netherlands, but also seems to be the case when 
looking at other countries. But to what extent can we ascribe this lack of controversy 
to early engagement of TA and RRI? As mentioned, I cannot claim that the interven-
tions of the Rathenau Instituut fundamentally altered the development trajectory of 
synthetic biology, nor the public or political discourse on synthetic biology. Perhaps 
the lack of controversy needs to be ascribed to the fact that synthetic biology is still 
in an experimental stage of development. At the same time, potential applications 
of synthetic biology are becoming more and more available, such as the algae oil 
considered by Ecover and the use of synthetic biology produced leghemoglobin to 
improve the meaty sensation of plant-based burgers, which were both mentioned in 
the introduction of this dissertation. In both instances, the use of synthetic biology 
was contested by certain societal groups. Ecover even abandoned the idea of replacing 
palm oil with algae oil due to the upheaval. As mentioned in the previous section, this 
new phase that synthetic biology is entering, changes the dynamics of aligning the 
field and society, and moreover provides important real-world test cases. This calls for 
continuous effort from the side of TA and RRI, but also provides opportunities to learn 
about the merits of the engagement contributions regarding synthetic biology, that 
were initiated thus far. Only through continuous interventions and empirical research 
hereon, TA and RRI practitioners can learn about the long-term value of engagement 
activities like those discussed in this dissertation.

4. Learning from iGEM
Lastly, in all three interventions discussed in this dissertation, the synthetic biology 
competition iGEM has played a crucial role. In these activities, the iGEM participants 
were viewed as the ‘synthetic biologists of the future’. Our collaborations with the 
iGEM teams in constructing future scenarios showed that such collaborations could 
influence their synthetic biology designs. Of course, we cannot equate this with the 
context of synthetic biology research and business, where the (financial) stakes are 
immensely higher. In any case, the participants indicated that the experiences in-
creased their sensitivity, reflexivity and sense of responsibility towards the societal 
ramifications of synthetic biology and their own role as aspiring synthetic biologists. 
Therefore, iGEM remains an important site to experiment with novel TA and RRI prac-
tices (Stemerding, 2015). Knowing that iGEM has large numbers of alumni that by now 
may be working in the field of synthetic biology, I propose to conduct quantitative and 
qualitative research among the iGEM alumni. This could enable learning about what 
they are currently doing, and to what extent the aforementioned reflexivity, sensitivity 
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and sense of responsibility are still felt and practiced in their professional careers. 
iGEM’s strong sense of community would certainly enable such research. 
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SAMENVATTING

Samenvatting

De wisselwerking tussen technologie en de maatschappij is complex. Volgens Wiebe Bijker, 
hoogleraar Science & Technology Studies (STS), “leven we in een technologische cultuur” 
en is het haast onmogelijk om Westerse cultuur te begrijpen zonder de rol van weten-
schap en technologie daarin te betrekken. Wetenschap en technologie zijn een bron van 
maatschappelijke vooruitgang, maar ook van problemen en conflicten. Daarnaast heeft 
onderzoek uit STS en techniekfilosofie laten zien dat technologieën en technologische 
producten waarde geladen – en daarmee politiek – zijn: ze zijn het resultaat van politieke 
en normatieve opvattingen, die soms onbewust zijn. De complexe wisselwerking tussen 
technologie en maatschappij leidt tot lastige vragen en uitdagingen: hoe kunnen we als 
maatschappij ervoor zorgen dat technologie doet wat de samenleving nodig heeft? Hoe 
voorkomen we problemen en conflicten? En als technologie ook politiek is, hoe kunnen 
we technologische ontwikkeling dan democratiseren?

De opkomst van synthetische biologie
Al langer dan een halve eeuw leiden ontwikkelingen in de biotechnologie tot dergelijke 
lastige vragen en uitdagingen – en zeker niet zonder controverse. In het begin van de 
21e eeuw kwam synthetische biologie op: een nieuwe belangrijke stap in de ontwikkeling 
van de biotechnologie. Synthetisch biologen streven ernaar om steeds meer controle 
te verkrijgen over de fundamentele bouwstenen van levende organismen. Dit stelt hen 
steeds meer in staat om (micro-)organismen te ‘(her)ontwerpen’ en ‘maken’ die allerlei 
nuttige functies kunnen vervullen, maar tegelijkertijd steeds verder af komen te staan van 
de organismen die we kennen uit de natuur. In andere woorden: synthetisch biologen 
ontwerpen organismen die vooralsnog onbekend zijn. Met de opkomst van synthetische 
biologie wordt het (her)ontwerpen van (micro-)organismen steeds preciezer, goedkoper 
en eenvoudiger. Deze organismen kunnen waardevol zijn in het licht van verschillende 
maatschappelijke uitdagingen, zoals rondom publieke gezondheid, klimaatverandering en 
verduurzaming. Denk aan de productie van vaccins, nieuwe antibiotica, bioplastics en bio-
brandstoffen door aangepaste organismen. Wanneer we het over synthetische biologie 
hebben, is de zgn. ‘international Genetic Machine’ (iGEM) competitie van belang (zeker 
in de context van dit proefschrift). iGEM is een synthetische biologie ontwerpcompetitie 
voor studenten. De competitie is in 2004 gestart bij MIT met vijf deelnemende teams en 
uitgegroeid tot een wereldwijd fenomeen. Inmiddels hebben meer dan 50.000 alumni 
meegedaan aan iGEM, via ca. 3.000 teams van over de hele wereld. Ondanks de beschei-
den middelen en budgetten slaan de teams erin om micro-organismen te ontwerpen die 
maatschappelijke waarde kunnen hebben.

Aan de ene kant wordt synthetische biologie door sommigen beschouwd als een belang-
rijk middel om maatschappelijke uitdagingen aan te pakken. Aan de andere kant zijn er 
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ook zorgen ontstaan. Deze hebben bijvoorbeeld te maken met sociale rechtvaardigheid 
(wie profiteert van innovaties en wiens levensonderhoud worden bedreigd?) en biodi-
versiteit. Potentiële risico’s zijn ook een bron van zorg. Synthetische biologie kan immers 
ook gebruikt worden om organismen te ontwerpen met gevaarlijke eigenschappen. In 
2017 slaagde een Canadese onderzoeksgroep erin om voor zo’n $100.000 – met behulp 
van DNA dat via de post was besteld – het uitgestorven paardenpokkenvirus te recre-
eren. Aangezien synthetische biologie het (her)ontwerp van (micro-)organismen steeds 
preciezer, goedkoper en eenvoudiger maakt, lijken zorgen over veiligheidsrisico’s dan 
ook gerechtvaardigd. Naast zorgen over veiligheid, roept de opkomst van de synthetische 
biologie ook bredere ethische vragen op, zoals over de relatie tussen de mens en natuur 
of over de morele status van de organismen die middels synthetische biologie zijn ontwik-
keld. 

Afstemming tussen technologie en maatschappij: de rol van technology 
assessment
Zoals hierboven vermeld, brengt de complexe wisselwerking tussen technologie en 
maatschappij lastige maatschappelijke vraagstukken met zich mee, zoals: hoe kan ervoor 
gezorgd worden dat technologie doet wat de maatschappij nodig heeft? Hoe gaan we om 
met risico’s en ethische kwesties? Hoe voorkomen we problemen, spanningen en conflict? 
En hoe kunnen we technologische ontwikkeling democratiseren? Oftewel, hoe kunnen we 
technologie en maatschappij zo goed mogelijk op elkaar afstemmen?

Al langer dan een halve eeuw is technology assessment (TA) een ‘governance instrument 
dat als doel heeft om bij te dragen aan afstemming tussen technologie en maatschappij. 
De praktijk, focus en methoden van TA hebben zich sindsdien op allerlei manieren ont-
wikkeld – mede om tegemoet te komen aan nieuwe uitdagingen en vraagstukken. Deze 
ontwikkeling ging tegelijkertijd gepaard met een sterke academische traditie omtrent TA. 
Verschillende onderzoekers in vakgebieden zoals STS, wetenschaps- en techniekfilosofie, 
bestuurskunde en ethiek hebben zich over TA gebogen. De vraag hoe technologie en 
maatschappij zo goed mogelijk op elkaar af zijn te stemmen, was – en is nog steeds – aan 
evolutie onderhevig. 

TA vindt haar oorsprong in het Amerikaans Congres en de debatten over wetenschap en 
technologie die daar plaatsvonden. Dit leidde uiteindelijk tot de oprichting van het ‘Office 
of Technology Assessment’, het eerste parlementaire TA instituut van de wereld. TA had 
als doel om de potentiële impact van technologie op de maatschappij en de leefomgeving 
beter te kunnen voorspellen. Daarnaast moest TA het Amerikaans Congres ook meer mid-
delen verschaffen om de uitvoerende macht beter te controleren rondom kwesties die 
met wetenschap en technologie samenhangen. TA was hiermee dus ook bedoel om de 
parlementaire – en daarmee democratische – controle van technologische ontwikkeling 
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te versterken. In Europa speelden vergelijkbare kwesties en behoeften en daarom werd TA 
gaandeweg ook in verschillende Europese landen omarmd. Zo ook in Nederland. 

Sindsdien is TA (of TA-geïnspireerde praktijk) op verschillende manieren geëvolueerd. Om 
technologie en maatschappij beter op elkaar af te stemmen, werden verschillende TA-
benaderingen en -strategieën geformuleerd, zoals: stakeholder- en burgerparticipatie om 
ethische kwesties in kaart te brengen, alsmede directe samenwerking met technologie-
ontwikkelaars. Begin 21e eeuw werd het concept van ‘uptream engagement’ belangrijk. 
Volgens dit idee moeten TA-interventies in een zo vroeg mogelijk stadium plaatsvinden. 
Een decennium later kwam het de benadering van ‘responsible research & innovation’ 
(MVI, in Nederlands: maatschappelijk verantwoord innoveren, MVI) op. MVI integreert 
verschillende benaderingen in TA en pleit daarnaast voor deliberatie over de doelen die 
überhaupt met innovatie nagestreefd moeten worden. Kortom, sinds haar oorsprong, 
heeft TA zich op allerlei manieren ontwikkeld en verbreed. De grote vraag is in hoeverre 
deze benaderingen daadwerkelijk bijdragen aan betere (optimale) afstemming tussen 
technologie en maatschappij.

Afstemming tussen synthetische biologie en maatschappij
Synthetische biologie geniet steeds meer academische belangstelling en langzamer hand 
beginnen bedrijven de mogelijkheden te vercommercialiseren. Maar zoals gesteld, biedt 
synthetische biologie maatschappelijke kansen, maar zijn er ook risico’s en verschillende 
ethische kwesties in het geding. Afstemming tussen synthetische biologie en maatschap-
pij is allesbehalve vanzelfsprekend – zeker in het licht van tientallen jaren verhitte maat-
schappelijke en politieke discussies over biotechnologie. 

