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Preface

I have always been fascinated by the human ability to master different intellectual and material
resources, by emerging technologies they produce, and also by society’s ability to be subdued by
the disruptive powers of these technologies and their surroundings. Technology’s unprecedented
powers, both old and new, and their social context have swayed me many times between accounts
of social and technological determinism without recognising them as alternatives of looking at the
very same thing. This fascination with technology and my drive to understand it as a social
researcher previously drew me to reflections on technological myths, not as something fictional
(false) or old, but as something very present in our modern surroundings. My master’s thesis,
entitled Promethean Technology (2010), taught me a valuable lesson, which I have attempted to
incorporate into my subsequent research. Technology has always been as much about mastery as it
has been about promise (expectations). Right there, in all the accounting, appears one constant:
Technology has always been about figures. Think of technical images as graphs, or no less complex
and determined figures of future achievements. Any technology is about figuring out, technically,
economically, historically, socially, and ethically simply all that there is about the world
transformed by (with) technology. The previous argument should not force an idea that technology,
especially technology use and its implications, is always reflected. The quest for more reflexivity
and increased awareness of these issues then represents the purpose of my study.

While, from a democratic point of view, it is crucial that we, citizens or our representatives,
be involved in decisions concerning the development of technology development, to make
responsible decisions, we should strive to develop the ability to analyse and evaluate ideas offered
to us by those who exclude us from more balanced positions of power; without this there can be no
democratisation of technology (or democracy resp.) because there is no choice. Hence, the struggle
or conflict lies in our ability to negotiate or determine our chances of influencing ideological or
hegemonic meanings being imparted by science (industry), policymakers, or media. The public
reaction to genetically modified organisms (GMOs) may have distorted their regulations beyond
repair but also proved that even the public could enforce meanings which may have altered
development. With future technology development in mind, such as nanotechnology, all

participants and stakeholders should have the power themselves to exercise interpretive freedom



and resistance to being normalised into some dominant discourses. Such is also my responsibility as
a social researcher, reaching to continually establish the field of nanoethics so as to provide a better
ground for more informed discussion on nanotechnology. Nanoethics might seem a neologism.
However, it develops along with anything which contributes meaningfully to an ethical discussion
on nanosciences and nanotechnologies. Many of the issues discussed in this thesis could have also
been placed elsewhere—in bioethics, the ethics of surveillance, ethics and public policy, and so on.
This dissertation thus responds to the challenge of finding the context for issues pertaining to
nanotechnology (cf. Nanoethics 2012: 153). The discussion is relevant and timely, provided
emerging technology, despite not standing on its own, can be considered something moving ahead
of social relations.

In my perspective, nanotechnology is perceived as discourse or a communicative event
rather than mere material technology. As a consequence, the study of nanotechnology’s
implications is moving to the background, and the focus is now on the processes and practices of
constant renegotiating and re-figuring all these realities. The study seeks to improve understanding
of the relationship between the language used and nanotechnology development at the media
interface between science, policy, and the public. It aims to gain insight into the controversies being
enabled and constrained within this interface, and which is, as I argue, a place of ongoing
metaphorisations (or carrying over) of various matters of concern. In this sense, it should contribute
to metaphor studies while accentuating the sociological approach to metaphor, that is, considering
reality outside of the language—what reality language precedes and proceeds from. It should also
contribute to science and technology studies (STS), the study of the relationships between scientific
and technological innovations and society, and media studies, two invaluable frameworks used to
gain insight into nanotechnology discourse.

Designing and compiling a corpus from various sources, conducting transdisciplinary
research, and writing this dissertation has been a great challenge with ever-increasing involvement
in the learning process. I hope the presented study achieves its goal of imparting more knowledge
and insight of the problem and provides interesting content in return, what I believe will therefore
be a rewarding experience for the reader’s investment in this text.

Pavel Kotlik, August 2019
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Style and Semantic Conventions

As has become accepted practice in cognitive linguistic approaches (see Charteris-Black 2004,
Semino 2008), the upper case is reserved to represent the abstract thoughts underlying metaphors
(usually known as conceptual metaphors). Words or phrases selected for the focus of discussion are
placed in single speech marks; once they are definitively classified as metaphors, they are shown in

italics.

Example:
‘I am at a crossroads in my life’

LIFE IS A JOURNEY

Except where ambiguity might arise, references to the corpora are by acronym and year,
without the name of the article; WoS is used to cite the Web of Science; CORDIS stands for the
Community Research and Development Information Service; and CMC, BMC, and FMC are
reserved for the Czech, British, and French media corpora, respectively. These specialised corpora
were compiled ad hoc from various media archives and, as a media reference to nanotechnology,
should not be confused with non-specialised collections of natural language use, such as the British
National Corpus which uses the acronym BNC. Czech and French texts were translated except for a
few technical notes or special expressions which demanded more detailed attention (e.g. in the
footnotes). Finally, there are a few words and concepts which figure prominently in my discussion
and which have no single translation that adequately encompasses their thematic usage in the
dissertation. I gloss or explain the thematic significance of these terms when they first appear in the

text and later use them from time to time without translating them.



List of Abbreviations

ACS
AMO
CEA

CM
CMT
CNDP
CNRS
CTEKS
(o4
DAM
EC

EIT
ELSA
EN/UK
ERA
ESFRI
ETC
EU

FP

FR
GIANT
GMOs
INPG
INRA
JTI
LETI
LM
MIP
NBIC
NNI
NM
N3M
nm
OECD
OMC
PMO
RCN
REACH
RFID
RRI
S.NET

American Chemical Society

Atomically modified organism

Alternative Energies and Atomic Energy Commission; preceding agency
Atomic Energy Commission (Commissariat a I’Energie Atomique)
Conceptual Metaphor (Abstraction Level)

Conceptual Metaphor Theory

National Commission for Public Debate (Commission Nationale du Débat Public)
National Centre for Scientific Research (Centre national de la recherche scientifique)
Converging Technologies for the European Knowledge Society

Czech / Czech Republic

Defence and Military

European Commission

European Institute of Innovation and Technology

Ethical, legal, and social aspects

English / United Kingdom

European Research Area

European Strategy Forum on Research Infrastructures

Erosion, Technology and Concentration (action group)

European Union

Framework Programme

French / France

Grenoble, Isére, Alpes, Nanotechnologies

Genetically Modified Organisms

Institut polytechnique de Grenoble

National Institute of Agricultural Research

Joint European Technology Initiative(s)

Laboratory of Electronics, Technology and Instrumentation (CEA-Leti)
Linguistic Metaphor (Surface Level)

Metaphor Identification Procedure

Nanotechnology, Biotechnology, Information Technology, and Cognitive science
National Nanotechnology Initiative (United States federal government programme)
National Media

Nanofibers for the 3™ Millennium

Nanometre = 10" metre

Organization for Economic Cooperation and Development

Open method of coordination

Pieces et Main d’Oeuvre (activist group)

Record number

Registration, Evaluation and Authorisation of Chemical Substances
Radio-Frequency Identification Technology

Responsible Research and Innovation

Society for Studies of New and Emerging Technologies



STM
STS
TA
TCCAS
TUL

Corpora

CORDIS

CMC
FMC
BMC
NM

WoS

Scanning Tunneling Microscope

Science and Technology Studies

Technology Assessment

Technology Centre of the Czech Academy of Sciences
Technical University of Liberec

Texts and press releases from the Community Research and Development
Information Service (CORDIS) database

Czech Media Corpus; media articles compiled from the Newton Media database
French Media Corpus; media articles compiled from the Europresse database
British Media Corpus; media articles compiled from the Factiva database
National media archive

Corpus of articles compiled from the Web of Science database



Résumé détaillé (sommaire)

Cette thése a pour but d’analyser l'interface entre la science, la politique et le public car elle est
essentielle a la compréhension des dynamiques de développement des nanotechnologies. Elle
encadre une période qui dépasse la phase de découverte, dun programme-cadre, d'une question
réglementaire ou d'un débat public. L'objectif est d'étudier les représentations sociales des
nanotechnologies dans différents contextes afin de comprendre les processus de prise de décisions
stratégiques et les critéres de réussite et d'échec des débats publics. Une attention particuliére est
portée a la médiation scientifique, aux enjeux des projets de I’Union Européenne et au
développement des nanotechnologies au niveau national, notamment en République tchéque, France

et au Royaume-Uni.

La these est divisée en sept parties: le cadre théorique de la nanotechnologie (Partie I), la métaphore
(Partie II), la méthodologie (Partie III), les données (Partie IV), les études de cas (Partie V), une

discussion de la synthése des résultats (Partie VI) et enfin une conclusion (Partie VII).

La Partie I se référe aux discussions récentes sur les limites des modéles bidimensionnels, ou
unidirectionnels des modéles « science-politique-public » pour 1’analyse des nanotechnologies (cf.
Rip 2006, Toumey 2006, Doubleday 2007, Laurent 2007, Ruivenkamp et Rip 2011,
Chateauraynaud 2009, Vinck 2009 et 2011, Vernant 2014). Il est suggéré que le développement des
nanotechnologies dépend du renforcement mutuel des possibilités techno-scientifiques, des mandats
politiques et des objectifs sociétaux, ainsi que de leurs controverses. Le role de la métaphore dans
ce mécanisme de transformation se montre essentiel, et nous incite a remettre en question cette

relation dynamique.

La Partie II présente la métaphore comme un dispositif inter-discursif qui traduit des objets et des
images techniques (scientifiques) en images politiques et sociales, et vice versa, plutot que de
représenter une simple stratégie rhétorique (Hellsten 2002, Knudsen 2003, Nerlich et Dingwall
2003, Low 2005). La traduction concerne la fagon dont 1'échelle nanométrique invisible est rendue
intelligible a travers divers acteurs en utilisant un vocabulaire et des concepts plus familiers. Les
métaphores forcent les acteurs impliqués ; scientifiques, décideurs politiques, ou public a 1’aide
d’images de « paysages » a 1'échelle nanométrique ou de « nano est le prochain OGM », ou de plans

de « convergence » sociotechnique.

Dans son ensemble, le discours sur les nanotechnologies fournit un environnement dans lequel les
métaphores peuvent émerger, altérer leur environnement en modifiant les représentations des
nanotechnologies ainsi que des attentes passées, perceptions des bénéfices et des risques futurs (cf.

Mordini 2007, Nordmann 2004 et 2007, Ruivenkamp et Rip 2011). En ce sens, il faut considérer



que les métaphores peuvent stabiliser, renforcer ou au contraire laisser un espace instable en

ouvrant ou en contraignant les transformations.

Développées sous une faible connaissance publique (cf. Satterfield et al. 2009, Eurobarométre
2010), les représentations des technologies émergentes ont recu une attention accrue des médias en
Europe comme dans le reste du monde. Les controverses concernant les OGM, 1’énergie nucléaire
et l'influence de l'autorité publique ont influencé les messages médiatiques et prédit 'acceptation
des nanotechnologies (cf. Scheufele et al.2009, Laurent 2007, Doubleyday 2007, Vinck 2009,
Kahan et al.2009, Toumey 2011). Simultanément, les médias ont trait¢é de nombreuses fois de la
transition aux nanotechnologies d’une maniére obscure et en contraste avec les intéréts de la science
ou du public (cf. Vinck 2009, Pidgeon, Harthorn et Satterfield 2011). De ce fait, cette thése est une

tentative de recherche qui se concentre sur les médias en tant qu'interface science-politique-public.

La contribution principale de cette thése vise a mettre en évidence le probléme existant associé a
I'évaluation discursive et argumentative des technologies dans un large éventail d'implications par

l'analyse métaphorique.

La recherche cible les transformations dans la dynamique des controverses sur les nanotechnologies
dans les médias ; dans un contexte scientifique, politique et local (culturel) car il s’agit d’un choix
pratique pour l'é¢tude comparative dans les relations ci-dessus. Plus précisément, je pose les

questions de recherche suivantes :

Q1. Comment les métaphores sont-elles liées aux représentations sociales spécifiques de la
nanoscience (nanotechnologie) ? Peut-on identifier une ou plusieurs métaphores systématiques

particulieres des nanosciences (nanotechnologies) derriére la diversité actuelle du domaine ?