Tegen deze achtergrond is het doel van dit proefschrift om kennis te produceren die ho-
pelijk een bijdrage kan leveren aan betere afstemming tussen synthetische biologie en de 
maatschappij. Ik verken hierbij vooral de mogelijke bijdrage van nieuwe TA-geïnspireerde 
benaderingen. De overkoepelende onderzoeksvraag van dit proefschrift luidt daarom ook 
als volgt:

Welke rol kan technology assessment spelen in de afstemming tussen syntheti-
sche biologie en de maatschappij?

Onderzoeksopzet
Om deze onderzoeksvraag te beantwoorden, is het proefschrift in twee delen opgebouwd, 
waarbij de rol van TA op drie niveaus is onderzocht, op: institutioneel niveau, organisa-
tieniveau en ten slotte, op projectniveau. Deel I bespreekt ten eerste, in hoofdstuk 2, de 
resultaten van een literatuurstudie om de historische en conceptuele ontwikkeling van 
TA – of TA-geïnspireerde benaderingen – die door beleidsmakers en academici naar voren 
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zijn gebracht als manieren om de afstemming tussen technologie en de maatschappij 
te bevorderen. Op basis de van institutionalisering van TA in Nederland, probeerde ik 
een breed overzicht te schetsen van verschillende TA-benaderingen. In Nederland is TA 
immers volle breedte omarmd. Op basis hiervan kon ik een eerste (algemeen) antwoord 
formuleren op mijn onderzoeksvraag, zij het vanuit een theoretisch perspectief. Om de 
mogelijke rol van TA te kunnen plaatsen in de context synthetische biologie is een goed 
begrip van dit veld en thans gesignaleerde ethische en maatschappelijke kwesties, van 
groot belang. Daarom bespreekt hoofdstuk 3 de opkomst van de synthetische biologie 
in China, India en Europa, alsmede hoe het debat hierover zich heeft ontwikkeld in deze 
drie regio’s. Het hoofdstuk biedt inzicht in de stand-van-zaken in de ontwikkeling van 
synthetische biologie, alsmede in terugkerende ethische en maatschappelijke kwesties 
die in rol spelen in de afstemming van synthetische biologie en maatschappij – of deze 
afstemming juist belemmeren. 

Deel II van het proefschrift presenteert de resultaten van een empirische studie naar hoe 
het Rathenau Instituut – de Nederlandse organisatie voor technology assessment en sci-
ence system assessment – heeft getracht om synthetische biologie en maatschappij beter 
op elkaar af te stemmen, middels een aantal TA-interventies. Het doel van deel II was om 
te laten zien hoe theoretische inzichten in de praktijk zijn gebracht op organisatie- en 
projectniveau en op basis hiervan lessen te trekken voor theorievorming. Nadat in hoofd-
stuk 4 een breed beeld is geschetst van de verschillende interventies die het Rathenau 
Instituut heeft verricht, gaan hoofdstuk 5 tot en met 7 in op drie specifieke interventies 
op projectniveau. De bespreking ervan is gebaseerd op mijn persoonlijke ervaringen als 
TA-onderzoeker bij het Rathenau Instituut en mijn reflectie hierop. 

De rol van technology assessment in de afstemming tussen synthetische 
biologie en maatschappij
Sinds de geboorte van TA in de Verenigde Staten is het antwoord op de vraag hoe tech-
nologie en maatschappij zo goed mogelijk op elkaar afgestemd kunnen worden over tijd 
aanzienlijk veranderd. Belangrijke heroriëntaties zijn bijvoorbeeld: wat voor partijen moe-
ten betrokken of geadresseerd worden in TA (wie)? Wat voor typen kwesties moeten een 
rol spelen (wat)? En wanneer vinden interventies idealiter plaats (wanneer)? Het is wel 
belangrijk om op te merken dat TA-benaderingen op elkaar voortbouwen en naast elkaar 
bestaan; het pallet van TA-interventies is verbreed, zonder dat eerdere benaderingen hun 
waarde zijn verloren. Op basis mijn conceptueel-historische analyse van de ontwikkeling 
van TA, heb ik de volgende zeven ideeën of elementen geïdentificeerd die TA-interventies 
kunnen inspireren om de afstemming tussen synthetische biologie en maatschappij te 
verbeteren:
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1. Hanteer een breed begrip van synthetische biologie
TA moet het opkomende veld van synthetische biologie in de volle breedte willen 
verkennen en in verschillende ontwikkelstadia. Dit betekent dat verschillende synthe-
tische biologie-benaderingen, fundamenteel onderzoek, maar ook concrete toepas-
singen en (markt)producten onderzocht moeten worden. 

2. Onderzoek de maatschappelijke betekenis van synthetische biologie
In termen van heuristiek, moet TA een breed perspectief hebben voor wat betreft 
haar potentiële maatschappelijke betekenis. Dit betekent onder meer aandacht heb-
ben voor: mogelijke bijdragen aan maatschappelijke uitdagingen, risico’s, maar ook 
ethische, juridische en maatschappelijke aspecten.

3. Intervenieer in verschillende maatschappelijke domeinen
Gezien de mogelijk brede maatschappelijke betekenis van synthetische biologie en 
aangezien diens producten – en (her)ontworpen organismen – inherent ethisch en 
politiek van aard zijn, is het van groot belang dat een breed pallet aan stakeholders 
betrokken wordt bij de ontwikkeling van het veld. Daarom is het cruciaal dat TA-
interventies in verschillende maatschappelijke domeinen worden geïnitieerd. Vanuit 
het perspectief van de maatschappij, zijn het politieke domein (parlement, overheid, 
beleidsmakers) en het samenlevingsdomein (burgers, maatschappelijk middenveld en 
NGO’s) belangrijke vertegenwoordigers. Maar TA-praktijk moet zich ook rechtstreeks 
richten tot het wetenschap en technologie domein (wetenschappers, technologie-
ontwikkelaars, bedrijven en andere R&D actoren), gezien diens rol in de initiële vorm-
geving van synthetische biologie. 

4. Benader synthetische biologie vanuit een interdisciplinair en transdisciplinair per-
spectief
Vanwege de complexe aard van het veld van de synthetische biologie en de potenti-
ele maatschappelijke betekenis ervan, is het belangrijk om TA-interventies inter- en 
transdisciplinair te benaderen. Dit betekent dat interventies gericht moeten zijn op 
problemen en uitdagingen in de echte wereld en stakeholders moeten betrekken die 
in deze contexten van belang zijn. Daarnaast is het cruciaal om synthetische biologie 
vanuit verschillende academische perspectieven en disciplines te willen begrijpen.

5. Benader synthetische biologie vanuit verschillende institutionele invalshoeken
Aangezien verschillende typen TA-interventies rondom synthetische biologie waar-
devol kunnen zijn, is het verstandig om synthetische biologie vanuit verschillende 
institutionele posities te benaderen. Aan de ene kant, kan TA dichtbij de synthetische 
biologie-praktijk worden georganiseerd (denk aan samenwerking met wetenschap-
pers en bedrijven) om de ontwerpprocessen – vanuit een intern perspectief – te 
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beïnvloeden. Aan de andere kant, kunnen TA-interventies juist op afstand worden 
georganiseerd – vanuit een extern perspectief – en andere actoren, zoals politici en 
NGO’s, faciliteren in hun opinie- en beleidsvorming rondom synthetische biologie. 

6. Maak strategisch gebruik van timing
TA-interventies moeten strategisch en bewust getimed worden. Synthetische bio-
logie staat voor een nieuwe ontwikkeling in de biotechnologie, maar bevindt zich 
tegelijkertijd ook nog in een experimentele fase. Terugkijkend naar de ontwikkeling 
van TA, wordt recentelijk bepleit om interventies in een zo vroeg mogelijk stadium te 
organiseren – mede omdat geconcludeerd werd dat interventies in het verleden te 
laat werden geïnitieerd. In dit licht is het verstandig om interventies te initiëren terwijl 
synthetische biologie nog in een experimentele fase zit, des te meer omdat eerdere 
ontwikkelingen in de biotechnologie tot felle maatschappelijke en politieke discussies 
hebben geleid – die tot op heden nog voelbaar zijn. Daarnaast, kunnen TA-interventies 
– geïnspireerd door de benadering van ‘maatschappelijke verantwoord innoveren 
(MVI)’ – dialoog faciliteren over de mogelijke doeleinden van synthetische biologie: 
wat zijn nastrevenswaardige maatschappelijke doelen voor synthetische biologie? En 
is synthetische biologie überhaupt wel het meest geschikte en wenselijke instrument 
om deze doelen te behalen?

7. Draag bij aan de democratisering van technologische cultuur
Ten slotte, zijn TA-interventies uiteindelijk gericht op de democratisering van syntheti-
sche biologie. Dit betekent dat interventies daadwerkelijke impact in de echte wereld 
dienen na te streven in de afstemming tussen synthetische biologie en de maatschap-
pij. Dit betekent in de praktijk dat TA-interventies – hopelijk – invloed hebben op het 
ontwikkeltraject van synthetische biologie en/of tijdige maatschappelijke en politieke 
opinievorming (en beleidsvorming) rondom synthetische biologie. 

Deze zeven elementen geven – samen met de analyse van de opkomende debatten over 
synthetische biologie in hoofdstuk 3 – belangrijke mogelijke richtingen en voor de inrich-
ting van TA-interventies om synthetische biologie en maatschappij op elkaar af te kunnen 
stemmen. Hierna bespreek ik hoe het Rathenau Instituut haar TA-interventies rondom 
synthetische biologie heeft georganiseerd.

TA-interventies van het Rathenau Instituut rondom synthetische biologie
In dit proefschrift zijn drie verschillende TA-interventies van het Rathenau Instituut 
rondom synthetische biologie besproken. Ik was persoonlijk betrokken bij het ontwerp en 
de uitvoering van deze interventies. Zoals in hoofdstuk 4 is besproken, heeft het Rathenau 
Instituut zich in een zeer vroeg stadium verdiept in synthetische biologie (vanaf 2006). 
Daarbij heeft het instituut zich ook laten inspireren door verschillende conceptuele en 
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academische ideeën over manieren om technologie en maatschappij op elkaar af te stem-
men. De ervaringen van het Rathenau Instituut bieden daarom een waardevolle gelegen-
heid om te leren over de implementatie van deze ideeën in de praktijk. 

• Afstemming tussen synthetische biologie en de maatschappij via vroegtijdige 
interventies in het politieke domein
Conform de traditie van parlementaire TA, is een groot deel van het werk van het Rathenau 
Instituut erop gericht om politieke meningsvorming rondom wetenschap, technologie en 
innovatie te bevorderen. Het parlement is hierbij uiteraard een cruciale doelgroep voor 
het instituut. Aandacht genereren voor een technologie die zich nog in een experimentele 
fase bevindt, is echter allesbehalve vanzelfsprekend, mede vanwege de enorme werklast 
van Kamerleden. Tegelijkertijd was het Rathenau Instituut ervan overtuigd dat tijdige aan-
dacht voor synthetische biologie belangrijk was – zeker in het licht van eerdere verhitte 
maatschappelijke en politieke discussies over biotechnologie en positieve ervaringen met 
vroegtijdige interventies rondom nanotechnologie. Daarom besloot het instituut zich 
te richten op politieke jongerenorganisaties (PJO’s) (zoals in hoofdstuk 5 is besproken). 
Hiertoe organiseerde het Rathenau Instituut een publiek debat tussen PJO’s en deelne-
mers van iGEM: een ‘Meeting of Young Minds’ (MOYM) tussen toekomstige politici en 
toekomstig synthetisch biologen. Om de PJO’s te ondersteunen, voorzag het Rathenau 
Instituut de PJO’s van relevante TA-rapporten en werd een expert meeting georganiseerd, 
vergelijkbaar met de manier waarop Kamerleden ondersteund worden. 

Mijn conclusie is dat de MOYM een productieve vroegtijdige interventie was om afstem-
ming tussen synthetische biologie en maatschappij te bevorderen. Ten eerste, liet de 
MOYM stemmen horen die nochtans niet gehoord waren in het debat over synthetische 
biologie. Daarnaast genereerde de MOYM waardevolle inzichten over welke kwesties 
en mogelijke (politieke) conflicten een rol kunnen spelen in de toekomst, naarmate syn-
thetische biologie zich verder ontwikkelt. Ten slotte, droeg de MOYM bij aan wederzijds 
vertrouwen tussen vertegenwoordigers uit het politieke domein en het wetenschap en 
technologie domein. 

Meer algemeen leerde de MOYM ons dat TA via interventies gericht op politieke partijen 
kunnen bijdragen aan betere afstemming tussen technologie een maatschappij. Hierdoor 
wordt namelijk tijdige politieke opinievorming bevordert, bijv. nog voordat het parlement 
met een onverwachtse technologische doorbraak wordt geconfronteerd (denk aan 
Dolly!). Verschillende onderdelen van politieke partijen kunnen waardevol zijn door de 
mogelijke maatschappelijke betekenis van technologie vanuit een ideologisch perspectief 
te doordenken. Denk naast PJO’s bijvoorbeeld aan wetenschappelijke bureaus of advies-
commissies van politieke partijen. Hierbij is het belangrijk om op te merken dat dit zeker 
niet alleen voor Nederland geldt; in de meeste landen waarin TA wordt bedreven, kennen 
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politieke partijen PJO’s en wetenschappelijke bureaus. Dergelijke organisaties worden 
mijns inziens momenteel nog onvoldoende benut. Een benadering die hierop is geba-
seerd kan geconceptualiseerd worden als ‘upstream political engagement’, aangezien zij 
‘upstream engagement’ operationaliseert in een politieke context en daarbij breder is 
georiënteerd dan de klassieke parlementaire TA (die zich beperkt tot het parlement).

• Afstemming tussen synthetische biologie en de maatschappij via vroegtijdige 
interventies in het wetenschap en technologiedomein
In de context van het EU-project SYNENERGENE, poogde het Rathenau Instituut samen 
met het Athena Instituut van de Vrije Universiteit Amsterdam (vanaf nu: SYNENERGENE 
team) ‘maatschappelijk verantwoord innoveren’ (MVI, in het Engels: RRI) rondom syn-
thetische biologie in de praktijk te brengen. Dit gebeurde via samenwerking met iGEM. 
iGEM deelnemers moeten expliciet aandacht besteden aan de ethische en maatschap-
pelijke dimensies van synthetische biologie en nog belangrijker: van hun eigen ontwerp. 
Dit valt onder het zgn. ‘Human Practices’ onderdeel van iGEM. Daarom beschouwden 
we iGEM als een waardevol laboratorium om te inspireren met het (relatief nieuwe) 
concept van MVI. Het SYNENERGENE team ontwikkelde een twee-staps-benadering om 
plausibele en wenselijke toekomsten voor synthetische biologie te genereren. De eerste 
stap wordt hier besproken. Tussen 2014 en 2016 werden een aantal iGEM teams uitge-
daagd om toekomstscenario’s te ontwikkelen waarin ze de plausibiliteit en wenselijkheid 
van hun synthetische biologieontwerp verkenden. We beschouwden deze stap als een 
technologische-opties-georiënteerde benadering van MVI. In mijn proefschrift richtte ik 
mij op de activiteiten in 2014, toen we uitdagingen rondom antimicrobiële resistentie en 
hernieuwbare energie als centrale thema’s hadden geformuleerd.

Zoals besproken in hoofdstuk 6, streefde SYNENERGENE ernaar om vroegtijdig, op een 
inclusieve manier, toekomsten te verkennen waarin synthetische biologie wordt toege-
past. Om dit mogelijk te maken faciliteerden we de iGEM teams in he onderzoeken van de 
plausibiliteit en wenselijkheid van hun ‘virtuele prototype’. Hiertoe stimuleerden we ze 
om actief in gesprek te gaan met relevante stakeholders uit de echte wereld. We schreven 
een tweetal handleidingen voor ze: een om toepassingsscenario’s te schetsen en een om 
techno-morele vignetten te schetsen. Toepassingsscenario’s zijn empirisch onderbouwde 
speculaties, die gebaseerd zijn op een hedendaags begrip van onze wereld en beschrijven 
hoe synthetische biologie in context toegepast zou kunnen worden. Techno-morele vig-
netten zijn bewust meer fictief van aard en hebben als doel om gedachtenvorming over de 
wenselijkheid van beoogde toepassingen te bevorderen. Zij richten zich bijvoorbeeld op 
brede en onbedoelde maatschappelijke impacts of waardenconflicten rondom de toepas-
sing van synthetische biologie. In beide gevallen werd van de iGEM teams verwacht dat 
ze hieromtrent in gesprek gingen met een breed scala aan stakeholders. Naast de hand-
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leidingen, kregen de iGEM teams een kleine ondersteuningsbeurs en werden ze begeleid 
door SYNENERGENENE-onderzoekers, waaronder ikzelf. 

Om te onderzoeken in hoeverre deze activiteiten bijdroegen aan MVI, onderzochten we 
hun ontwerp(keuzes) en toekomstscenario’s en namen we interviews af. Daarbij onder-
zochten we in hoeverre onze interventie bijdroeg aan vier belangrijke pijlers van MVI: 
anticipatie, inclusie, reflexiviteit en responsiviteit. Onze conclusie was dat onze interventie 
positief bijdroeg aan alle vier pijlers. Ten eerste, zagen we dat de ontwikkeling van toe-
komstscenario’s nieuwe ontwerpkeuzes faciliteerde. Dit beeld werd in volgende rondes 
van samenwerking bevestigd. Daarnaast werden de iGEM deelnemers, door het schetsen 
van de toekomstscenario’s en de samenwerking met SYNENERGENE-onderzoekers, meer 
sensitief en reflexief ten opzichte van de ethiek en maatschappelijke betekenis van hun 
ontwerp. 

Wanneer ik kritisch kijk naar de afstemming tussen synthetische biologie en maatschap-
pij, kan ik niet stellen dat onze interventies in het wetenschap en technologiedomein 
het ontwikkeltraject van synthetische biologie hebben beïnvloed. Tegelijkertijd was de 
interventie mijns inziens wel waardevol. Zoals aangegeven, hebben inmiddels wereldwijd 
meer dan 50.000 alumni aan iGEM deelgenomen. Uiteraard heeft SYNENERGENE alleen 
met een fractie daarvan samengewerkt, maar de resultaten en positieve ervaringen laten 
zien hoe dergelijke interventies uiteindelijk wel kunnen bijdragen aan een betere afstem-
ming tussen synthetische biologie en maatschappij. Op basis van de ervaringen zijn de 
initiële handleiding aangepast tot een online format: de ‘iGEMmer’s guide to the future’. 
Deze ‘guide’ wordt nog altijd door de iGEM organisatie aangeraden als een potentieel 
waardevolle bron voor iGEM teams die met ‘Human Practices’ en MVI aan de slag willen 
gaan. Wellicht dragen de inspanningen van SYNENERGENE dus ook in de toekomst nog bij 
aan de zoektocht naar afstemming tussen synthetische biologie en de maatschappij. Meer 
in het algemeen, stel ik interventies rondom het ontwerp van toekomstscenario’s inspire-
rend kunnen zijn voor MVI- en RRI-geïnspireerde onderzoeksprogramma’s, alsmede voor 
samenwerking van TA-onderzoekers met het wetenschap en technologiedomein.

•  Afstemming tussen synthetische biologie en de maatschappij via vroegtijdige 
interventies in het samenlevingsdomein
Zoals hierboven vermeld, was de samenwerking met iGEM in de ontwikkeling van toe-
komstscenario’s onderdeel van een twee-staps-benadering. Hieronder bespreek ik de 
tweede stap waarin het SYNENERGENE team een interactieve multi-stakeholderdialoog 
organiseerde met een breed scala aan stakeholders op het gebied van antimicrobiële 
resistentie en hernieuwbare energie (besproken in hoofdstuk 7). In de tweede stap werd 
beoogd om inclusieve en reflexieve manieren te vinden om mogelijke toekomsten voor 
synthetische biologie te verkennen en wederom bood MVI hierbij inspiratie. In de eerste 
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stap werden technologische opties centraal gesteld, maar werden antimicrobiële resis-
tentie (AMR) en hernieuwbare energie weliswaar als overkoepelende maatschappelijke 
uitdagingen geformuleerd. Hierdoor was er van meet af aan coherentie met de tweede 
stap. Zelf was ik bij het thema AMR betrokken. In de tweede stap werden maatschap-
pelijke uitdagingen aldus centraal gesteld en het startpunt van de stakeholderdialoog. 
Daarom werd deze interventie geconceptualiseerd als een maatschappelijke-uitdaging-
georiënteerde benadering van MVI (of RRI).