Q2. Comment les métaphores sont-elles liées a la politique européenne des nanotechnologies, en
particulier, explorant l'antagonisme, le consensus, la compétition et l'indifférence des différents

acteurs ? Y a-t-il des conséquences des utilisations particuliéres de la métaphore ?

Q3. Quelles métaphores conceptuelles sont communes dans les représentations des controverses sur
les nanotechnologies dans les contextes culturels (locaux) ? Peut-on identifier des structures
particuliéres (méta-structures décrivant des types de relations entre acteurs et concepts) ? Comment
les sujets de préoccupation dans le discours sur les nanotechnologies sont-ils abordés par les

médias ?

La Partie III est consacrée a 1'étude de la relation entre la métaphore et la nanotechnologie,
présentée comme une méthodologie intégrée : une approche systématique basée sur un corpus qui
se focalise sur les « sujets de préoccupation » (Cooren et al. 2015), les variations des « concepts »

métaphoriques (Lakoff 1993) et des schémas narratifs « actantiels » (Greimas 1987) des



controverses. Ces modeles analytiques sont appropriés a la métaphore dans le discours, en tant que
variation topologique ou narrative, et je présente comment ceux-ci peuvent rendre évidente la

formation discursive (Foucault 1972).

Les métaphores conceptuelles et systématiques sont essentielles pour accéder a la complexité et a la
contingence et peuvent expliquer les raisons de 'ampleur de la coordination discursive et politique
(Semino 2008: 85). Tout comme les métaphores systématiques, les récits relient des acteurs, des
événements (lieux) et des expériences auparavant déconnectés, leur permettant de devenir
interconnectés et planifiés, faisant preuve de cohérence, d'intégrité, de plénitude et de cloture
(Gottweis 1998: 33-37). Le discours des nanotechnologies se développe autant a travers des
irruptions soudaines, des transformations, des contradictions et des différences que par la constance
ou la régularité. Il est rapporté qu'il existe une « formation discursive » partout ou l'on trouve des
régularités de dispersion (Foucault 1972: 31-44). Ce concept est devenu utile pour étudier plus en
détail la relation entre la métaphore et la nanotechnologie afin de montrer: comment un objet
quelconque du discours sur les nanotechnologies y trouve sa place et sa loi d'émergence; comment
les régularités des procédures de gouvernance (avec un jargon technocratique) s'alignent sur les
modeles de gouvernementalité (le savoir-pouvoir); et enfin comment les débats publics ne sont pas
entierement réglés par les sujets ni par le recours a une subjectivité psychologique comme on peut

identifier d'autres régles et régulation de ses énoncés (des conditions d’« énonciation »).

Pour réduire le large espace de discours que représente la nanotechnologie, j'ai décidé d'étudier les
questions ci-dessus dans les ensembles de données suivants (Partie IV): un corpus construit a partir
de textes scientifiques de « Web of Science » (Q1), un corpus construit a partir de textes politiques
de « Community Research and Development Information Service » (Q2) et des corpus construit a
partir de textes médiatiques des différentes presses nationales (Q3) tcheque, frangaise et
britannique. J'ai concentré ma recherche de 1999 a 2015 avec 2000 articles portant sur les
nanotechnologies pour modéliser l'interface science-politique-public. La compilation de ces
données avait pour objectif de contenir les caractéristiques variables ainsi qu'une contingence

historique ancrée dans différents climats politiques, économiques et contextes locaux (culturels).

La premicre étude de cas (Partie V, Chapitre V) jette un regard critique sur les régions d'utilisation
de la langue qui ont systématiquement poursuivi I'expression littérale comme norme — le langage de
la science et ces lois. La maniere dont le langage de la science est purifi¢ des ambiguités et de la
liberté d’interprétation, les métaphores ont souvent ¢été marginalisées au commentaire, a la
formalisation de I'heuristique et a la psychologie (cf. Carnap 1959, Hempel 1965). Néanmoins, les
métaphores ont aussi été considérées comme des outils méthodologiques importants dans la

construction et la critique de la théorie juridique et scientifique — dépassant 1'écriture persuasive aux



modeles scientifiques (cf. Black 1962, Hesse 1966, Knorr Cetina 1981, Nerlich et Hellsten 2007,
Gentner et Jeziorski 1993). En privilégiant une perspective plus large que « ornementale », la
science peut étre remise en cause et méme contrefaite par des figures (métaphores) qui rivalisent de
prévisibilité et guident les chercheurs et les ingénieurs comme si ceux-ci représentaient des lois et
des théories. La thése, en outre, utilise un concept de régime normatif pour souligner 1'intégrité du
discours sur les nanotechnologies. Il montre comment les figures qui circulent dans les domaines
scientifiques s'étendent a la société (ouvrant la perspective humaine) a travers de nombreuses
traductions et formations de discours (cf. Foucault 1972). Cette thése soutient que « I’évolution
créatrice » est une formation discursive qui produit de nombreux imaginaires et qui est extensible a
toutes les dimensions qu’elle atteint par la métaphore de la loi de Moore (en tant que vision du
monde et symbolisme rationnel de la civilisation, cf. Eisenstadt 1973, Arnason 2003). L'évolution
créatrice par ses métaphores porte des visions, des attitudes et des actions spécifiques qui sont par la

suite présentées comme étant plus que des schémas cognitifs ou des images de la nature et du futur.

La deuxiéme contribution (Partie V, Chapitre VI) concerne l'analyse des politiques et I'étude de la
gouvernance des nanotechnologies, mettant en évidence le role des cartes routic¢res technologiques
(technology roadmaps) dans le processus d'¢laboration des politiques ; et de comprendre
'émergence d'un régime de pouvoir comme la gouvernementalité (Foucault). Les chercheurs STS
ont contribué de maniére significative a caractériser les cartes routieres technologiques en tant que
métaphores génératives (Rip 2012), récits de construction de consensus (Berker et Throndsen 2017)
et fictions percutantes (van Lente 2000). Ils n'ont cependant pas expliqué en détail comment les
cartes routieres technologiques sont établies dans la dynamique du discours politique. Mon analyse
complete leur travail en abordant la maniére dont le régime réglementaire émerge comme un
alignement entre le nanomonde, le récit d'une quéte d'innovation (innovation journey) et la
formation discursive du Nano-orientalisme (cf. Said 1978, ou Harley 1989). Cela peut expliquer
comment les décideurs politiques considérent les métaphores et les histoires associées aux « vraies
» sens de leurs termes figuratifs et comment leurs alignements établissent des roles qualificatifs, des
modeles de collaboration, la mobilisation des ressources, les conditions d'¢ligibilit¢ aux
subventions, etc. En déconstruisant ensemble les métaphores, les récits et les discours, je démontre
que la représentation de lieux, d'événements (aussi dans le futur) et d'acteurs ne sont pas une forme
de connaissance neutre ou innocente, mais des représentations du pouvoir dans leur contexte

culturel-cognitif plus profond.

Dans les médias nationaux (Partie V, Chapitre VII — IX), je montre comment divers acteurs
métaphorisent les sujets de préoccupation, introduisant une dynamique importante dans 1'évolution

des controverses sur les nanotechnologies. Les métaphores créent un lien entre 1'action individuelle,
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I'expérience locale et des images plus durables, des imaginaires et des archétypes collectifs —
devenant ainsi partie intégrante des divers dispositifs d'acceptation des nanotechnologies. Cela
inclut les relations entre les instruments et les entités hybrides (animaux-machines), les institutions,
les débats publics sur les organismes génétiquement modifiés (OGM) avec un croisement culturel
plus approfondie du progres et des crises. La thése souscrit ici a la théorie sociale de la métaphore et
a son mécanisme générateur de sens, qui produit néanmoins des termes ambigus que les acteurs
utilisent pour remplir des agendas et qui peuvent plus tard resurgir comme conflictuels. Dans ce cas,
les traductions deviennent des trahisons pour certains acteurs (Cooren 2001: 197). Pour les médias,
cependant, cela représente une véritable ressource. Les débats sur le sensationnalisme, I'actualité et
la clarté sans équivoque ont tendance a dominer les débats sur les controverses scientifiques dans
les médias (cf. Weingart et al. 2000, Furedi 1997). Néanmoins, ces débats semblent également
obscurcir l'importante question de I'ambiguité. En d'autres termes, maintenir 1'ambiguité est une
stratégie médiatique majeure pour créer les conditions qui garantissent la multiplicité des récits et

interprétations socialement disponibles.

Cette idée est confortée par la discussion de mes découvertes empiriques concernant les trois
capacités (Partie VI): la capacité d'activation, de génération et d'organisation (cf. « métaphores en
pratique » dans Yanow 2005; « métaphores génératives » dans Schon 1993; « idéographes » dans
van Lente 2000 ). Les capacités changent avec la systématisation métaphorique. La dynamique est a
ses limites lorsqu'une nouvelle métaphore est introduite. Les capacités peuvent étre faibles dans les
métaphores mortes ou sédimentées, mais il s'agit d'une situation plutot temporaire, basée sur 'acteur
qui peut utiliser une vieille métaphore de maniere créative (par exemple le mythe de Frankenstein
traduit de la biotechnologie au discours de la nanotechnologie) a devenir une métaphore « vive »

(cf. Ricoeur 1975).

L’essence de la capacité d’activation de la métaphore repose sur la nouveauté du contexte. Elle
inclut une situation ou une métaphore particulicre est mise dans un cadre d’une contre-
narrativisation ou contre-argumentation (cf. Mordini 2007), offrant un espace a de nouveaux acteurs
stratégiques. Par exemple, ceux transposant les images de Big Science en Big Brother créent des
liens avec le discours activiste. La capacité générative fagconne les stratégies déclenchant des sujets
de préoccupation, se traduisant entre les définitions des problémes et leur (manque de) solutions. La
capacité organisationnelle s’exprime par la taille et la qualit¢ d'un réseau, par les métaphores
intégrées dans les récits qui attribuent divers personnages et leurs rdles, tels que, le conscient et
inconscient, courageux et craintif, bien informé et non informé, mais aussi en termes responsabilité

et légitimité.
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Méme si les capacités des métaphores sont placées dans des catégories idéales-typiques, cela ne
signifie pas que leurs fonctions ne sont pas mutuellement impliquées et qu’elles sont cohérentes par
rapport aux acteurs, les sujets et les genres, ni qu'elles ne peuvent pas perdre leurs capacités sinon
régulicrement utilisé. Les trois capacités sont toutes applicables a la relation entre métaphore et
nanotechnologie, avec un glissement concomitant entre la métaphore de la nanotechnologie

(composition) et une métaphore pour la nanotechnologie (répertoire).

Cela prouve que la perspective métaphorique est essentielle pour surmonter la distance entre des
positions incongrues qui prolongent le discours des nanotechnologies et qui peuvent travailler a la
création « d'espaces protégés » pour le développement technologique (cf. van Lente 1993, Rip
2011). En ce sens, le discours religieux n'est pas non plus juxtaposé¢ comme une techno-critique (cf.
Toumey 2011, Scheufele et al. 2009) mais étends son symbolisme pour faire avancer les visions de
la science, de la technologie et de la société. Les métaphores représentent ¢galement une ressource a
exploiter en insérant l'ambiguité comme objectivit¢é dans le reportage, et ainsi interviennent
différemment dans les débats publics (cf. Eisenberg 1984, van Dijk 1997, Oreskes et Conway
2010).