Mijn conclusie is dat de georganiseerde stakeholderdialoog en de operationalisering 
van de maatschappelijke-uitdaging-georienteerde benadering van MVI een bescheiden 
bijdrage leverde aan afstemming tussen synthetische biologie en de maatschappij. De 
dialoog bewoon stapsgewijs van probleemdefinities en gesignaleerde uitdagingen naar 
mogelijke aangrijpingspunten voor beleid om gewenste synthetische biologie innovaties 
te bevorderen. Om de discussies te structureren werd van de deelnemers gevraagd om 
te beschrijven wat de oorzaken van AMR zijn, wat mogelijke en wenselijke oplossingsrich-
tingen zijn en ten slotte welke maatschappelijke veranderingen, kennis en technologie 
nodig zijn om deze oplossingsrichtingen dichterbij te brengen. Pas nadat deze stappen 
waren doorlopen, werd een introductie in synthetische biologie gegeven en de mogelijke 
bijdrage ervan verkend. Sommige oplossingsrichtingen behoefden helemaal geen techno-
logie (zoals zgn. gepast gebruik van antibiotica), maar andere oplossingsrichtingen wel. 
Synthetische biologie kan bijvoorbeeld een rol spelen in de productie van nieuwe antibi-
otica of voorzien in alternatieve behandelmethoden (waar ook in Nederland onderzoek 
naar wordt verricht). Daarnaast was er behoefte aan middelen voor snelle diagnostiek 
en monitoring, waarin synthetische biologie een rol kan spelen, maar amper onderzoek 
naar werd verricht. Uiteindelijk formuleerden de deelnemers een viertal scenario’s waarin 
de AMR-problematiek in 2030, in Nederland en de EU, zou zijn aangepakt, met daarin 
verschillende rollen weggelegd voor synthetische biologie.

Ik concludeerde dat de stakeholderdialoog een productieve TA-interventie was in het 
samenlevingsdomein. Het is gemakkelijk te herhalen en wanneer dergelijke dialogen 
op grotere schaal plaatsvinden, kan dit een manier zijn om betere afstemming tussen 
synthetische biologie (of andere technologie) en maatschappij te bevorderen. Vanuit het 
perspectief van transdisciplinariteit, was deze stakeholderdialoog een productieve manier 
om wederzijds leren tussen stakeholders uit verschillende domeinen te bevorderen. De 
(her)verdeling van expertise is hierbij een interessant gegeven. Bij participatieve interven-
ties staan technologie-ontwikkelaars of wetenschappers vaak in eerste instantie centraal. 
Dit geeft hen de mogelijkheid om de technologie te ‘framen’ en positioneert hen van 
meet af aan als de experts. De technologie – en diens potentieel – wordt hierbij vaak als 
een vanzelfsprekendheid beschouwd. In onze interventie waren het juist te maatschap-
pelijke actoren die centraal stonden en het initiatief hadden in het formuleren van de 
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probleemdefinitie en onderliggende oorzaken: zij waren de experts. Pas na deze stap werd 
de mogelijke rol van synthetische biologie besproken en konden de synthetisch biologen 
hun expertise delen. Hierdoor leek er een goede balans tussen de verschillende vormen 
van expertises te ontstaan. Uiteindelijk culmineerde de dialoog in de formulering van 
plausibele en wenselijke innovatiepaden voor synthetische biologie. Daarmee kan een 
dergelijke benadering wellicht bijdragen aan innovatiebeleid; vergelijkbare dialogen zijn 
een praktische manier voor beleidsmakers, financieringsorganisaties, wetenschappers 
en technologie-ontwikkelaars om te leren over welke innovaties wellicht gestimuleerd 
moeten worden en hoe.

Naar een integrale benadering van TA-interventies
Alles overziend, concludeerde ik dat de interventies van het Rathenau Instituut bijdroegen 
aan betere afstemming tussen synthetische biologie en de maatschappij, zij het beschei-
den. Ik claim niet dat de interventies van het instituut de ontwikkeling van synthetische 
biologie significant hebben beïnvloed, noch het maatschappelijke en politieke debat 
erover aanzienlijk hebben veranderd. Tegelijkertijd, ben ik van mening dat de interventies 
wel degelijk positief hebben bijgedragen. Ze zijn mijns inziens vooral te beschouwen als 
relatief succesvolle pogingen om nieuwe ideeën om technologie en samenleving beter op 
elkaar af te stemmen, in de praktijk te brengen (zoals ‘upstream engagement en MVI/RRI). 
Bovendien zijn de interventies te vrij eenvoudig uit te voeren in andere contexten. Verder 
is het belangrijk om op te merken dat synthetische biologie nog steeds vrij experimenteel 
van aard is. Daarom is het überhaupt moeilijk om de (langtermijn)impact van de interven-
ties van het Rathenau Instituut te beoordelen. 

Op basis van het brede pallet aan elementen die TA-interventies succesvol kunnen 
maken, is er niet één type interventie dat eruit springt: ieder maatschappelijk domein 
is waardevol vanuit het perspectief van TA en kent specifieke eigenschappen die zowel 
de mogelijkheden voor succesvolle interventie beperken als versterken. Kijkend naar 
de interventies van het Rathenau Instituut, lijkt het vooral belangrijk om in interventies 
connecties te zoeken tussen verschillende domeinen. Iedere interventie had weliswaar 
een specifiek maatschappelijk domein als doelgroep. Tegelijkertijd was er te allen tijde 
interactie met andere domeinen: de PJO’s (uit het politiek domein) gingen met elkaar in 
debat én met deelnemers van iGEM (uit het wetenschap en technologiedomein): de iGEM 
deelnemers werden gestimuleerd om met een breed scala aan stakeholders te spreken 
(uit het politieke en samenlevingsdomein); en de dialogen over de mogelijke rol van 
synthetische biologie rondom AMR en hernieuwbare energie, konden niet plaatsvinden 
zonder de expertise van de aanwezige synthetisch biologen. 

Op basis hiervan – en bredere lessen over de ontwikkeling van TA – concludeer ik daarom 
dat optimale afstemming tussen synthetische biologie om een integrale benadering, over 
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lange termijn, vraagt. Stel dat synthetische biologie en maatschappij inderdaad optimaal 
op elkaar af zouden zijn gestemd. Wat zou daarvoor nodig zijn geweest? Ten eerste, dat 
wij als maatschappij hebben geïdentificeerd welke doelen we met synthetische biologie 
wilden bereiken en wat daarvoor nodig was; acceptabele risico’s zijn geformuleerd en 
deze worden gemanaged; ethische, juridische en maatschappelijke problemen zijn zoveel 
mogelijk gemitigeerd en ten slotte, zijn we er erin geslaagd om op al deze thema’s inclu-
sieve deliberatie te organiseren. Kortom, als we met synthetische biologie de juiste dingen 
op de juiste manier willen doen, is er een collectieve aanpak nodig. TA-onderzoekers maar 
vooral ook overheden kunnen hierin een cruciale rol vervullen. 

Aanbevelingen
Op basis van mijn onderzoek heb ik een aantal aanbevelingen geformuleerd. Deze zijn 
primair gericht op de Nederlandse context, maar mogelijkerwijs ook waardevol in andere 
contexten en ook met betrekking tot andere technologieën dan synthetische biologie. 

Aanbeveling voor beleidsmakers: stel je op als spelverdeler in de afstemming van 
technologie en maatschappij 
Om synthetische biologie en maatschappij op elkaar af te stemmen is mijns inziens aldus 
een integrale, lange termijn benadering nodig waarin verscheidene TA en MVI-benaderin-
gen worden betracht. Er is een ecosysteem nodig met instituties die de capaciteit hebben 
om dergelijke verschillende benaderingen uit te voeren, om zo bij te dragen aan effectieve 
‘governance’ van synthetische biologie. Om dit mogelijk te maken is lange termijn com-
mitment en financiering nodig. Wanneer we kijken naar het Nederlandse ecosysteem zien 
we dat de nodige instituties op deze manier ondersteund worden, zoals het Rathenau 
Instituut. Veel andere waardevolle TA-initiatieven zijn echter meer op een ad hoc en expe-
rimentele basis georganiseerd. Tegen deze achtergrond, wil ik op dit punt vooral pleiten 
voor institutionele capaciteit binnen de rijksoverheid om de beschikbare capaciteit bin-
nen het huidige ecosysteem te monitoren en te beoordelen in hoeverre het ecosysteem 
tegemoet komt aan behoeften. De rijksoverheid is immers bij uitstek geëquipeerd om dit 
ecosysteem te veranderen, middels financieringsprogramma’s, adviesaanvragen en zelfs 
door de oprichting van nieuwe instituties. Op basis van deze rol – en macht – zou de 
rijksoverheid zich op dit punt als probleemeigenaar op moeten stellen. 

Aanbevelingen voor TA en MVI-praktijk: bewaak reflexieve en adaptieve capaciteit en 
vergroot ondersteuning voor het politieke domein
Voor de TA en MVI-praktijk is mijn eerste aanbeveling om reflexieve en adaptieve capaci-
teit te bewaken en te versterken, om optimaal in te kunnen spelen op nieuwe behoeften, 
problemen en ideeën. Dit is niet zozeer een aanbeveling, aangezien ik in hoofdstuk 2 
uitgebreid heb laten zien hoe flexibel en responsief de TA-praktijk is geweest sinds haar 
oorsprong. De vraag hoe technologie en samenleving op elkaar afgestemd kunnen worden 
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is over tijd verschillend beantwoordt. En waarschijnlijk is in de toekomst wederom een 
herijking van het antwoord nodig. Reflexieve en adaptieve capaciteit is geen vanzelfspre-
kendheid en daarom belangrijk om te benoemen en te bewaken. Sinds het ontstaan van 
het relatief nieuwe concept van MVI (of RRI) is de wereld aanzienlijk veranderd: denk aan 
de opkomst van populisme, mis- en disinformatie en de impact van de coronacrisis. Dat 
betekent dat de TA- en MVI-praktijk ook moet veranderen. De vier pijlers die vaak rondom 
MVI en RRI worden aangehaald: anticipatie, inclusie, reflexiviteit en responsiviteit moeten 
net zozeer de TA- en MVI-onderzoekers inspireren, als technologie-ontwikkelaars.

Ten tweede, beveel ik aan dat TA- en MVI-onderzoekers zich actiever tot het politieke 
domein verhouden. TA vindt haar oorsprong in relatie tot het politieke domein en vooral 
het parlement. Sindsdien is TA-praktijk steeds meer vertakt naar het wetenschap en 
technologiedomein en naar het samenlevingsdomein (hetgeen ik van harte toejuich). 
Tegelijkertijd neem ik een groot gebrek aan politieke en ideologische doordenking van 
opkomende technologieën – zoals synthetische biologie – waar. Uiteraard zijn politici en 
politieke partijen hier zelf ook in aan zet. Maar TA-onderzoekers kunnen hierin een waar-
devolle ondersteunende rol vervullen. Daarom stel ik voor dat de kennis die in TA- en MVI-
onderzoek worden gegenereerd ook actief en op passende wijze worden gedeeld met het 
politieke domein. Dergelijke kennis kan waardevol zijn voor ministeries, Kamerleden maar 
ook voor politieke partijen. Uiteraard zijn dergelijke actoren belangrijke adressanten van 
formele instituties, zoals het Rathenau Instituut of de Gezondheidsraad (politieke partijen 
uitgezonderd), maar er is geen enkele reden waarom TA- en MVI-onderzoekers uit andere 
gremia (zoals academici) hier niet ook aan bij kunnen dragen. 
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Summary

The relationship between technology and society is complex. According to STS-scholar 
Wiebe Bijker we “live in a technological culture” and understanding Western culture with-
out considering the role of science and technology is hardly possible. On the one hand, 
science and technology have been a source of progress, on the other hand, a source of 
problems and conflicts. In addition, research in science and technology studies (STS) and 
philosophy of science has demonstrated that technologies and technological artefacts 
are in fact, value-laden and have political properties. The complex dynamics in the rela-
tionship of technology and society raise various difficult challenges for society: how can 
we ensure that technology does what society needs? How do we prevent problems and 
conflict? And, if technology indeed has politics, how can we democratize technological 
development?