La thése conclut (Partie VII) que la métaphore n'est pas une ressource neutre a exploiter librement,
mais qu'elle a plutdét des implications sociales, éthiques et réglementaires importantes pour les
acteurs qui l'utilisent. Les capacités et biais de métaphores, la convergence sociotechnique et la
pluralit¢ des régimes ontologiques sont des défis fondamentaux pour I'évaluation des
nanotechnologies. Conscients de cela, il est nécessaire de démasquer le tissu social de 1'utilisation
des métaphores a la fois intentionnelle et non intentionnelle ainsi que partout ou elles émergent. Les
capacités de la métaphore peuvent étre mobilisées pour un apprentissage transformateur. Plutot que
de désorienter l'agent, I’¢tude des capacités de la métaphore avec un regard critique peut faciliter

une réflexivité renforcée dans les futurs dialogues.
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Introduction

Nanotechnology is the art and science of manipulating and rearranging individual atoms and
molecules to create useful materials, devices, and systems. Through this manipulation, products are
designed to have fewer imperfections and more durability, drugs to be more efficient and have
fewer side effects, and energy sources to be cleaner and more cost effective. While its potential is at
the same time presented as obvious and exciting and the risks as challenging, there is much about
nanotechnology which we do not understand. One of the early Eurobarometer surveys targeted at
emerging technologies indicated a trend that Europeans are generally unaware of nanotechnology,
do not have a solid overview of its benefits, and are not excessively alarmed about its risks
(Eurobarometer 2010). This lack of public awareness contrasts with the research being done in
thousands of private laboratories all around the world, each racing to secure the next valuable patent
in a competitive environment. Nanotechnology applications are well under way, yet they require
considerable funding to retain the high level of excellence, to remain competitive in the valorisation
of research, and to persuade others of its importance. The world of the laboratory is thus never
isolated from the outside world and, somewhat peculiarly, nanotechnology has been defined from
the outset as a ‘conquest of the nanoworld’ at nanoscale and in the future (cf. Nordmann 2004a: 49).
Designing futures for whole societies to be rebuilt ‘atom by atom’ has been introduced as another
metaphor by the various regulatory bodies which, during the past decade or so, have launched
ambitious nanotechnology strategies (cf. Amato 1999, Nordmann 2007a). These visions are
arguably not mere rhetoric but have been transformed into real initiatives, collaboration models,
resource mobilisation, and communication strategies.

In the European Union, nanotechnology is a multibillion and all-currency encompassing
phenomenon, with ambitious programmes aimed at Converging Technologies for the European
Knowledge Society (CTEKS; Commission 2005a). ‘Convergence’ has become a common metaphor
to represent (future) interactions between scientific disciplines and technological fields, sometimes
under the acronym NBIC, that is, the convergence between nanotechnology, biotechnology,
information technology, and cognitive sciences. Science and technology studies (STS) scholars go
so far as to relate this process to new normative regimes of postmodern science and post-academic

scientific research (cf. Roco and Bainbridge 2003). Among these new regimes, nanotechnology
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convergence has been the subject of a debate concerning tendencies of increasing emphasis on
commercialisation and market forces in modern universities—fundamentally at odds with core
academic principles (Moriarty 2008). Yet, the convergence has become more than an overlap of
traditional disciplines and commercialisation. For the European Commission (EC), which supports
nanotechnology as the largest public institution in the world, the convergence becomes a carrying
structure for identity politics. It is a metaphor aligned with strategic policies which incorporate
nanotechnology into identity-building projects, seeking to reimagine what a nation or community
represent (cf. Jasanoff 2005). Many of the European communities integrate this pan-European
approach while developing their specific nanotechnology programmes. As Sheila Jasanoff noted:
‘Cultural specificity survives with astonishing resilience in the face of the leveling forces of
modernity. Not only the sameness but also the diversity of contemporary cultures derive, it seems,
from specific, contingent accommodations that societies make with their scientific and
technological capabilities’ (Jasanoff 2004: 14). Nanotechnology has therefore distinctive local
features and convergence is here a meaningful concept also because it is positioned against
fragmentation and resistance of local (also epistemic) cultures.

In Europe, and countries such as the Czech Republic, France, and the United Kingdom,
nanotechnology has been brought to the public through media hype over its risks and benefits, and
in some cases, public debates were organised by governments in collaboration with industry and
academia (cf. Nano for the 3™ Millenium in the Czech Republic, Débat Public in France, or
NanoJury in the United Kingdom). Being often presented as deliberative meetings around ‘round
tables’, these debates themselves worked as metaphors that created further expectations. They were
successful to the various degree. They came relatively late, after decisions already being taken, and
in the aftermath of previous controversies, such as GMOs, asbestos, and nuclear. These former
experiences with emerging technologies have influenced the acceptance, refusal and judgement of
nanotechnology as they ‘carried over’ the images and strategies of the public (local) authorities,
activists groups, and the media (cf. Kearnes et al. 2006, Scheufele et al. 2009, Laurent 2007,
Doubleyday 2007, Vinck 2009, Toumey 2011). Nanotechnology has been represented by various
metaphors, has been assigned the hyperbolic expectations and related threat of a ‘public backlash’,
altogether setting in motion an interesting discourse dynamic at the interface between science,

policy, and the public.

1.1 Nanotechnology Development and Metaphors: Transformation Thesis

This dissertation places its analytical focus at the interface between science, policy, and the public
as it is essential for understanding nanotechnology development dynamics. It corresponds with

recent discussions about the limitations of two-dimensional, or otherwise uni-directional science-
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policy-public models for analysing nanotechnology (cf. Rip 2006, Toumey 2006, Doubleday 2007,
Laurent 2007, Ruivenkamp and Rip 2011, Chateauraynaud 2009, Vinck 2009 and 2011,
Vernant 2014). According to these models, nanotechnology development is a result of
transformation dependent on the mutual reinforcement of technoscientific possibilities, policy
mandates, and societal objectives, as well as on their ongoing contestation and resistance. To date,
however, there has been a little reflection on the ethical, legal, social, and political implications of
metaphors in these models of transformations.

This is surprising as the role of metaphors in the framing of scientific advances as well as
their impact on patterns of public acceptance and rejection, trust and scepticism may be significant
(cf. Hamilton 2003). When the conventional and relatively closed metaphors used by scientists are
opened up in the public domain, there is also danger that they will be used in ways that go beyond,
and even against, the scientist’s original intentions (cf. Nerlich et al. 2000, Knudsen 2003,
Weigman 2004). Media attention to nanotechnology’s potential benefits or risks appear to rely on
alerts voiced by scientists, and policymakers (Pidgeon, Harthorn, and Satterfield 2011), but media
counts on readership and thus has its own logic. Media processes the ‘passage of nano’ in a way not
always aligned with the general interests of science, policy, or the public (cf. Vinck 2009). Authors
or groups can be marginalised and subject to caricature and denunciations (fear, syndromes).
Furthermore, the public is often assumed to not fully understand the messages about the supposed
impact of nanotechnology, for example, because these messages may be ambiguous, contradictory,
and confused (Satterfield et al. 2009). The metaphors may thus become strategic tools designed to
create and overcome contestation. It is another way of reinforcing positions or, conversely, to
subvert them. This is important, as science communication includes scientists and scientific
advisers, often with deep connections in politics and industry, who can run effective campaigns to
mislead the public and deny informed decisions (cf. Oreskes and Conway 2010, Joly and Kaufmann
2008).

The situation then demands from social sciences not only that symmetry be recovered but
also that we are returned to how nanotechnology, expertise, and even the public are defined as
homogenous entities. In a meta-analysis of twenty-two studies made worldwide between 2004 and
2009 concerning the public perception of nanotechnologies, Satterfield and his colleagues (2009)
found that more than fifty-one percent of participants reported knowing ‘nothing at all’ about
nanotechnology. Similar results were found in a representative European sample (Eurobarometer
2010). The general lack of information on the matter suggests the amount of space for
nanotechnology social representations can be filled by framing effects and communication agendas.
However, these studies often overlook how science, policy, and the public as such is represented

and constructed. In short, an analysis of how the actor’s role is attributed and translated in and by
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the media is called for. There is always danger that the active influence of metaphors on technology
development could be overrated, and non-dialogical, material factors should not be underestimated.
After all, nanotechnology is a case of technoscience, where the ‘matrix of materiality’ cannot be
neglected (cf. IThde and Selinger 2003). Nevertheless, this does not prevent us from questioning
nanotechnology development as a ‘metaphorisation’ of technoscientific possibilities, policy
mandates, and societal objectives, and hence their materialisation within these complex
relationships.

The role of metaphor in the mechanism of transformation is arguably essential. Rather than
representing merely a rhetorical strategy, a metaphor is considered an inter-discursive device which
translates technical (scientific) objects and images to political and social images, and vice versa (cf.
Hellsten 2002, Knudsen 2003, Nerlich and Dingwall 2003, Low 2005). The translation concerns
how the invisible nanoscale is made intelligible to various actors by using more familiar vocabulary
and concepts. From the images of ‘landscapes’ of the nanoscale, socio-technical ‘convergence’, to
images of ‘nano as (the next) GMO’, metaphor forces the actors involved—whether scientists,
policymakers, or the public—into specific frameworks of value, meaning, and action.
Nanotechnology discourse provides an environment in which metaphors can thrive, but metaphors
may also change the environment. The previous sociological discussions should be more readily
intelligible in this perspective. The agency-structure, in particular, directs us to important questions
concerning (social) transformation: What are, in a given context, the relevant actors and
metaphorical structures? How much freedom do agents have in doing what they do as they are both
enabled and constrained by metaphorical structures? How does metaphorical structure (with its
distinctive agent-structure relationships) move to a different type of agency-structure relationship
(i.e. from a words and syntagmatics to discourse)?' The idea is not to separate the agent and the
structure—that is, for example, the actors and the policy—but to consider discourse as an
ontological link between both. The question of stability and change at the interface does not
disappear but is recomposed.

Based on the above arguments and considerations, my thesis research involves seeing the
relationship between metaphor and nanotechnology neither exclusively regarding their agentic
properties nor in their essential structural properties, but rather in terms of capacities (cf. Nerlich
2003), making sense of even the unintended forms of patterns and consequences. In this sense, we
should consider that metaphors can stabilise, reinforce, or conversely, leave the interface unstable

while opening or constraining the other transformations. The focus of my research lies in examining

' The relationship is characterised by a certain state of communication, always provisional, historically, between
different elements and levels (cf. Elias 1983; Chateauraynaud 2003: 226). At the same time, it is a transformative
patterning of social relations where rules and resources drawn upon in the production and reproduction of social action
are also the means of system reproduction (cf. duality of structure in Giddens 1984: 16-18).
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metaphors (figures) moving from conventional places, where secure, closed, and fixed knowledge is
communicated, to places which increasingly engage with dynamic metaphors, supportive of
multilayered controversies and multi-stakeholder debates on nanotechnology. More specifically, 1

am asking the following questions:

1. How are metaphors tied to specific social representations of nanoscience (nanotechnology)? Can
any particular systematic nanoscience (nanotechnology) metaphor(s) be identified in light of the

current diversity of the field?

2. How are metaphors linked to European nanotechnology policy, in particular, exploring the
antagonism, consensus, competition, and indifference of various actors? Are there any consequences

of the particular metaphor uses?

3. Which conceptual patterns are common in the representations of nanotechnology controversies in
the (local) cultural contexts? Can any particular structures (meta-structures describing types of
relations between actors and concepts) be identified? How are matters of concern in nanotechnology

discourse tackled by media?

The above questions aim to explore metaphorical patterns and structures in various scientific
disciplines (and epistemic cultures), policies, and public debates and hence there is a challenge of
studying metaphors within and between discourses. Still, even when their unique contexts are
considered, there is a space opening before us for a comparative study: to explore the differences
between those locally grounded (cultural) concepts and meanings, narratives (counter-narratives),
and discourses; not to commend one and discredit the other, but to identify their value for such a
comparative analysis (cf. Toumey 2006). The epistemic cultures may have various normative
regimes of engagement with nanotechnology, while being bound to representations of the
‘nanoworld’ (scale/future). Nanotechnology is here not only about the ‘engineer’s way of being in
science’ but also a ‘place oriented’ endeavour (cf. Nordmann 2004b, 2007a and 2008, Bensaude-
Vincent 2009, Maestrutti 2011). Nanoworld becomes a key concept (and a ‘keyword’) that could
unlock answer to the first research question and even scrutinise the ‘convergence’ as a metaphor.
The second question aims to investigate how nanotechnology is grounded in the political and
economic climate of the European Union and which has been shaped by the challenge of the
European Commission with meta-coordination of various actors. The particular role in this
challenge play ‘technology roadmaps’, that spread across policy discourse and through the
Community Research and Development Information Service (CORDIS) database. The term
‘database’ might be here misleading. The consensus about nanotechnology in CORDIS, is as much

result of the moderation of various actors, and is here taken as a reference for studying science

22



policy discourse (Am 2013). Metaphor analysis at the local (cultural) level, addressed in the third
question, should then allow to identify country-specific patterns of nanotechnology mediation and
deliver additional input for the comparative study.

As mentioned earlier, nanotechnology has been developed under a low public awareness,
and has received increased attention of the media in Europe (as the rest of the world). The aftermath
of previous controversies (GMO, Nuclear, BSE), cultural meanings and local experiences have not
only permeated media messages about nanotechnology but they have also become a strong
predictor to acceptance of nanotechnology (cf. Scheufele et al. 2009, Laurent 2007, Doubleyday
2007, Vinck 2009, Kahan et al. 2009, Toumey 2011). At the same time, it was mentioned media
processed the ‘passage of nano’ in a way not always aligned with the general interests of science or
the public (cf. Vinck 2009, Pidgeon, Harthorn, and Satterfield 2011). It is thus considered as
appropriate research strategy to focus on the media practices as such. With this additional objective,

the scope of the comparative study is extended to research on actor’s (also media) strategies.

Hype/Controversy
r 3

Case study 1

ase study 2 Science Policy Public
(Nanoworld) \  (Tech. roadmaps)  (Public debates)

Case study 3

>
Corpora with transformation points and matters of concern ¢ . .
(inflaction points and amplitudes, intersections etc.) WoS (ORDIS National media
(200 articles) (200 articles) (1,500 articles)

Figure 1.2 Data overview and outline of corpora compiled from Web of Science (WoS), Community Research and
Development Information Service (CORDIS) and the Czech, French and the United Kingdom (Newton Media,
Europresse, Factiva) media databases.

In order to model the science-policy-public interface, I chose a period between 1999 and
2015, with approximately two thousand articles on nanotechnology. The rationale behind this
choice was, with the research questions being considered, the studied period should exceed a
particular discovery, framework programme, regulatory issue, or public debate. Data for this study
was constructed as an ad hoc compiled corpus of texts and images from various sources using Web
of Science, CORDIS, and media databases (also in Figure 1.2). The media has undergone a
transformation over the years, and nanotechnology, also, has been framed within the growing
influence of electronic and, particularly, social media (Runge et al. 2013). However, the
periodisation of research, starting at the turn of the millennium, as well as feasibility of the study,
influenced my choice of traditional (broadsheet printed) media over electronic and social media.

The study of the relationship between metaphor and nanotechnology is outlined as an
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integrated methodology: a systematic corpus-based approach which sharpens its analytical focus on
‘matters of concern’ (Cooren et al. 2015), related variations in metaphorical ‘concepts’ (Lakoff
1993), and narrative ‘actantial’ model (Greimas 1983, and 1987). By combining the analytical
models of metaphor in discourse, as topological or narrative variation, I argue how these can be
used to study various controversies (cf. Cooren 2001), and how metaphors can further make
manifest the discursive formation (Foucault 1972). The above methodologies have been brought
together for getting a grip on complexity and contingency and to explain the reasons behind the
amount of discursive (and political) coordination. Just like systematic metaphors, narratives connect
actors, events (locations) and experiences which were disconnected, allowing them to become
interconnected and planned, displaying coherence, integrity, fullness, and closure
(Gottweis 1998: 33—-37). Nanotechnology discourse develops as much through sudden irruptions,
transformations, contradictions, and differences as it does through constancy or regularity.
Wherever regularities of dispersion can be found, we say there is a ‘discursive formation’ (Foucault
1972). This concept is useful to investigate in more detail within the relationship between metaphor
and nanotechnology to show (in ref. to Foucault 1972: 31-44): how any particular object of
nanotechnology discourse finds in it its place and law of emergence; how regularities in models of
governance (technocratic) become aligned with models of governmentality (knowledge and power);
and finally, how public debates are not fully regulated by subjects nor by recourse to a
psychological subjectivity as other rules and regulation of its enunciations can be identified.

The following section summarises how the research design was constructed into the
dissertation’s structure: the theoretical perspective on nanotechnology and metaphor, methodology
as an integrated approach to metaphors-in-discourse analysis, data collection and case study
contextualisation, instances of research and discussions which unfold in their respective analytical
chapters, and finally, the synthesis and conclusion. An outline of the thesis is first and necessarily a
rough overview which can guide the structure of the argument, and it is followed by the

contributions of the presented thesis.

1.2 The Structure of the Dissertation (Outline of the Thesis)
This dissertation is divided into seven parts: the theoretical setting for nanotechnology (Part I) and
metaphor (Part II), methodologies (Part III) and data (Part IV), findings with case studies (Part
V), a discussion of the synthesis of the findings (Part VI), and lastly, the conclusion (Part VII). I
provide introductions and summaries throughout the analytical parts to facilitate the workflow and
arguments as they unfold.

The first chapter (Part I) provides a discussion of what can be considered nanotechnology

discourse, as well as a discussion on the current status of nanotechnology as an issue for the social
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sciences. The chapter provides information about the larger context in which technological
development occurs. This is achieved through a presentation of the diverse body of theoretical
perspectives which follow the organisation (and morphology) of modernity, (new) production of
scientific knowledge, the sociology of expectations, critical sociology, and last but not least, media
studies. The first section aims to provide more clarity over how definitions are established. The
recognition of ambiguity in definitions and background language games is an essential part of the
social research agenda, as is the figurative language which entails hype and hyperbole, especially
language oriented towards scales, past and futures. Nanotechnology has an undoubtedly material
dimension while also being a kind of language in action which contains expectations and
uncertainties related to potential benefits and risks. A specific debate targets how resource
mobilisation influences organisation of the emerging fields alongside framing effects,
narrativisation, and discursive formation. Although metaphor theory has its own place in the next
chapter, the first lines of the argument emerge over its potential to open a door to the strategies of
relating and translating discourses where there was previously relative autonomy. This is an
important feature in a pragmatic of discourse that allows the concept of intertextuality and
interdiscursivity to be expanded into tracking systematic metaphors and discursive formation(s).

The second chapter (Part II) starts with an outline of metaphor theories and their
philosophical traditions. The overview of theories and traditions is essential for introducing the
social theory of metaphor applicable to nanotechnology discourse. The opening of this chapter
consists of subsections, dedicated to authors who brought some original perspective to metaphor, in
particular, M. Black, G. Lakoff, M. Johnson, and P. Ricoeur. These authors and their critique is
important in understanding assumptions about the nature of metaphor, especially (the introduction
of) the cognitive regime of metaphor, reflecting the phenomenon of language and thought, or
(readable in) the distinction between linguistic and conceptual levels. Each author is also discussed
in the context of implications for understanding metaphor in a social milieu (transformation thesis).
In addition, the described mechanism of metaphorical franslation is especially helpful in conceiving
figuration within a controversial dynamic such as the functional shifting between there and then and
here and now. This altogether allows a narrowing down of the multilayered and controversial
settings delineating contexts which must be taken into consideration and for methodology. The last
section discusses the research questions (Q1-Q3).

Part III offers a thorough presentation of the strategies employed in this thesis and which
are indispensable to metaphor analysis. Controversies, its indicators, and the problems related to its
measurement, have been adduced in this section as well as phases of research, which follow trends
in studying metaphor in discourse. Section 1 starts with a discussion of some of the methodological

problems related to metaphor research: occurrence, structure, and interpretation of metaphors. The
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type of register, frequency, genre of discourse, and context is argued to be an important threshold
for metaphoricity so that metaphor identification can be fitted for specific tasks and datasets. These
issues find correspondence in the methodology—presented in Section 2 as lexis, semio-narrative,
and discourse level, and as the corpus-based metaphor analysis. There are different resources for
metaphor analysis available even though studies of metaphor in discourse increasingly rely on
corpus-based approaches. The corpus-based approaches are ideally suited to investigate the use of
metaphorical expressions, and particularly, their systematicity and structures. However, a close
reading of text passages is necessary for determining the metaphoricity and setting several
limitations on corpus annotation and its validity, as well as on the feasible size of the corpus.

In the first section of Part IV, information about the material is given. Its first subsection
presents the background for the collection and corpus compilation, while the second subsection
presents a general overview of the material. In order to create a platform through which the
sciences, politics, and the public intersect, the prepared data comprises an ad hoc compiled,
specialised corpora from (1) the Web of Science corpus (science); (2) the CORDIS database
(policy) corpus; and (3) additional corpora extracted from national newspaper archives (NA) in the
Czech Republic, France, and the United Kingdom (public), with approx. 2,000 articles altogether.
The initial semi-quantitative pilot content analysis becomes paramount in light of the data chapter,
where the relative strength of transformation points and ranking appear. Nevertheless, the
quantitative overview is used only for the purposes of opening the chapter’s case studies. The
overall research design of the thesis follows a qualitative setting which can better answer the
methodological issues related to metaphor studies. Additional methodological specifications
(contextual requirements) and case study introduction are then bound to particular sub-chapters.

Partial arguments are developed in Part V through subsections which present relevant
aspects of nanotechnology discourse and the metaphors which were discovered during the analysis.
Taken together, all the analytical subsections are intended to be substantial contributions to the
interpretation of sociolinguistic data and to scrutiny of the transformation thesis. The thesis
describes mechanisms through which metaphor intervenes at the interface of science, politics, and
the public (media), but also how it emerges from different cultural and material conditions
(different nanotechnology profiles). Case studies are presented on the normative regimes of the
nanoworld (WoS), the nanotechnology roadmaps of the European Commission (CORDIS), and
nanotechnology controversies (national media). These studies represent systematic metaphoricity
which unfolds in parallel with different issues related to nanotechnology development (actors,
identities, values, attitudes, and actions). For example, (a) the nanoworld case study follows
metaphorical aspects of different laws which circulate within and between scientific domains

(scientifications), but they also extend to society. The example of Moore’s law then serves to
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describe how the social and technical effects essentially merge with each other, albeit as the
discursive formation of creative evolution translated to different scales. The technology roadmaps
case study (b) considers metaphors as strategic tools used by the EC to consolidate the science
policy model of governance. The metaphors are here being followed as a narrative of an innovation
journey to the nanoworld, and also critically examined as an institutionalised practice and discursive
formation (nano-Orientalism). The final section on (c) nanotechnology controversies then builds on
previous case studies of public debates and focuses on the position of metaphor in culture
(community), here delimited by three data sets from national media (printed newspaper):
Nanospider technology (CZ), the Grenoble model (FR), and nano-GMO (UK) metaphors. These are
each discussed in their own chapters focusing on the critical processes at the global (European)
level while evincing the often highly country-specific forms of nanotechnology appropriation,
expressed by the forms and contents of the debate and regulation at the local (national) level. The
case studies help in understanding that we are not dealing with a single system of relations and
transformations.