The emergence of synthetic biology
For over half a century, such challenges emerged around developments in biotechnol-
ogy and genetic modification and certainly not without controversy. At the start of the 
21st century, synthetic biology emerged as an important new step in the development of 
genetic engineering. Synthetic biologists strive to gain more and more control over the 
fundamental building blocks of life. This control enables them to ‘design’ and ‘create’ 
(micro)organisms that may perform a wide variety of useful functions but at the same 
time become increasingly isolated from organisms we know in nature. In other words, 
synthetic biologists may develop organisms that at the moment are still unknown. Given 
their functionality such (re)designed organisms could play a potentially valuable role 
in finding solutions for important societal challenges such as in the domains of health, 
climate and sustainability, for instance through production of vaccines, novel antibiot-
ics, bioplastics and biofuels. When discussing the emergence of synthetic biology, the 
international Genetically Engineered Machine (iGEM) is of importance – particularly in 
the context of this thesis. iGEM’s biggest program is the iGEM competition, a synthetic 
biology design competition for students. It started in 2004 as a summer competition at 
MIT with 5 teams, but has grown into an international competition. Over 50.000 alumni 
have participated in iGEM via ca. 3.000 teams from all over the globe since its inception. In 
spite of modest resources and budgets, the teams are able to redesign (micro-)organisms 
that can fulfil useful societal functions.

On the one hand, synthetic biology is expected by some to play an important role in ad-
dressing important societal challenges, ranging from health to sustainability. On the other 
hand, concerns emerged as well, such as concerning societal justice (who is benefitting 
from this innovation and whose livelihoods are threatened?) and biodiversity. Other 
important topics are potential risks. Synthetic biology could, for example, be harnessed to 
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engineer dangerous organisms, which could be proliferated. In 2017, a Canadian research 
group succeeded in recreating the extinct horsepox virus for $100.000 using mail-order 
DNA. Given that developments in synthetic biology are enabling that genetic engineering 
is becoming ever more easy, cheap and precise, attention for such issues is justified. Next 
to concerns about risks, synthetic biology also gives rise to broader ethical issues relating 
to the nature of synthetic biology for instance, regarding the relationship between hu-
mans and other living organisms and the moral status of the products of synthetic biology. 

Aligning technology and society: the role of technology assessment
As mentioned above, the complex dynamics in the relationship of technology and society 
raise various difficult challenges for society, such as: how can we ensure that technol-
ogy does what society needs? How do we deal with risks and ethical issues? How do we 
prevent problems, tensions and conflict? And, if technology indeed has politics, how can 
we democratize technological development? In short, how can technology and society be 
aligned? 

For over a half century, technology assessment (TA) has been a governance instrument 
aiming to facilitate such better alignment between technology and society. During this 
period, the practice, focus and methods of TA have widely diversified in the face of new 
technological developments and challenges. Simultaneously, this development was ac-
companied and fueled by a strong scholarly tradition, stemming for instance from the 
disciplines of political sciences, STS, philosophy of science, philosophy of technology and 
(applied) ethics. In sum, the answer TA provided to the question how technology and 
society can be better aligned, developed over time – and still continues to develop. 

Ideas on TA were developed in the 1960s, as a result of debates on science and technol-
ogy in the United States Congress. This ultimately culminated into the establishment of 
the Office of Technology Assessment (OTA), the first ever parliamentary TA institute. TA 
was thought of as a tool for predicting the potential impacts of technological change on 
society and the environment. Moreover, TA fulfilled a demand for Congress to exercise 
more control vis-a-vis the executive branch with regard to handling issues relating to sci-
ence and technology. From this perspective, TA should also be seen as an instrument that 
aims to increase parliamentary, and thereby democratic control of technological develop-
ment. Given that many European countries experienced challenges regarding science and 
technology, TA was also embraced by a number of European countries.

From then onwards, TA (or TA inspired practice) underwent significant evolution, in which 
practitioners attempt to better align technology and society through engagement with 
a broad range of actors and approaches: through supporting (political) decision making, 
involving stakeholders and laypeople through participation, as well as directly collaborat-
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ing with technology developers. Around the turn of the century the concept of upstream 
engagement became important, calling for TA intervention at early stages of technology 
development. Lastly, a decade later, the approach of responsible research and innovation 
(RRI) started to play a major role in shaping contemporary interventions to align technol-
ogy and society. Besides drawing from and integrating insights from different TA inspired 
approaches, RRI calls for opening up conversations about the purposes of technological 
development. In sum, ever since its emergence, TA practice has branched out into a vast 
array of different approaches. The question is: to what extend do such (novel) approaches 
succeed in bettering this alignment?

Fostering the alignment of synthetic biology and society
Synthetic biology is increasingly gaining interest from academic researchers and industry 
commercializing has started to commercialize synthetic biology as well. As mentioned, on 
the one hand, synthetic biology can potentially play a valuable role in addressing societal 
challenges. On the other, synthetic biology is not without risks and raises complex societal 
and ethical issues. So, how can we move forward as a society? Indeed, alignment between 
synthetic biology and society is anything but given. Therefore, the aim of this thesis is 
to generate actionable knowledge that may ultimately contribute to better alignment 
between synthetic biology and society. As discussed in the previous section. TA may play 
a valuable role in this regard. Against this backdrop, I intend to explore the role of con-
temporary TA inspired approaches in fostering such alignment. The overarching research 
question of this PhD thesis is accordingly: 

What role can technology assessment play in fostering the alignment between 
synthetic biology and society?

Research design
In order to answer this research question, this dissertation was built up in two parts, in 
which the role of TA is considered on three different levels: institutional, organizational 
and on the level of specific projects. 

Part I presented a literature study that examined the historical and conceptual develop-
ment of technology assessment – or TA-inspired interventions and engagement – which 
have been put forward by policy-makers and scholars to foster the alignment between 
science, technology and innovation (STI) on the one end, and society on the other. Draw-
ing from the institutionalization of TA in the Netherlands as an example, I attempted to 
formulate a comprehensive view of contemporary approaches in TA. This provided a first 
answer to the overarching research question from a theoretical perspective, as well as 
from an institutional perspective (by mapping the broad variety of institutionalized prac-
tices that are considered valuable in aligning technology and society). In order to answer 
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the research question, understanding the technology and associated societal issues is also 
of crucial importance. Therefore, in the chapter 3, I answered the question of how the 
international debate that followed the emergence of synthetic biology had developed, 
particularly in Europe, China and India. This chapter untangled the state-of-the art syn-
thetic biology discussed in this dissertation and provided insight into the variety of societal 
issues that play a role in (or obstruct) the alignment of synthetic biology and society. 

Then, part II presented the results of the empirical study of how the Rathenau Instituut, 
the Dutch office for technology assessment and science system assessment, sought to 
foster the alignment of synthetic biology and society through a number of TA-inspired 
early engagement activities. The goal of part II was to discuss how theoretical insights on 
how alignment of synthetic biology and society can be fostered, were put to practice on 
an organizational level, as well as on a specific project level – which conversely provides 
insights for theory. After having provided a general overview of the engagement activities 
of the institute from an organizational point of view in chapter 4, in chapter 5 until 7, 
three different project level interventions undertaken in different social spheres, were 
examined in depth as case studies. These interventions were examined from the perspec-
tive of transdisciplinary research, action research, and reflective practice, based on my 
personal experiences as a technology assessment practitioner at the Rathenau Instituut. 

Identifying the role of technology assessment in aligning synthetic biology 
and society
Ever since birth of TA in the United States. the answer to the question how technology and 
society can be better aligned, has been evolving. Important reorientations of TA practice 
for instance include: which actors should be included or addressed, what types of issues 
should be considered and when should interventions take place? At the same time, it is 
important to note that such reorientations expanded the plethora of TA-inspired interven-
tions in a nested way, building on each other, rather than competing with or replacing 
existing modes. After a critical analysis of this development in chapter 2, I concluded that 
contemporary TA can be characterized by the following elements. This may inform TA 
interventions regarding synthetic biology in the following ways:

1. Have a broad understanding of synthetic biology
TA ought to explore the field of synthetic biology in all its variety and engage with 
the field in different stages of its development. This means that TA should take into 
different approaches that are pursued, consider fundamental research efforts, as well 
as concrete applications and products that are introduced in the market.
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2. Examine the societal meaning of synthetic biology
In terms of heuristics, TA should have a wide view of synthetic biology’s potential 
societal ramifications, like: potential beneficial contributions to societal challenges, 
risks, as well as ethical, legal and societal aspects.

3. Engage with different social spheres in order to broaden the public debate on syn-
thetic biology
Given the potential societal ramifications of synthetic biology, and since derived 
products – and novel organisms – embody values and political choices, a wide vari-
ety of stakeholders ought to play a role in shaping the development of the field and 
its applications. TA should therefore engage with various social spheres in order to 
facilitate co-shaping of synthetic biology. On the one hand, the political sphere (par-
liament, government and policy-makers) and the societal sphere (civil society, NGOs 
and citizens) are important spheres that represent society in the broadest sense. On 
the other hand, TA practice should directly engages with the science and technology 
sphere (scientists, technology developers, businesses and other R&D actors), because 
of the major role this sphere evidently plays in developing synthetic biology.

4. Engage with synthetic biology from an interdisciplinary and transdisciplinary per-
spective
In recognition of the complex nature of synthetic biology and wide variety of potential 
societal ramifications, engagement activities need to be interdisciplinary and transdis-
ciplinary oriented, meaning that they should be connected to real-world problems and 
relevant stakeholders, and should be assessed from a variety of (academic) perspec-
tives. 

5. Approach synthetic biology from different institutional settings
Given the plethora of engagement activities that may be valuable, TA engagement with 
synthetic biology is ideally institutionalized in various forms. On one end, TA can be 
deliberately positioned in close proximity of those actors that are advancing the field 
of synthetic biology, in order to influence these processes from an insider perspective. 
On the other, TA activities can be organized at distance in order to retain an outsider 
perspective, and enable other actors (such as politicians and NGOs) in opinion and 
decision making regarding the field. 