The conclusions from these case studies are the major contributors to the discussion in Part
VI on the relationship between metaphor and nanotechnology development. The study here
considers three types of metaphor capacities: activating, generative, and organisational, all
applicable in explaining the mechanism of transformations. All case studies serve as evidence of a
model nanotechnology development through intensive narrativisation. The nanotechnology
discourse dynamic is then critically examined against identified discursive formations (and their
root/master metaphors), reaching beyond the domains of science, policy, and public (media)—in
particular, creative evolution (Moore’s law), nano-Orientalism (roadmap), and risk/fear controversy
(ambiguity as objectivity), respectively. These formations capture the multiplicity of socially
available narratives and interpretations and where metaphors even work to create protected spaces
for technology development. In principle, media are involved in activities which contribute to the
social embedding of science and technology; their role, however, is not exclusively to defend
science or policies. The metaphor capacities and biases, socio-technical convergence and the
plurality of ontological regimes are fundamental challenges for nanotechnology assessment.

The last part (VII) offers some final remarks on the study while engaging with the complex
pragmatics of transformations, and also, with nanoethics. Subsections discuss a summary of the
findings, the limitations of the study, and provide suggestions for future research. I address the
multiple ontologies that emerge from the relationship between technology and metaphor, and
related challenges. It is argued that future studies should pay attention to the differences existing
between cultural spaces and should make sense of the varieties of ways in which representations

circulate in society. Further development of (critical) social research is suggested as a shift to
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transformative learning, aware of the potential metaphor (and narrative) capacities and biases.
These issues, which tend to receive attention only separately, require developing further our
theoretical sensibility concerning different methodological applications and support in the empirical
material. The final word follows the broader context of social science studies, especially with regard

to responsible research and innovation.
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1.3 Contributions to Understanding Nanotechnology Development

The transformation thesis is presented as a main argument on metaphors which can stabilise,
reinforce, or conversely, leave the space between science-policy-public unstable while opening or
constraining the nanotechnology development (see later argument on metaphor capacities, protected
spaces and ambiguity; T1-T2-T3 / T1’-T2’-T3’ in Figure 1.1). Based on my empirical findings, I
found metaphor not merely represents (for) something in terms of something else, not simply a new
mirror to the representation of reality; it represents and intervenes at the same time; representation

and intervention are entangled.

A B A
>
-
k Policy mandates y —
T T —
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Nanotechnology development —
Technoscientific Societal >
possibilities Ts objectives
W tp
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Figure 1.1 Nanotechnology development falls within the nexus between policy mandates, technoscientific possibilities,
and societal objectives. 4 is a top-down perspective, whereas B is diachronic.

All in all, for our understanding of metaphor and related transformations, there are arguably
three capacities to consider: activating, generative, and organisational capacity (cf. ‘metaphors-in-
practice’ in Yanow 2005; ‘generative metaphors’ in Schon 1993, or ‘flexible words’ in Edelman
1977; ‘ideographs’ in McGee 1980). The capacities increase with the metaphorical systematicity,
whereas dynamics are at their peak when a new metaphor is introduced; capacities may be weak in
dead or sedimented metaphors, but this is a rather temporary situation, based on the actor who can
use old metaphor creatively (e.g. the Frankenstein myth translated from biotechnology to
nanotechnology discourse). The essence of the metaphor’s activating capacity is based on context-
dependent novelty. This novelty includes a situation when a particular metaphor is embedded in a
counter-narrativisation or counter-argumentation (cf. Mordini 2007a), providing space to new
strategic actors (activist discourse, for example, translating images of Big Science into Big Brother).
Generative capacity can shape strategies which trigger matters of concern, translating between
definitions of issues and their (lack of) solutions. Organisational capacity is given by the size and

quality of a network and then also by metaphors embedded in narratives which assign various
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characters and their roles, such as, the aware and unaware, brave and fearful, well-informed and
uninformed, but also in terms of responsibility and legitimacy. Even though the capacities of
metaphors are placed in ideal-typical categories, this does not mean their functions are not mutually
implicated and may not be entirely consistent between actors, topics, and genres, nor that they
cannot lose their capacities if not (regularly) used. The three capacities are arguably all applicable to
the relationship between metaphor and nanotechnology, with a concomitant shift between the

metaphor of nanotechnology (composition) to a metaphor for nanotechnology (repertoire).

The first case study takes a challenging look at the regions of language use which have
systematically pursued literal expression as a norm—the language of science (and law). The way
the language of science is being purified of ambiguities and interpretive freedom (against bending
laws), it often marginalises metaphors to commentary and heuristic, or ‘gestalt’ psychology (cf.
Carnap 1959, Hempel 1965). Nevertheless, metaphors have been considered important
methodological tools in both the construction and critique of legal and scientific theory—ranging
from persuasive writing to scientific models (cf. Black 1962, Hesse 1966, Knorr Cetina 1981,
Nerlich and Hellsten 2007, Gentner and Jeziorski 1993). In line with these authors and a position
favouring a perspective wider than ‘ornamental’, science may be challenged and even counterfeited
by figures (metaphors) which compete in degree of predictability and guide researchers and
engineers as if they represented laws and theories. The dissertation, moreover, uses a normative
regime concept to point to the integrity of nanotechnology discourse. It shows how the figures
which circulate within scientific domains extend to society (uncovering human perspective) through
numerous translations and formation of discourse (cf. Foucault 1972). It is argued creative
evolution is a discursive formation that yields tremendous imaginaries and is scalable to every
dimension it reaches through the root metaphor of the Moore’s law (as a worldview, and rational
civilisation model, cf. Eisenstadt 1973, Arnason 2010). The creative evolution through its
metaphors carries specific visions, attitudes, and actions that are hereafter argued as being more

than cognitive or image schematic.

The second contribution is in policy analysis and the study of nanotechnology governance,
highlighting the role of technology roadmaps in policymaking; also understanding the emergence of
a specific power regime of governmentality (Foucault). STS scholars contributed significantly to
characterising technology roadmaps as generative metaphors (Rip 2012), consensus building
narratives (Berker and Throndsen 2017), and forceful fictions (van Lente 2000). They did not
however fully explain how nanotechnology roadmaps are established in the policy discourse
dynamic. My analysis necessarily complements their work by addressing how the regulatory regime
emerges as an alignment between the nanoworld, the narrative of an innovation journey, and the

discursive formation of nano-Orientalism (cf. Said 1978, or Harley 1989). This can also explain
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how policymakers take metaphors and related stories as figuratively ‘true’ as the alignment
establishes qualifying roles, collaboration models, resource mobilisation, grant -eligibility
conditions, etc. By deconstructing metaphors, narratives, and discourses together, I demonstrate that
the cartographic representation of locations, events (in the future), and actors are not a neutral or

innocent form of knowledge, but representations of power in their deeper cultural-cognitive setting.

In national media, I show how various actors metaphorise matters of concern, introducing an
important dynamic in the evolution of nanotechnology controversies. Metaphors create a link
between individual agency, local experience and more durable images, imaginaries, and collective
archetypes—becoming integral part of the various dispositives of nanotechnology acceptance. This
includes the relationships of animal-machines, institutions, or public debate on genetically modified
organisms (GMOs) with deeper cultural knowledge of progress and crisis. The thesis here
subscribes to the social theory of metaphor and its meaning-generating mechanism, which
nevertheless produces ambiguous terms that actors use to fulfil agendas and that can later resurface
as conflicting. In that case, translations become treasons for some actors (Cooren 2001: 197). For
media, however, this represents a genuine resource. Debates over sensationalism, up-to-dateness,
and unequivocal clearness tend to dominate discussions of scientific controversies in the media (cf.
Weingart et al. 2000, Furedi 1997). But these debates also seem to obscure the important issue of
strategic ambiguity. In other words, maintaining the ambiguity is a major media strategy in creating

conditions which ensure the multiplicity of socially available narratives and interpretations.

I provide evidence that the metaphorical perspective is essential in closing the distance even
between incongruent positions which extend the nanotechnology discourse and which can work
towards creating protected spaces for technology development (cf. van Lente 1993, Rip 2011). In
this sense, religious discourse is not juxtaposed as a techno-critique either (cf. Toumey 2011,
Scheufele et al. 2009) but extends its symbolism to advance visions of science, technology, and
society. Metaphors also represent a genuine resource to be exploited by inserting ambiguity as
objectivity in reporting (cf. Eisenberg 1984, van Dijk 1997, Oreskes and Conway 2010), and
therefore intervene differently into public debates. The dissertation concludes that metaphor is not a
neutral resource to be freely exploited, but rather it has significant social, ethical, and legal
implications for the actors who use it. The metaphor capacities and biases, sociotechnical
convergence, and the plurality of ontological regimes are fundamental challenges for the
assessment of nanotechnology. Being aware of it, we should work towards unmasking the social
fabric of both their purposeful and unintentional use as well as wherever they emerge. Rather than
disorienting the agent, the capacities of metaphor should be mobilised for transformative learning

and increased reflexivity in future dialogues over emerging technology.
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Part I Nanotechnology Discourse

Chapter 1. Nanotechnology Definitions, Organisations, and Resources

We are powerfully imprisoned in these dark ages simply by the
terms in which we have been conditioned to think.
Cosmography (1992) by Buckminster Fuller

In 2007, an article published in Le Figaro speculated about the impossibility of a new Nobel Prize
category for nanotechnology.? The article did not debate to whom the Nobel Prizes should be given.
The author considered instead what in the nature of discoveries would qualify as nanotechnology
when related research is traditionally awarded in chemistry, physics, and medicine. A decade later,
a 2016 prize was awarded for ‘the design and synthesis of molecular machines’ to Jean-Pierre
Sauvage, Fraser Stoddart, and Bernard Feringa in chemistry. In the language of the Nobel Prize,
nanomachines do but nanotechnology (nanoscience) itself does not exist. Is nanotechnology the
same, even partially, as physics or chemistry? The answer to that question depends on one’s
perspective. According to Bernadette Bensaude-Vincent (2009), nanotechnology is a
‘technoscience’ as it embodies the ambitions of both the scientist and the engineer, and as Nobel
laureate and chemist Richard Smalley claims, ‘nanotechnology is the builder’s final frontier’ (cited
in NSTC 1999: 1, also in Lopez 2004: 133). The claim from traditional science disciplines is
particularly strong, as Philip Ball (2003), a science writer for Nature, noted, ‘The debate about the
ultimate scope and possibilities of nanotech revolves around questions of basic chemistry.’
Similarly, scientist Nicolas J. Goddard argues that people seem to ‘have missed a point about
nanotechnology. We chemists have been doing this stuff for years. It is only since physicists started
muscling in that the subject had to have a fancier name’ (Sainsbury et al. 2003). Hence, the
technoscience perspective thrives as not only chemists but also physicists and even (physical)
biologists reclaim their identity through various achievements: ‘DNA and proteins have dimensions
of nanometres and, as molecular biologists can manipulate these molecules, they can surely call

themselves nanotechnologists, should they wish to do so’ (Broers 2005). However, it is exactly the

2 ‘Le Nobel de nanotechnologies n'existera pas’ (Nobel prize in nanotechnology won't exist) in Le Figaro, October
2007.

3 Biologists can address their identification with nanotechnology in attempts to mimic feats of nature where molecular
‘machines’ drive our muscles and transport cargo around cells, among other things, says Paul Rothemund, a research
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same technological feat that makes nanotechnologists (and nanoscientists) distance themselves from
chemists and biologists (cf. Munchi 2007: 434). For example, ‘we can look at how substances fit
together and see in reality what chemists had known before only in theory’, writes science journalist
Fiona Harvey, ‘and by shaping how things are formed at a fundamental level, scientists
[nanotechnologists] can create a whole new class of substance: nanomaterials’ (Harvey 2001).
Everyone is drawn in as the figures nanotechnologists evoke (like machines and DNA) cover all the
classical natural science and engineering disciplines. This has one significant consequence which
points to the emergence of a nanotechnology discourse.

We enter nanotechnology discourse before we even find agreement on what and if
nanotechnology is. Nanotechnology discourse has been built on various technology myths and
established its own myths of origin long before it left the laboratory—in Foucauldian terms, it has
its own historicity. For example, Richard Feynman’s 1959 talk, ‘There’s Plenty of Room at the
Bottom’, is often considered to be the origin story (a pourquoi story) of nanotechnology: ‘The
principles of physics, as far as I can see, do not speak against the possibility of maneuvering things
atom by atom. It is not an attempt to violate any laws; it is something, in principle, that can be done;
but in practice, it has not been done because we are too big.” This vision preceded events like the
invention of the scanning tunnelling microscope. And even if we cannot be utterly sure Feynman
inspired scientists to do things they would not have done otherwise, his talk has been retroactively
read into the history of nanotechnology. Taking the example of the father of modern genetics,
Gregor Mendel, Foucault showed that inconsistencies occurred. Mendel spoke the truth, but he was
not in the truth of the biological discourse of the time—biological objects and concepts were
formed by other rules (cf. Foucault 1990/1992: 24). Similarly, Richard Feynman spoke the truth,
but he was not in nanotechnology discourse yet—nanoscale objects and concepts were constructed
by other rules, and in particular, they were formed by the electron and scan tunnelling microscope.
As in the case of Mendel, a whole new sort of objects in nanoscience had to be developed in order
to allow Feynman to enter the truth and his statements be proved (to a great extent) correct.

In the following part, I will attempt to maximise the scope in which nanotechnology
discourse expands through definitions and mobilises material and rhetorical resources into various
organisational structures. The definition of nanotechnology as such is a subject of controversy due
to the lack of clarity or understanding of what it is and which surpasses the domains of science and
engineering. As nanotechnology develops at the interface between science, policy, and the public, it
accomodates accompanying language games. Technoscientists, leaders of business and industry,

policymakers, fiction writers, political activists, the general public, and, last but not least, social

professor at the California Institute of Technology, in Pasadena: ‘A biologist might use DNA “origami” to take proteins
that occur separately in nature and organise them into a multi-enzyme factory that hands a chemical product from one
enzyme machine to the next in the manner of an assembly line.” (Highfield 2006)
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scientists all draw boundaries on issues relating to nanotechnology, which effects the definition of
the field. Nanotechnology development within these boundaries of discourse is dependent on the
mobilisation of various resources, ranging from material to rhetorical. It has organisational aspects
which correspond to expectations, projects of modernity, but also to techno-critique and
multilayered controversy enframed by media practices. These symptoms and morphologies,
inseparable from nanotechnology discourse, will be investigated through various sociological
theories and instances of social science research. Thus, the following excursions may seem stranded
from metaphor studies at first. However, establishing theoretical framework for nanotechnology and

pointing out their inter-relationships should prepare ground for the social theory of metaphor.

1.1 Nominal, Real, Teleological, and Metaphorical Definition of Nanotechnology

It should be made more clear that social sciences are not outside definition-making practices, nor
can they can be held responsible for ensuring there are clear definitions of nanotechnology.
However, they should provide more clarity over how definitions are established. In doing so, I will
follow nanotechnology definitions in a critical way and review the often conflicting interests in
definitions. The recognition of ambiguity in definitions and background language games is
therefore an essential part of my agenda, as is the figurative language which entails hype and
hyperbole, especially language oriented to scales, past and future. This is as important since a
specific debate should target how definition-making influences reconfigurations of the emerging
fields alongside these dimensions. Only then can we have a meaningful discussion about
nanotechnology development and relate to questions aimed at the transparency and openness of
uncertainties as well as claims about the potential benefits and risks.

Nanotechnology emerges, as I want to argue, in the context of three definitional approaches.
It first arises through a normative definition characterised by dictionary formula; second, the
labelling of particular material and practical instances we find in reality, that is, real examples or
occurrences; and last, by (trying) answering a teleological question: What are the emerging
technologies (nanotechnology) for? Such an approach allows the investigation of multiple aspects
of the phenomena. It is, nevertheless, equally problematic and these definitions raise specific
questions of their own. The multitude of boundaries drawn by definitions often leads to contrasting
perspectives on the content and no single definition can encompass the complex research
disciplines, policy, and public realms which nanotechnology signifies (cf. Woodhouse 2004). By
stretching definitions too wide, social sciences have raised awareness of claims that nanotechnology
is not a specific technology, but an empty signifier without any real content (cf. Wullweber 2008).
This perspective is controversial but also allows even the most radical social constructivist

perspectives. Far from liberating us from the unquestionable existence of different material realities
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and social practices, the argument on signification permits the positioning of the metaphorical

definition.

1.1.1 Nominal Definition: Implications for Nanotechnology as a Legal Field
In a traditional sense, nano, the Greek word for dwarf, refers to the size of a nanometre, one

billionth of a meter. It would seem the reference to the scale provides the necessary and sufficient
conditions which technology must meet to be called nanotechnology. For example, ‘at least one
dimension of a nanoparticle or the relevant length scale of an exploited phenomenon must lie
between 1 and 100 nanometres (nm) long’ (NNI 2014). While nanotechnology was initially defined
by this scale, there has been little consensus on a universally accepted nominal definition of
nanotechnology. All in all, there have been at least five characteristics central to the question of the

nominal definition (Hodge et al. 2007: 10):

1. Size—from around 100 nm down to less than 0.1 nm.

2. A range of technologies—imaging, measuring, modelling and manipulating matter.

3. Multidisciplinarity—physical, chemical, biological, etc., with each being purposefully
‘engineered’.

4. Size-dependent novel properties and functions.

5. The control and purposeful manipulation of matter at the atomic scale.

All these nominal definitions create space for normative regimes of nanotechnologies in the
sense of various legal fields, such as the ethics concerned with duties and rights (deontology),
technical standards, or any other more or less structured standards. This includes the laws which
consecrate nano as a legal term, such as patent law, but also in terms of the obligation to declare any
substance in ‘a nanoparticle state’ (Lacour 2011 and 2013). The nominal definitions have
historically created a perimeter around nanotechnology as a legal field which has also expanded into
various ‘codes of conduct’ (cf. NanoCode or NanoNorma). The codes of conduct were among the
first nano-specific EU legal measures and have aimed at overcoming the limitations of defining
nanotechnology (and nanomaterials), such as in REACH.* Other measures have been initiated and
developed within policy frameworks such as the European research project Nanosafe (2003-8), led
by the CEA (former Atomic Energy Commission). The European Commission, in particular, has

funded a set of projects on nano-security, coordinated in the EU NanoSafety Cluster under the

4 Regulation (EC) n 1907/2006 concerning registration, evaluation, and authorisation of chemical substances (REACH),
and restrictions applicable to these substances as a regulatory directive for chemical substances sought to establish a
high level of protection for human health and environment while ensuring the free circulation of nanomaterials within
the common market. However, the implementation of nanomaterials as any chemical substance (within REACH) has
been alarmingly criticised due to the fact that size of nanoparticles as well as their shapes matter in assessing the
properties of nanomaterials (such as toxicity).
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Seventh Framework Programme for Research and Technological Development and the Horizon
2020 programme. In these nanotechnology regulations, the precautionary principle remains a
fundamental argument for the absence of any additional regulation.

There are several points of interest for social science. Measurement has a crucial role as it
involves the assessment of geometrical features of size, shape, and roughness at the nanoscale—the
study of which is a field called nanometrology with devices requiring a high degree of accuracy and
reliability in nanomanufacturing becoming the backbone for nominal definition. These devices,
however, also serve as inscription techniques which construct nanomaterials as a phenomena (cf.
Bachelard 1953 and his concept of phenomenotechnique). The nominal definition then not only
concerns the characterisation of new sample structures and characteristics but it is also mobilised to
provide objective status for the definition of nanotechnology as a field. Moreover, the nominal
definition has become prevalent in public discourse because it is easier for scientists and engineers
to communicate to a broader public without much scientific literacy, and it avoids explicit discourse
about the norms and values of the technology (cf. Schummer 2009: 268, Bassett 2017: 4). The
social sciences follow the nominal definition in terms of its implications for (legal) agenda setting
as it creates obligations for different social actors such as patent examiners, policy and lawmakers,
fund contractors, etc. (cf. Lacour 2011) The patent examiners, in particular, are confronted with the
nominal definition and its limits and may lack vocabulary when it comes to emerging technologies.
The nominal definition is here responsible for the tendency towards the use of neologisms coined
with the nano- prefix for different kinds of research, sometimes of former micro-technologies,
which now fall under nanotechnology (cf. Bassett 2017).> It also means that this research is, from
that point on, funded as nanotechnology. As the term gains currency, more companies want to use
it, making it difficult to discern whether there is real nanotechnology content or just companies
eager to leap aboard a bandwagon (and put ‘nano’ as a prefix on their work). Such a social practice
is rather underexplored in social science research but points at the essential strategic interest of
various actors in nominal definition. In other words, the nominal definition delimits the space of
social practices which, as such, become an object of ongoing controversy regarding the boundary
work within and between related social fields, not limited to scientific disciplines but more

generally all actors being involved with their collective agendas.

1.1.2 Real Definition: Latent, Evolutionary, and Revolutionary Nanotechnology
The real or substantive definition refers to a list of specific research topics which usually appear

under the umbrella term nanotechnology in research centres, governmental research programmes,

nanotechnology conferences, but also nanotechnology journals, media, and policy documents. Or

5 Improvements and advances in current R&D are sometimes attributed to nanotechnology just because size-reduction
techniques have brought one, two, or all three length dimensions into the neighbourhood of 100nm.
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put differently, nanotechnology is what people do when they engage in practices together with other
people and their instruments, in specific places and at a specific time, ranging from nanoelectronics
to nanomedicine, and so on. The variability of practices and the profile of nanotechnology actually
differs in time and space (communities and countries).

Historically, nanotechnology has already made it onto the market and is suddenly
everywhere in technoscientific circles. This is, in most cases, so-called incremental (also latent)
nanotechnology which has fuelled much hype and continues to do so (Munshi et al. 2007). It
involves improving the properties of many existing materials by controlling their nanoscale
structure, size, and shape—incremental thus means simply making substances very small, for
example, the ultrafine clays and oil particles used in cosmetics for better skin, plastic materials
reinforced with carbon nanofibers that are stronger and lightweight, better lithographic techniques
fit for the development of integrated chips, and so forth. These represent significant improvements
on what has been done before; however, they do not really represent a decisive break from the past
(Jones 2004). If one sticks to incremental nanotechnology, one will not perceive any new ethical
issues because there is nothing new about nanotechnology other than the name. Nanotechnology is
‘hidden’ behind gradual changes in technology. The companies making significant investments in
nanotechnology are ones that already have vast experience in the technology sector, such as BASF,
Dow Chemical, DuPont, General Electric, Hewlett-Packard, IBM, L’Oréal, and many others.
Incremental nanotechnology as an innovative activity is difficult to measure, especially on the
consumer side, and hence is practically invisible.

Evolutionary nanotechnology has features which cannot be explained merely by size-
reduction (Munshi et al. 2007). With evolutionary nanotechnology, we move beyond simple
materials which have been redesigned at the nanoscale to actual nanoscale devices that do
something interesting, for instance, a new generation of biomimetic, smart, or otherwise functional
materials. Such devices can, for example, sense the environment, process information, or convert
energy from one form to another. These include nanoscale sensors, which exploit the huge surface
area of carbon nanotubes and other nano-structured materials to detect environmental contaminants
or biochemicals, or a new generation of organic and polymer-based solar cells. Other products of
evolutionary nanotechnology are semiconductor nanostructures, such as quantum dots and quantum
wells, which are being used to build better solid-state lasers. Scientists are also developing ever
more sophisticated ways of encapsulating molecules and delivering them on demand for targeted
drug delivery (Jones 2004). Although evolutionary nanotechnology is highly based on the
projections of laboratory experiments and still awaits commercialisation, it invites the development
of realistic scenarios for future markets. Evolutionary nanotechnology, however, represents a small

fraction of what many see as the substantial longer-term economic and societal promise of
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nanotechnology (Sargent 2011). As Clayton Christensen writes in The Innovator’s Dilemma (1990),
sustaining technologies improve existing products and disruptive technologies replace them.