6. Make deliberate use of timing 
TA makes strategic use of the timing of its interventions. Synthetic biology represents 
a new forefront of biotechnology research, but is also still in an experimental stage. 
Looking at the conceptual and historical development of TA, a move towards upstream 
engagement can be observed due to the insight that interventions concerning tech-
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nologies were initiated too late in the past. In this light, it is advisable to engage with 
synthetic biology when it is still in an experimental phase of development. Given the 
widespread controversies that emerged in response to earlier biotechnology develop-
ments, culminating into distrust among stakeholders that is still palpable to this day, 
moving upstream in the context of synthetic biology seems even more advisable. In 
addition, inspired by the RRI-discourse, TA-inspired interventions could also facilitate 
opening up conversations about the purposes of synthetic biology innovation: what 
are the goals that are strived for and does synthetic biology offer the optimal and most 
desirable means to achieve these goals?

7. Aim to actively contribute to the democratization of technological culture
Lastly, looking at the envisaged contribution of TA concerning synthetic biology, in-
terventions should ultimately seek to contribute to the democratization of synthetic 
biology. Interventions should therefore strive for real-world contributions regarding 
the alignment of synthetic biology and society. In practice, this – hopefully – entails 
that interventions facilitate co-shaping the design trajectory of synthetic biology, and 
contribute to (timely) societal and political opinion-making and decision-making on 
synthetic biology. 

These seven elements constitute important directions for TA’s role to foster the alignment 
of synthetic biology and society, inspired by the historical and conceptual development 
of TA-inspired practice, as well as the state-of-the-art of the field and the public debate 
thereon. In the next section I discuss how the Rathenau Instituut engaged with synthetic 
biology.

Seeking to foster the alignment of synthetic biology and society: TA 
interventions by the Rathenau Instituut
Three distinct TA interventions concerning synthetic biology initiated the Rathenau Insti-
tuut, in which I was personally involved, are discussed in this dissertation. These interven-
tions were oriented towards respectively the political sphere, science and technology 
sphere, and societal sphere. As outlined in chapter 4, the Rathenau Instituut initiated its TA 
interventions regarding synthetic biology in an early stage of its development (from 2006 
onwards), and in doing so, also drew inspiration from various conceptual and scholarly 
developments. Accordingly, the experiences of the Rathenau Instituut provide a valuable 
opportunity to learn about the practical implementation of the ideas and concepts that 
inspire contemporary TA on an organizational and project level about the role that TA can 
play in fostering the alignment between STI and society. 
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• Aligning synthetic biology and society through early engagement in the political sphere
In tradition of parliamentary TA (PTA), a major part of the Rathenau Instituut’s work is to 
stimulate political opinion-making on science, technology and innovation and evidently, 
parliament is one of its important clients. However, mobilizing political attention for a 
technology that is still in an experimental phase is anything but self-evident, given the 
workload of members of parliament in conjunction with a perceived lack of urgency to 
engage with an emerging technology that is still largely in an experimental phase. Yet, it 
was clear for the Rathenau Instituut that the developments of synthetic biology warranted 
timely political opinion-making, particularly in the light of preventing harsh paralyzing 
discussions that characterize earlier debates on GMOs and positive experiences in early 
engagement with nanotechnology. Therefore, as discussed in chapter 5, next to engaging 
with parliament, the Rathenau Instituut decided to actively engage with political youth 
organizations (PYOs) by organizing a political debate between representatives from such 
organizations and participants of iGEM, the synthetic biology design competition for 
students. This culminated in a ‘Meeting of Young Minds’ (MOYM) between ‘future politi-
cians and future synthetic biologists’. In order to support the PYOs, the Rathenau Instituut 
facilitated them by providing relevant reports and organized an expert meeting, similar to 
how members of parliament could be facilitated by the institute. 

I conclude that the MOYM can be viewed as an innovative constructive early engagement 
activity to foster better alignment between synthetic biology and society. The MOYM 
foremost, facilitated timely political opinion-making through engaging with Dutch PYOs, 
which represent important voices that up until then were not heard in the public debate 
on synthetic biology. Additionally, the intervention generated insights about what kind of 
issues and tensions may become important in the future. In addition, the MOYM contrib-
uted to mutual trust between participants stemming from the political sphere and science 
and technology sphere. From a more general point of view, I conclude that TA can fulfil 
a valuable role in fostering the alignment between emerging technologies and society 
through engagement with political parties, particularly because it facilitates timely political 
opinion-making. Several ‘political party-affiliated organizations’ could fulfil a valuable role 
in examining the potential significance of emerging technologies from the perspective of 
the political party they are connected to. Next to PYOs this applies to political party think 
tanks (or scientific bureaus) and (ad hoc) political party advisory groups. Furthermore, it 
is crucial to note that this does not only apply to the Netherlands; in most countries in 
which TA or RRI is pursued, political parties are associated with related youth wings and/or 
political party think tanks. Such organizations are not consulted (at least not prominently 
and sustainably) in the practice of TA. Drawing from existing conceptualizations in TA, an 
approach built around the aforementioned ideas, could be typified as upstream political 
engagement, as it seeks to operationalize early or upstream engagement in the political 
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sphere, but does so by looking beyond parliament and therefore broadens the scope of 
parliamentary TA. 

• Aligning synthetic biology and society through early engagement in the science & 
technology sphere
In the context of the EU-project SYNENERGENE, the Rathenau Instituut, in collaboration 
with the Athena Instituut of the Vrije Universiteit Amsterdam (from now onwards referred 
to as the ‘SYNENERGENE team’) sought to foster RRI by collaborating with iGEM teams. 
Participants in iGEM need to play close attention to the potential ethical and societal 
ramifications of synthetic biology, but even more so of their own projects, under the 
heading of the so-called (integrated) ‘Human Practices’ element of the competition. On 
the basis hereof, iGEM can be seen as an RRI laboratory and therefore provided an inter-
esting space to learn about the operationalization of the relatively new concept of RRI. 
In order to do so, the SYNENERGENE team developed a two-step approach dedicated to 
imagining plausible and socially desirable synthetic biology futures. The first step will be 
discussed here and the second in the next section. From 2014 to 2016, a number of iGEM 
teams were supported by coaching them in the development of future scenarios aimed at 
exploring the plausibility and desirability of their synthetic biology design. This approach 
was conceptualized as a technological options-oriented approach to RRI. In this disserta-
tion, I focused on our activities in 2014, when societal challenges relating to antibiotics 
resistance and renewable energy were chosen as central themes. 

As discussed in chapter 6, the SYNENERGENE team strived to enable the ‘testing’ of imagi-
nations of futures in which synthetic biology is applied in an anticipatory way. In order 
to do so, the iGEM teams were facilitated in exploring the plausibility and desirability of 
the iGEM teams’ so-called ‘virtual prototype’ by integrating feedback from stakeholders 
in the real world. In order to do so, two guidelines for constructing future scenarios were 
developed: one for writing application scenarios and another to create techno-moral 
vignettes. Application scenarios are empirically grounded speculations, based on our cur-
rent understanding of the world, and describe how a particular innovation might be taken 
up in this context. Techno-moral vignettes are more deliberately fictional with the aim of 
triggering imagination and reflection on the desirability of a technology. Such vignettes 
depict future snapshots of wider social implications, value conflicts, and soft impacts in 
worlds where particular (synthetic biology) applications are imagined to have been widely 
adopted. In both cases, the students were asked to engage with a wide variety of (poten-
tial) stakeholders. Next to the guidelines, participating teams received a small support 
grant and were coached by SYNENERGENE researchers, such as myself.

In order to examine the extent these activities contributed to RRI in synthetic biology, and 
accordingly to better alignment of synthetic biology and society, interviews with the par-
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ticipating teams were held, their future scenarios and ultimate designs were considered 
regarding how this particular type of engagement activity contributed to four pillars of RRI: 
anticipation, inclusion, reflexivity and responsiveness. It was concluded that the activities 
did contribute to RRI in synthetic biology, on all accounts. This particular form of early 
engagement in the science and technology sphere seemed valuable on two levels. First of 
all, on the basis of the first year, in which many guidelines were still under development, 
the SYNENERGENE team observed that constructing future scenarios held the potential 
to make changes in the design in order to address identified concerns and needs. This 
potential was affirmed in the two subsequent editions. Secondly, constructing future 
scenarios – and collaboration with SYNENERGENE TA coaches – made the participants 
more reflexive and sensitive for the ethical ramifications of their work, as well as towards 
societal needs. Looking at de facto aligning synthetic biology with society, I cannot claim 
that the TA- or RRI-like interventions altered the design trajectory of synthetic biology. 
Yet, I do conclude that these interventions were valuable. iGEM, its ‘Human Practices’ 
component, and the collaboration with SYNENERGENE, constitute important building 
blocks in the education of the future synthetic biologists that were guided by the project 
team. As said, since its inception over 50.000 alumni have participated in iGEM from all 
over the globe. Of course, the SYNENERGENE team only collaborated with a fraction of 
participants, but the experiences demonstrated that interventions such as these could 
ultimately contribute to better alignment of synthetic biology and society. Following up on 
the experiences, the initial guidelines were adapted to a more useful and appealing web-
based format: the ‘iGEMer’s guide to the future’. Up to this day, this guide is suggested 
by the iGEM organization as a potentially valuable resource for iGEM teams to engage 
in ‘Human Practices’. Potentially, the endeavors of our SYNENERGENE may continue to 
facilitate future alignment of synthetic biology and society. Moreover, based on these 
positive experiences, I argue that activities based around the construction of future sce-
narios maybe inspirational for in RRI-based research programmes and collaboration with 
technology developers. 

• Aligning synthetic biology and society through early engagement in the societal sphere
As mentioned in the previous section, the collaboration with iGEM in the development of 
future scenarios was part of a two-step interactive process of real-time TA. Here, I discuss 
the second step in which an interactive multi-stakeholder dialogue with a wide variety of 
stakeholders actively working on the challenges of antimicrobial resistance and renewable 
energy was held (elaborated in chapter 7). In the conceptualization of the second step of 
the real-time TA process, the SYNENERGENE team sought to facilitate the formulation of 
inclusive and reflexive modes of imagining synthetic biology futures, inspired by the aims 
of RRI. As discussed in the former section, the future scenario development activities con-
ducted with the iGEM teams took their envisaged applications as a starting point and was 
therefore conceptualized as a technological options-oriented approach to future making 
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and RRI. At the same time, to secure coherence with the second step discussed here, 
antimicrobial resistance (AMR), the topic I was personally concerned with, and renewable 
energy were established as overarching societal challenges. In the approach of the second 
step in our real-time TA process, grand societal challenges were thus the starting point of 
the multi-stakeholder dialogue that was organized, and can therefore be understood as a 
societal objectives-oriented approach to future making and RRI. 