With radical (also revolutionary) nanotechnology we experience an almost surreal gap
between what technology is believed to promise and what it actually delivers (Jones 2004). It
represents the most extreme visions of nanotechnology, some of which continue to be inspired by
Richard Feynam’s (1959) vision of ‘manipulating and controlling things on a small scale’. Eric
Drexler, an MIT engineer, adopted this vision into the concept of molecular manufacturing, which
is considered the ultimate goal of nanotechnology among certain groups of technoscientists (Drexler
1992). Twenty-seven years later, Drexler, in his report Radical Abundance: How a Revolution in
Nanotechnology Will Change Civilisation (2013), presents us an updated version of his vision, the
central theme of which is to take pre-emptive action. At the international level, we have to prepare
for the disruptions, that is, ‘falling demand for conventional labor, resources, and capital in physical
production, with the potential for cascading disruptive effects throughout the global economy’, as
well as ‘disruptions in supply chains, trade, dependence, and the revaluation of assets, e.g. mineral
resources and large industrial facilities, for example, which will lose much of their value’ (also in
Pamlin and Armstrong 2015: 118). Technoscience scholars envision radical nanotechnology as one
which evokes the wildest of dreams, comparable to ‘modern alchemy’, even returning us to the
‘world of fantasy and magic’ (cf. Nordmann 2007a, Maestrutti 2011, Bensaude-Vincent 2009 and
2014).

The real definition finds its counterpart in social research, perhaps the most developed in the
social sciences, ranging from scientometrics, surveys, interviews, to ethnography. It is dealing with
measurement and the analysis of growth and trends (Braun et al. 1997), nanotechnology
interdisciplinarity, patterns of collaboration, publications (Meyer and Persson 1998, Schummer
2004, Shapira et al. 2010), actor networks (Selin 2006), patent scientometrics (Hullmann and Meyer
2003), innovation landscapes (Sampat 2004),° and ethnographic investigations of laboratories and
other specific sites of scientific activity (Fogelberg and Glimell 2003). A specific brand of social
research focuses on ‘real’ practitioners of nanotechnology, where researchers and engineers must
navigate between different regimes of communication, complex mental representations, and
dynamic social interactions (cf. Ball 2002). Ethnographies can look at how speech, gesture, and
objects are used to construct meaningful activities and identities. For example, the ethnographic
study of Fogelberg and Glimell (2003) focused on a group of nanophysicists and how they organise

and represent themselves when coping with a never-ending transition or flux, where the making of

¢ Economic reports and surveys are made on a regular basis, such as those published by Lux Research, Inc., looking at
the valorisations of research and global government spending on nanotechnology (cf. Lux Research 2013). Similarly,
Merrill Lynch, a major financial company, published the Nanotech Index to help investors keep track of companies
dealing with nanotechnologies.

38



identity seems to violate as much as obey institutional bonds and affiliations (Fogelberg and
Glimell 2003: 10-12 and 115-37). In contrast to many claims and hopes, the lack of particular
interdisciplinary collaboration between various research fields indicates it might indeed be
appropriate to speak of nanotechnologies (plural) rather than of one nanotechnology field. This may
have consequences on measuring perceptions, attitudes, and actions such as government support
and (local) resistance (cf. Schummer 2007: 3). As I intend to show in this thesis, however, the
singular nanotechnology is equal in reference to discourse. Whereas the plurality becomes an exact
point of departure for technological and even social convergence and the objective of identity
politics, when speaking of nanotechnology in the singular, the speaker forces together the
accompanying and often incongruent historical developments as well as evokes future scenarios and

expectations of development.

1.1.3 Teleological Definition: Imag(in)ing Nanotechnology’s Past, Present, and Futures
Nanotechnology is not only defined by the nanoscale or scientific and engineering practice that

show past and present achievements, but also visions of what it may become, in an entanglement of
imaging and imagining (cf. ‘non-presentism’ in Mody 2004, also Schummer and Baird 2006,
Toumey 2008, Ruivenkamp and Rip 2011).” Nanotechnology is here defined according to declared
ends, purposes, and prospective goals (from the Greek word telos). For example, nanotechnology
has been named alongside nuclear war, ecological catastrophe, and super-volcano eruptions as
‘risks that threaten human civilisation’ (see a report from the Global Challenges Foundation in
Pamlin and Armstrong 2015: 114-19). Another belief about nanotechnology is that it can boost
innovation and whole economies, providing a unique industrial opportunity.® It permeates all areas
of life and concerns all branches of industry: medical and pharmaceutical systems, agricultural and
food production, transportation as well as building trade, and last but not least the military (Schwarz
2004: 203). It thus emerges as a specific language from tensions around boundaries between reality
and fiction (hyperreal): in and out of control, development and disaster, human and post-trans-
human, and so on. Various groups reinforce these tensions, including futurologists, software
engineers, investment consultants, religious groups, non-governmental organisations, governmental
agencies, and the like. As such, nanotechnology discourse spreads across different genres, from
origin myths and political speeches, to conference proceedings, fiction literature, computer games,

films, etcetera. Altogether, these form around nanotechnology a distinct configuration(s)

7 Nanotechnology, in contrast to, for example, physics and chemistry, ‘seems decidedly non-presentist’ and that
‘nanotechnologists work as much in this future world as in the present’ (Mody 2004: 108).

8 cf. ‘Science and Technology Policy: Nanotechnology’ by the Organisation for Economic Cooperation and
Development (OECD 2015), website at www.oecd.org/sti/nano; or ‘Vision, Goals and Objectives: NNI Strategic Plan
2014, by United States National Nanotechnology Initiative (NNI 2015), website at http://www.nano.gov/; or ‘Research
and Innovation: Key Enabling Technologies’, by the European Commission Directorate General (ECDG 2015), website
at http://ec.europa.eu/research/industrial technologies/policy_en.html
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represented by values, like health, wealth, and security as well as relative attributes, like smaller,
faster, harder, cheaper, and so on. The teleological definition thus relies on symbols and references
to pasts, presents, and futures in terms of what nanotechnology means socially, politically, and
culturally.

The teleological definition should not give the impression that it is centred around the
rhetorical dimension or separated from material practices. It revolves around imaginaries as well as
specific technology projects (cf. sociotechnical imaginaries as specific projects in Jasanoff et al.
2008). These are not merely visions, but imaginaries materialised in government-funded initiatives.
For example, the fechnology convergence or the NBIC (nano-bio-info-cogno) acronym here
represents research practices which leave their traditional disciplines and also a metaphor for the
popular belief that nanotechnology will make nearly anything possible (cf. Kurzweil 2006). It can
be understood not only as an evolutionary stage but agenda-setting, advanced by the National
Science Foundation in the United States (Roco and Bainbridge 2001) and CTEKS in Europe. As a
strategic policy, convergence becomes incorporated into identity-building projects which seek to
reimagine what a nation or community represents (cf. Jasanoff 2005, and a later chapter in this
thesis on nanotechnology policy). Developed countries especially invest in keeping a competitive
nanotechnology portfolio state of the art, from catching up with others to leading whole sectors.
This can hold true, yet in some cases, technologies can also undermine economies and entire
industries. Introducing new technology can make raw material supply from developing countries
obsolete or it can suddenly change the demand for materials (e.g. replacing precious metals, natural
dyes, plastics, etc.). The teleological definition of nanotechnology should thus be understood as
introducing metaphors for convergence as well as a new societal gap between developed and
developing, between aware and not aware, supporting and opposing (cf. Stiglitz and Greenwald
2014)—this scenario has been described as a ‘nano-divide’ (Schummer 2007a). Far from liberating
us, modern technology is envisioned in conservative not revolutionary forces (Edgerton 2006: 159,
see also Horkheimer and Adorno 1972, Horkheimer 1974). This has consequences for social
sciences as old power relations are transmitted through new technology, even the most ‘radical’
ones. The teleologies not only strongly colour the definition of nanotechnology but also social
science research.

The response of social sciences to various teleologies has been shaped by the
transdisciplinary initiatives of social scientists and professionals from the related fields, such as the
Society for the Studies of New and Emerging Technologies (S.NET), formed by STS scholars from
across the United States and Europe, and the emergent academic journal NanoEthics, devoted to the
topic since its founding in 2007. Nanoethics, or the study of nanotechnology’s ethical, legal, and

social aspects (ELSA), is an emerging field of research which takes into account various issues (cf.
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Moor and Weckert 2004, Lin and Allhoff 2007). The legitimate subject matter extends to anything
that can meaningfully contribute to the discussion (cf. the editorial section in the journal
NanoEthics by Weckert 2012: 153). For example, the social sciences began to notice
nanotechnology, in its trans- and multi-disciplinarity as well as in its cultural landscapes (such as
between developed and developing countries), poses a problem of adaptation to cultural diversity
and represents a challenge of ethical relativism (cf. Schummer 2009: 278). Still, the ethical and
social dimensions remain under-researched in the social sciences due to scientific and technological
complexity, and also in the sense that there is necessarily a time gap between the development of a
field and participation by social scientists, and funding limitations (cf. Bennett and Sarewitz 2006).
Related to that, there are limitations in the policy models for nanotechnology which capture the
complex interactions between various actors (cf. Rip 2006, Toumey 2006, Doubleday 2007, Laurent
2007, Ruivenkamp and Rip 2011, Chateauraynaud 2009, Vinck 2009 and 2011, Vernant 2014).
Finally, it should be more evident that focus on teleologies must make it possible to transcend the
boundary between real (i.e. existing) and fictional accounts, and therefore, to consider structural
elements such as narratives and metaphors. Next, I will focus on how the definition of
nanotechnology relies on metaphorical elements and include, in particular, scenarios and narratives
of crisis. I will point out how the metaphorical definition expands the previous definitional
approaches, especially reflecting the particular regime of times and modes, including actors and

various social representations of nanotechnology.

1.1.4 Metaphorical Definition(s) of Nanotechnology: There and Then and Here and Now
Incremental, evolutionary, and radical nanotechnology, as a heuristic introduced by Wood et al.

(2003), may be useful for investigating the transition between existing and expected
nanotechnology but also in indicating a range of visibility. On one hand, nanotechnology has been
recognised 1in past and present scientific and engineering achievements. On the other,
nanotechnology is a latent unestablished practice—at least with the exception of imaginations of
futures and past experiences as a practice. The above definitions are thus useful ideal types because
they reflect what is already here and what is expected, capturing different levels of the
interiorisation of past and future and the elaboration of technoscientific projects. The further in time
we move forward with the projections, the more revolutionary nanotechnology emerges. An
additional perspective on definitions could yet strive for more symmetry and place on an equal
footing these various practices of materiality and imagination, that is, ‘prophecy’, ‘dream’ and
‘sober reality’ (cf. Chateauraynaud 2009: 27 and 2012: 100). In the following part, I will attempt to
argue how metaphorical definition achieves this, and how it even allows repositioning of nominal,
real, and teleological dimensions.

It has been noted that the nominal definition has become prevalent in public discourse
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because it is easier to communicate to a broader public without much scientific literacy, and it
avoids explicit discourse about the norms and values of technology (Schummer 2009: 268).
However, the nominal definition is not more comprehensible for the sheer reference to the
nanometre scale alone but the figurative language that is attached to it, such as analogies to ‘smaller
than the width of a human hair’ as well as metaphors of ‘landscapes’ and ‘little people’ (cf.
Nordmann 2007a Mordini 2007a). These truly enable the communication of nanotechnology and
replace the need for scientific literacy. Here also, studying the nominal definition should be
sensitive to the potential influence of metaphors (and analogies) to the implementation of
nanotechnology norms (also laws) and policies. The metaphorical definitions related to scales not
only translate information on the invisible but arguably also the benefits and risks of nanoscale or
the nanoworld.