I conclude that the multi-stakeholder dialogue and the operationalization of this societal 
objectives-oriented approach contributes to better alignment of synthetic biology and 
society. The workshop moved stepwise from exploring how participants defined the major 
issues and challenges concerning AMR, to the articulation of a future policy vision with 
the aim to identify options for synthetic biology innovation that might be desirable in 
this context. To structure the discussions, participants were asked to describe, for the 
Netherlands and Europe: the main causes of AMR, potential and desirable solutions, and 
last, needs for social change, knowledge and technical means in order to realize these 
solutions. Only after these steps were taken, an introduction about synthetic biology was 
given and its potential role was explored. Some directions of solutions did not warrant 
any form of technology (like prudent use), but in other directions they did. E.g. synthetic 
biology could play a role in developing novel antibiotics or alternative therapies. Interest-
ingly, a strong demand for quicker diagnosis and monitoring was put forward, in which 
synthetic biology potentially could play a role, but is less pursued thus far. Ultimately the 
participants formulated four diverging scenarios to make the Netherlands and Europe 
AMR-proof in 2030, with different roles of synthetic biology. 

I concluded that the multi-stakeholder dialogue is a productive operationalization of early 
TA-inspired engagement in the societal sphere. It is fairly easily replicable by TA and RRI 
practitioners and, when pursued on a larger scale, can contribute to better alignment of 
synthetic biology – or other STI – and society. From the perspective of transdisciplinarity, 
the multi-stakeholder dialogue is a productive way to enable mutual learning between ac-
tors in different social spheres. In this context, it is interesting to consider the redistribution 
of expertise. Often in participatory activities, scientists and technology-developers are put 
center-stage and hold the power to frame a certain technology. Here the technology – and 
its potential – is often considered as a given. In our engagement activity societal actors, 
rather than scientists and technology-developers, were put center-stage and spearheaded 
the problem definition and potential solutions. Only after this step was taken, synthetic 
biology’s potential came into play, by which the synthetic biologists could bring expertise 
to the table. Accordingly, this approach harnessed the societal actors’ expertise directly 
vis-à-vis technology developers and provided a better balance between these two groups 
of actors, which is often lacking in engagement activities. Ultimately, the dialogue enabled 
the identification of potential viable and desirable trajectories for innovation. I believe this 
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approach could contribute to innovation policy. Comparable dialogues may be a practical 
way for policy-makers, funding organizations, as well as scientists and actors in the in-
novation chain, to learn about what innovations should be stimulated and how. 

Towards an integrated approach in early TA engagement with science, 
technology and innovation
Looking back, I concluded that the engagement activities of the Rathenau Instituut 
contributed to better alignment between synthetic biology and society, albeit modestly. 
I do not claim that the interventions of the institute fundamentally altered the design 
trajectory of synthetic biology, nor did they fundamentally impact the societal and politi-
cal discourse thereon. Yet, I do believe they made positive contributions in this regard. 
Moreover, I foremost view the undertaken TA-inspired activities as relatively successful 
experiments in the operationalization of new concepts put forward in relation to foster-
ing the alignment between technology and society, such as upstream engagement and 
RRI. In addition, looking at their design, all of the interventions discussed, can be easily 
replicated. Lastly, it is also important to be mindful of the fact that, while synthetic biology 
continues to develop, the field is still in an experimental stage. Therefore, it is difficult to 
assess the impact of TA interventions regarding the field, including those conducted by 
the Rathenau Instituut. 

Considering the diverse set of traits of contemporary TA that I identified, there is no single 
approach that stands out; each social sphere is relevant to address from the perspective of 
TA and comes with its distinct features that both enable and constrain the potential effec-
tiveness of engagement activities. Perhaps more importantly, looking at the experiences 
of the Rathenau Instituut, it seems crucial to establish connections between different 
social spheres. Indeed, while the interventions of the Rathenau Instituut had a deliberate, 
distinct focus on a specific social sphere, they always facilitated interaction with actors 
from other social spheres: the PYOs (from the political sphere) debated amongst them-
selves as well as with iGEM participants (from the S&T sphere); the iGEM participants 
were prompted to engage with a wide range of stakeholders (from the societal sphere); 
and the dialogues on synthetic biology’s potential role regarding AMR and renewable 
energy could not take place without the expertise of attending synthetic biologists to 
understand what synthetic biology can offer. 

On the basis of these experiences and broader lessons about contemporary TA, I therefore 
conclude that better alignment between synthetic biology calls for a deliberate, longstand-
ing integrated approach. From an idealized point of view, if synthetic biology and society 
are properly aligned, this would entail that as a society we have identified the goals why 
synthetic biology is pursued and identified how these could be reached; acceptable risks 
were identified and managed; ethical, legal and societal issues are mitigated, and lastly, 
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deliberation on all of the aforementioned topics would have been organized successfully 
in an inclusive manner. In simplified words, in order to achieve that synthetic biology does 
the right things in the right manner, I believe a long-term concerted effort is needed, in 
which TA and RRI practitioners, as well as governments can play a crucial role. 

Recommendations
On the basis of my research I formulated a number of recommendations to foster the 
alignment of society and synthetic biology (which also may be valuable for other emerging 
STI). These recommendations and suggestions are primarily focused on the Dutch context, 
but may be valuable in other contexts as well. 

Recommendation for policy-makers: assume the role as playmaker in fostering the 
alignment of science, technology and innovation and society
I have argued that fostering the alignment of synthetic biology and society requires an 
integrated approach, in which various RRI- and TA-inspired practices play an important 
role. There is a need for a STI engagement ecosystem that can perform a plethora of 
activities to contribute to anticipatory and reflexive governance of synthetic biology. Evi-
dently, this first requires long-term institutionalization and funding commitment. Looking 
at the Dutch ecosystem, we can observe that several institutions are supported through 
such long-term commitment, such as the Rathenau Instituut. However, other valuable 
activities were initiated on a more ad hoc or experimental basis. At this point I foremost 
recommend to develop institutionalized capacity within government to continuously 
monitor the current ecosystem and consider to what extent this ecosystem meets the 
(emerging) needs of the time. Evidently, the government is the most important actor that 
can facilitate change, through funding schemes, requests for advice and even creating 
novel institutions. Given the role and power the government holds, it should assume 
problem-ownership and responsibility in this regard. 

Recommendations for TA and RRI practice: invest in reflexive & adaptive capacity and 
extend engagement with the political sphere
Turning to TA and RRI practitioners, I first, recommend continuous efforts in terms of 
reflexive and adaptive capacity towards emerging developments, problems and policy 
ideas. This is not so much a recommendation in the sense that, as outlined in chapter 2, 
TA- and RRI-inspired practice already has demonstrated considerable reflexivity and adap-
tive capacity over the years. The answer to the question how alignment between STI and 
society should be fostered, has changed over time. It will likely need to be (continuously) 
revisited in the future. However, this reflective and adaptive capacity is not self-evident, 
and the world has changed since the inception of RRI. Consider for instance, the rise of 
populism and dis- and misinformation or the impact of the COVID-19 pandemic. Accord-
ingly, practitioners need to evolve accordingly as well. The four dimensions often cited in 
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relation to RRI: anticipation, inclusion, reflexivity, and responsiveness, should inspire TA 
and RRI practitioners, as they should inspire the STI actors they intend to address. 

Secondly, I recommend TA and RRI practitioners to engage more directly with the political 
sphere. TA-inspired practice was originally strongly connected to the political sphere and 
branched out to the societal sphere and science and technology sphere (which I applaud). 
However, I observed a serious lack in timely political, ideological opinion-making on 
(emerging) technology, such as synthetic biology. Granted, politicians and political parties 
evidently have an important role to play herein, but TA and RRI can play a valuable role 
in addressing this lack. I therefore, recommend that knowledge and insights gathered 
through TA- or RRI-inspired interventions in societal sphere and the science and technol-
ogy sphere should also be disseminated towards the political sphere. Such knowledge 
could be translated to e.g. relevant ministries, members of parliament, but also to po-
litical parties. Of course, these actors are an important client of formal institutes like the 
Rathenau Instituut or the Health Council of the Netherlands, but there is no reason why 
other TA and RRI practitioners, such as academic researchers, could not contribute to this 
end, as well. 
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Dankwoord

Daar zijn we dan. Het dankwoord. Ik heb dit proefschrift geschreven als buitenpromoven-
dus. Dat betekent dat ik het gros van het werk heb verricht op vrije dagen, in weekenden 
en ja, ook tijdens ‘vakanties’. Toegegeven, ik heb nagenoeg van ieder moment met volle 
teugen genoten. Maar ik heb er ook veel voor moeten laten en de nodige discipline moe-
ten tonen. De geweldige steun, warmte, afleiding en het enthousiasme van de mensen 
om mij heen is dan ook in het hele proces van onschatbare waarde geweest. Dit is de plek 
om hen daarvoor te bedanken. 

Allereerst ben ik natuurlijk grote dank verschuldigd aan mijn promotoren. Rinie, wat zei 
je ook alweer toen we bij de verdediging van Zoë fantaseerden over het idee dat ik bij 
jou zou promoveren? “Dat zou een jongensdroom zijn”. Dat geldt zeker voor mij. En kijk 
waar we staan: dromen komen uit. Je bent een groot voorbeeld voor me. Enorm slim 
en creatief en tegelijkertijd altijd even idealistisch en wars van statuur. Datzelfde geldt 
voor jou Geert. Dankjewel voor je wijsheid, leiderschap en de manier waarop je mij hebt 
gecoacht in het hele proces en het geduld dat je daarbij had. Ik ben enorm trots dat ik 
straks kan zeggen dat ik bij jullie beiden ben gepromoveerd. 

Verder ben ik grote dank verschuldigd aan de beoordelingscommissie. Lotte Krabbenborg, 
Erik van der Vleuten, Laurens Hessels en Wiebe Bijker, het is een enorme eer dat jullie 
mijn proefschrift hebben beoordeeld en ik verheug mij erop om met jullie van gedachten 
te mogen wisselen tijdens de verdediging. Wiebe, een bijzonder woord van dank aan jou. 
Wat heb ik veel van jou geleerd als STS-student. Tijdens mijn eerste college van jou sloot 
je af met de vraag waarom we dit allemaal doen? En je schreef op het bord: “to make a 
better world”. Die inspiratie neem ik tot op de dag van vandaag mee.

Dan, mijn lieve paranimfen-collega’s-vriendinnen Willemine en Tessa. Het is me nogal 
wat zo’n verdediging en wat ben ik blij dat jullie letterlijk en figuurlijk naast me staan. Ik 
koester onze vriendschap en verheug me nu al op alle avonturen die we nog samen gaan 
meemaken. Tessa, je bent zo’n getalenteerde onderzoeker en docent. Ik ben trots dat ik 
onderdeel mag zijn van jouw proefschrift. Willemine, mijn proefschrift-partner in crime. 
Tja, was dat even schrikken voor mij toen je opeens klaar was. Gelukkig vonden we veel 
andere excuses om elkaar op te zoeken en dat zullen we ook blijven doen. 

Toen ik nog studeerde was ik meermaals te vinden op de website van het Rathenau 
Instituut. Als ik toch ooit daar op de medewerkerspagina zou staan…en warempel. Zes 
jaar lang werkte ik bij het Rathenau en ontmoette daar mensen die mijn leven hebben 
veranderd. Ik ben de eerste uit mijn familie die is gaan studeren en ik kan niet ontkennen 
dat ik me weleens afvroeg of wel thuishoorde in zo’n denktank. Terugkijkend, kan ik me al-
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leen maar nog verbazen over de warmte en teamspirit die ik bij het Rathenau aantrof: en 
of ik er thuis voelde! Ten eerste, Dirk, mijn mentor. Dit proefschrift zou er niet zijn zonder 
jou. Jouw mentorschap heeft mij vleugels gegeven. Je coacht waar nodig, geeft ruimte 
waar mogelijk en omarmde tegelijkertijd mijn ideeën. Daarmee zal je altijd een voorbeeld 
voor me zijn. Dat geldt ook voor Frans. Dank voor je leiderschap en warmte. Uiteraard 
moeten mijn roomies annex grote Rathenau-zussen Ira en Ingrid benoemd worden. Jul-
lie zijn vrienden voor het leven. En Ingrid, grote dank dat ik jouw prachtige kunst mag 
gebruiken op de omslag van dit boek! Alle oud-collega’s zijn mij enorm dierbaar, maar ik 
wil een paar van hen kort met naam noemen. Dank aan: Bart, Chris, Lotte, Zoë, Jurgen, 
Patricia, Pascal, Marlies, Andre, Jan, Anna, Sjerhiel, Marjolijn, Nanda en Rosanne. Eefje, 
ik kan me geen betere opvolger voor Melanie voorstellen. Heel veel succes! En Melanie, 
uiteraard wil ik jou op dit punt in herinnering brengen. Je bent veel te vroeg overleden en 
we zullen je blijven gedenken.

Bij het Rathenau Instituut deed ik ook buiten het instituut om waardevolle contacten op. 
Ik ben grote dank verschuldigd aan de partners in de EU-projecten waaraan ik deelnam: 
GEST en SYNENERGENE, respectievelijk door gecoördineerd door Miltos en Christopher. 
Via hen wil ik alle internationale partners en collega’s bedanken. Verder is de synthetische 
biologie-gemeenschap van groot belang geweest. Ik kan mij geen enkele keer herinneren 
waarop we een synthetische biologie-onderzoeker benaderden en deze niet enthousiast 
op onze ideeën of voorstellen voor samenwerking reageerde. Synthetische biologie is 
te belangrijk om aan de synthetisch biologen over te laten en de synthetisch biologen 
die ik ontmoette, zijn de eerste om dat te verkondigen. Grote dank aan de gehele iGEM 
community en aan Nadine en Eva, die ons hiermee kennis lieten maken. iGEM is een rode 
draad in dit proefschrift en ik ben enorm dankbaar voor de mogelijkheden en oprechte 
openheid die de organisatie en alle deelnemers boden.

Bij het Ministerie van IenW wil ik Saskia, Willeke en Mijntje bedanken voor de mooie 
avonturen in de beleidswereld. Ik ben heel blij dat ik deze kant van het biotechnologiebe-
leid mee heb mogen maken en dankbaar dat ik dat samen met jullie mocht doen.

Uiteraard zijn er veel mensen te bedanken bij het Athena Instituut, waar ik een fantas-
tische tijd heb gehad. In deze periode schreef ik tevens het leeuwendeel van dit proef-
schrift. Allereerst Frank. Onze fijne samenwerking begon al tijdens Rathenau-tijd en ik 
ben blij dat we deze bij het Athena konden intensiveren. Simone, ook voor mij was het 
een hoogtepunt om met jou voor de klas te staan en ik hoop dat we ooit weer collega’s 
zullen zijn. Osu! Marjoleine en Wieke, dank voor de fijne samenwerking in SYNENERGENE. 
Wat hebben we samen bijzonder onderzoek mogen doen en mooie ervaringen gedeeld. 
Verder een grote groet aan: Roos, Kelly, Sem, Laura2, Jantien, Pim, Marijke en Nanon en bij 
de UvA aan Yorike en Arian. Ook wil ik al mijn studenten en stagiaires van harte bedanken. 
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Ik heb enorm veel van jullie geleerd en ben trots dat ik jullie begeleider dan wel docent 
mocht zijn. Een bijzondere groet aan Tessa. Ik ben enorm trots op hoever je bent gekomen 
sinds je stage en blij dat jij je talenten inzet voor nieuw biotechnologiebeleid. Lotte, ook 
jij bedankt voor je prachtige stageonderzoek voor het CEG. Ik kan niet wachten om ermee 
verder te gaan.

Momenteel werk ik met heel veel plezier bij de Gezondheidsraad en het Centrum voor 
Ethiek en Gezondheid, waar ik nog altijd mijn tanden mag zetten in betere afstemming 
tussen technologie en samenleving. Harrie en Frank, het was een enorme eer om met 
jullie aan de Trendanalyse Biotechnologie 2023 te schrijven. Verder wil ik Rachèl, Shona, 
Myrthe, Lotte en alle andere collega’s en commissieleden van harte bedanken voor de 
fijne samenwerking en hun ondersteuning en enthousiasme rondom de afronding van dit 
proefschrift. 

Maar er is meer dan werk en schrijven aan een proefschrift. Zo is er muziek. Ik ben 
enorme dank verschuldigd aan alle muzikanten met wie ik het podium mocht en mag 
delen, in het bijzonder al mijn bandleden van Power to the Pipo. Tijdens het schrijven van 
dit proefschrift kwamen ook met jullie muzikale dromen uit. Ik gok dat we in deze periode 
wel meer dan honderd optredens hebben gedaan. Ik koester ze allemaal. Uiteraard moet 
ik op dit punt Luc noemen. Al 23 jaar staan we samen op het podium en delen we lief en 
leed. Ik verheug me op de komende 23 jaar. En Stijn, lieve Kuumiezer…wat missen we je. 

Ook is er kendo. Grote dank aan Suzuki sensei, Kiran en alle senpai en kohai van Kendo 
Kai Suzuki. Jullie boden de beste plek om dit drukke hoofd wat rust te gunnen en nu het 
proefschrift af is, heb ik ook geen excuus meer om dat derde dan-examen uit te stellen! 
Osu!

En er zijn vrienden en familie: Thijs, Stijn, Jack, Mathijs en Ebby. Bedankt dat jullie er zijn in 
goede en slechte tijden. Anne, er waren verschillende plekken waar ik jou kon benoemen. 
Eerst collega’s, toen vrienden en nu weer collega’s, maar vooral toch vrienden. Dankjewel 
voor je warmte en je steun. Natuurlijk wil ik mijn familie en schoonfamilie bedanken voor 
al hun liefde, warmte en steun. Judith, Gino en Arnold, ik ben trots dat ik jullie kleine 
broertje ben. En oma, we missen je. 

Lieve Marieke, al bijna 17 jaar gaan we samen door het leven. We steunen elkaar door 
dik en dun. Je inspireert me en maakt me nog net zo vaak aan het lachen als toen we net 
samen waren. Ik ben zo trots op je en je zo dankbaar voor de manier waarop je me steunt 
in alles waar ik enthousiast over ben – ook al gaat dat vaak ten koste van tijd voor ons 
tweeën. Ik denk niet dat dit proefschrift er zonder jou zou zijn, want je zet me aan het 
denken en je durft me te laten denken. Ik verheug me op alles wat we nog samen gaan 
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mee maken, nu met Robin aan onze zijde. Lieve Robin, ik ben zo blij dat je in ons leven 
bent gekomen.

Ten slotte, mijn ouders. Ik wil dit proefschrift aan jullie opdragen. Jullie hadden niet de 
mogelijkheden die ik had. Sterker nog, jullie jeugd was ronduit moeilijk. Maar dit proef-
schrift is het resultaat van een eenvoudige maar levensbepalende les die ik van jullie 
beiden kreeg: leren is leuk. Zonder een hoger doel. Jullie waren niet bezig met wat voor 
soort baan ik zou krijgen. Nee, het leren zelf was het doel. De rest komt allemaal wel, als 
je het maar leuk vindt. Mama, gezien jouw eigen traumatische ervaringen op school, ben 
ik steeds beter gaan begrijpen hoezeer jij je best moest doen om mij te doen geloven dat 
leren leuk is. Dat is je gelukt en daar ben ik je eeuwig dankbaar voor (en voor nog duizend 
andere dingen). Papa, jij kan dit moment helaas niet meer meemaken. Op je sterfbed 
hadden we – kalm zoals je was – openhartige gesprekken en toen ik je wilde vragen of je 
nog wensen had rondom je uitvaart, kon ik mijn zin niet afmaken, want je antwoordde 
dat je hoopte dat ik mijn doctorstitel zou halen. Uiteindelijk doen titels er niet toe, maar 
ik hoop dat ik jullie hiermee alsnog een beetje trots maak. Het is in ieder geval ook jullie 
proefschrift. 

Terima kasih banyak
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PhD Thesis

Science and technology may be an important source of 
progress, but also of problems and conflicts. How can we ensure 
that technology does what society needs or finds valuable, 
whilst preventing problems? In other words: how can 
technology and society be aligned? For over half a century, 
technology assessment has been a governance instrument 
aiming to foster such alignment. 
One of the emerging technologies that currently warrants 
attention is the rapidly evolving field of synthetic biology. On the 
one hand, synthetic biology may play a valuable role in 
addressing societal challenges. On the other, the developments 
are not without risks and raise complex ethical and societal 
questions. 
So, how can the alignment between synthetic biology and 
society be fostered? This question is at the heart of this PhD 
thesis. In order to answer this question, the development of 
technology assessment is examined, followed by an analysis of 
the emerging international debate on synthetic biology. 
Furthermore, this question is answered through reflection on the 
author’s experiences at the Rathenau Instituut, the Dutch office 
for technology assessment and science system assessment. 
Here, interventions were undertaken regarding synthetic 
biology, informed by novel approaches and concepts in 
technology assessment. 
The results of the interventions point toward opportunities for 
technology assessment that may inspire the concerted and 
continuous effort that is ultimately needed to align society and 
synthetic biology – or for that matter, any technology. 
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