The real definition is no less permeated by figurative language as is the identity of
practitioners and the various objects. The real definition and the related debate on the metaphor of
‘technological convergence’ however captures how nanotechnology is covering almost all modern
technologies and becomes perhaps too all-encompassing to be meaningful (cf. Wullweber 2008).
Analysing nanotechnology as an object of identity politics here marks the most challenging moment
for social science research. Assigning the identity and boundary work which happens through
common boundary objects and related disciplines can have multiple effects, however. Moreover, as
researchers establish various sociotechnical imaginaries (incl. projects) and draw boundaries, it is
essential to study the identity of the objects and the actors themselves. The mechanisms of
metaphorical transference here reach the construction of nanoscientist identities, but also pro- and
anti-nano movements, policymakers, and the public.

Finally, social science research approaches teleologies to indicate a certain state of non-
presentism which can even hinder us from assessing technologies effectively or discounting the
based decisions as illegitimate. This is more pressing as we get familiar with the speakers
presenting nanotechnology development as inevitable ‘fact’. In other words, nanotechnology will be
(or is already) here (cf. pas encore la and déja la as temporal modalities in nanotechnology
discourse in Chateauraynaud 2006, 2009, 2011 and 2012: 98-99)—everywhere in our society. We
must deal with the omnipresence economically, socially, and culturally. We cannot deny it, delay it,
or ignore it as it is already happening—a matter of fact shifts into the matter of concern (cf. Cooren
2000). What should be done becomes as important as imagining what could be done. In particular,
the principles of precaution and anticipation themselves work as metaphors that shift into various
modes of temporality (Chauteauraynaud 2012: 100). If ‘manufactured nanoparticles, measuring just
billionths of a metre across, should be treated as if they were new substances’ (Sample 2005), a

case by case scenario then represents the feasibility issue of keeping up with innovation before
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regulation. Similarly, labelling nanotechnology on behalf of previous controversies marks
metaphorical mechanisms. For example, many people believe that GMO is a technical term which
carries a large significance for interpreting the safety of food. However, translating GMO and nano
into the metaphor of ‘nano as (the next) GMO’ or ‘Frankenstein nanofood’ may be an oversight of
the common frame. Mihail Roco, a scientist, advisor at the National Science Foundation in the
United States, and proponent of nanotechnology, responded to the transferential techno-critique of
nanofood: ‘If you say nano-structures are dangerous, then you can’t eat anything’ (Cressey 2013).
Physicist Frans Kampers also argues that ‘food is naturally a nanostructured material’ (Lang and
Kampers 2013).

In sum, how we define nanotechnology metaphorically is never truly separated from
modalities of time and space, that is, shifting between the there and then and here and now of
various locations, events (actors), and structures. The metaphorical dimension should be recognised
as inseparable from vision of scales, past controversies, and future prospects as well as all the socio-
ethical challenges which nanotechnology could engender as the transference of images within and
between discourses. To outline the mechanism with its possible implications, we can review a few

additional examples of metaphorical definitions which target nanotechnology.

1. The next Big Thing (Uldrich 2003, or Drexler 2013)

Many believe that nanotechnology is the next big thing. ‘We believe nanotechnology could be the
next growth innovation’, said Steven Milunovich, Merrill Lynch’s global technology strategist.
Depending on whom you ask or interpret, however, nanotechnology might be the next big thing, but
also the next Big Brother (as compared to Big Science), the next asbestos, or the next GMO.
Scientists and policymakers are rather desperate to avoid nanotechnology becoming the stage for
the next big showdown between science and society. These are all relevant meanings of the next big

thing metaphor.
2. The Janus face of nanotechnology (Adam 2012)

The chair of nanomedicine at the University of London, professor Kostas Kostarelos, looks to
ancient Rome to make a modern point: ‘Like Janus, the Roman god with two faces who looked
simultaneously forwards and backwards, scientists working on nanotechnology, and society more
broadly, need to consider the “dichotomy” of the technology . . . . Nanotechnology could be seen as
a scientific marvel or a health hazard ... it could offer the dream of tiny “machines” to fix
individual cells, or the nightmare of asbestos-like particles stuck in the lungs. “We need to
understand there are these dichotomies . . .. And we must avoid hype, both positive and negative’,

he said to a science correspondent during 7he Guardian (media) panel.
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3. Nanotechnology is necrotechnology (Alberganti 2006)

When nanotechnology got branded by activist discourse as necrotechnology, it refers to
nanotechnologies that originate in the ‘laboratory [to impose] artificialisation of the world—
vampirism of technical system on ecosystem’ (le Hir and Cabret 2005). The term
‘necrotechnologies’ was coined by Jean-Pierre Berlan, an economist at the National Institute of
Agricultural Research (INRA) and an anti-GMO activist, to pinpoint what he considers the true
identity of biotechnologies. French opposition to nanotechnology has then taken up this neologism

to name a set of new technologies including nanotechnologies (Joly and Kaufmann 2008).
4. Nanotechnology is an empty (floating) signifier (Wullweber 2008).

The empty signifier is intimately connected with the argument that the term nanotechnology is too
broad to be meaningful (Wullweber 2008). An empty signifier is a hybrid of universality and
particularity. Social forces struggle to launch such signifiers and to fill their content (Laclau 1996).
The metaphor is used to denote that nanotechnology is a signifier without referents and is a word

that does not point to any actual object and has no universal, agreed upon meaning.
5. Nanotechnology is noumenal technology (Nordmann 2005).

Noumenal technology, as Alfred Nordmann uses the term, appears to be a contradiction:
‘Technology is a human creation that involves human knowledge and serves human needs; this
firmly roots it in phenomena and it appears absurd to speak of technology that exists beyond human
perception and experience among the things-in-themselves ... Noumena are distinct from
phenomena. While the latter are the things as they appear to us and as we experience them, the
noumena are the philosophically infamous and mysterious things-in-themselves’ (Nordmann 2005:
1-6).° The metaphor here signifies a certain collapse of distance, a world that is not directly

accessible to our senses, like atoms or molecules.

The few illustrative examples by no means represent all nuances on the scale of opinions,
but effectively show how defining nanotechnology figuratively shifts between neutral, positive, and
negative, but also points to the referents and actors who utter them. It captures rather well how
metaphorical definitions emerge within various contexts and how metaphorical language constitutes
hype, fears, and public backlash, even establishing connections with different controversies. In
particular, if we give weight to the empty signifier argument (Wullweber 2008 and 2015), it seems
what nanotechnology is, or is not must be accounted for in a variety of metaphorical forms that can

effectively fill in the ‘empty’ signified space with signifiers. Derived issues from this stance are

% “The noumenal world is nature uncomprehended, unexperienced, and uncontrolled; it is nature in the sense of
uncultivated, uncanny otherness.” (Nordmann 2005: 1) The nanoscale world is retreating from human access,
perception, and control, and where the uncanny otherness qualifies as an absence of vision.
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how ‘actors’, ‘matters of concern’, and such are themselves defined; how they are determined by
nanotechnology as an organised field of practices; and how various material and symbolic resources

are involved.

1.2 Nanotechnology Organisation (Composition view)

In this section, I will move beyond nanotechnology definitions to discuss the specific organisation
of practices alongside various sociological theories and approaches. A combination of several
theoretical backgrounds aims to provide an explanatory model with which to grasp the interplay
between science, policy, and public in its complexity. This is achieved through the diverse body of
theoretical perspectives which follow the organisation (and morphology) of modernity, the co-
production of scientific knowledge, the sociology of expectations, critical sociology, the sociology
of controversies, and, last but not least, media studies. Technology development in a knowledge
society lies in the hybridisation of elements from university, industry, and government to generate
new institutional and social formats for the production, transfer, and application of knowledge (cf.
Leydesdorff and Etzkowitz 1996). But that also extends towards the public, opening new spaces for
politics marked by persuasions, accusations, and scaremongering, giving media a central role.
While there are many possibilities how to study nanotechnology under its current organisational
forms—studying media will be argued as convenient and appropriate choice exactly because it
allows to focus on the interface between science, policy, and the public.

The sociological theory of modernity brings several arguments which could qualify as
symptoms or even having a direct connection or influence on nanotechnology organisation. The
modern world, marked by more acute competition, implies a more urgent requirement to push the
horizon of competitive action further and further into the future, beyond the gaze of one’s
competitors (Giddens 1999: 2-3, also Brown and Michael 2003). To increasingly control the future
(e.g. markets that do not yet exist) demands stretching the temporal envelope and being increasingly
preoccupied with and generating notions of risk and opportunity (also in Beck et al. 1994). The
catastrophic accidents of the 20™ century, such as Chernobyl (1986) disaster, prove technologies
create as many expectations and uncertainties as they dispel, and these uncertainties cannot be
‘solved’ in any simple way, and neither by further scientific advances. In other words, the
progression of science and technology depends on opportunities as well as ‘manufactured risks’ and
which are conversely created by the very progression of human development (Giddens 1999). This
interferes with other debated symptoms of (post)modern society such as the centrality of
information (Bell 1976, van Dijk 2005) or the network as a new social morphology (Castells 2000,
van Dijk 1999). Indeed, scientists, engineers, and policymakers are increasingly expected to reach

beyond the borders of their own specific fields of expertise and establish relationships with wide
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and heterogeneous networks of potential collaborators (Borup et al. 2006: 287). These symptoms
are at the heart of the idea of the knowledge society emerging from science expertise, policies, and
even everyday instruments we devise to create knowledge about present and future and to facilitate
its better management. From climate change to the mad cow disease (BSE) crisis and grey goo,
from government politics and social movements to lifestyle politics, nanotechnology is an organised
field of practices with a specific co-production of knowledge at the interface of science, policy, and

the public.

1.2.1 The Socio-logic of Knowledge: Co-production, Trading Zones, and Non-human
Networks

Nanotechnology development can be approached as the consolidation of objects and spaces, and the
interactions between them which can generate new combinations of knowledge and resources that
advance or hinder innovation at the local (national, regional, community) and global level. And
further, science and technology have always been social, cultural, political, and economic
activities—the relation between science (and technology) and society is not one in which the former
affects the latter, but one of recursive co-production (Jasanoff 2004). As much as the production of
knowledge is central to any technology development (and its organisation), there are several related
concepts and strategies.

‘Does the idea of co-production represent anything more than the intuitively obvious point
that ideas of nature, no less than ideas of society, are constructed by human endeavour?’ (Jasanoff
2004: 17—-18) The STS concept of co-production should be used to subject such processes to critical
scrutiny, especially when scientific knowledge is considered as something which both embeds and
is embedded in social practices, identities, norms, conventions, discourses, instruments, and
institutions (Jasanoff 2004: 2-3). We can ask, in particular, what aspects of the role of science and
technology in society may most appropriately be addressed in the idiom of co-production; for
instance, what sorts of scientific entities or technological arrangements can usefully be regarded as
being co-produced with which elements of social order? How do processes of co-production relate
to more orthodox accounts of technical or political change? And what methods and approaches are
best suited to investigate instances of co-production? (Jasanoff 2004: 19) These investigations have
always had a specific normative dimension in the sense that what characterises various levels of co-
production is not just an interaction of actors and resources but a context. In fact, the context in
which technology develops is a substantial factor in studying co-production.

It has been noted that nanotechnology has a specific interdisciplinary and cultural context.
Although having adopted interdisciplinarity, it functions to different degrees under traditional
structures inside and outside. If new technologies emerge, they are continuously challenged in their

compatibility with these traditional structures and adaptability. Another noteworthy issue is that
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when the relationships between different actors are assembled into interfaces between science,
policy, and the public, co-production occurs in terms of both cooperation (consensus) and conflict.
We can point to the consensual view with the concept of a ‘trading zone’ (Galison 1997) which
sensitises perspective on nanotechnology organisation by key features of collaborative interactions.
Nanotechnology is then an innovation system, defined according to a set of objects, components,
relationships, languages, and functions. For example, the history and also the epistemological
challenges of technical convergence between nano-, bio-, information, and cognitive technologies
can be explained through the concepts of trading zones and interactional expertise (cf. Gorman
2004 and 2010). Physicists, chemists, biologists, and engineers must gradually develop what was
effectively a pidgin or creole language involving shared concepts like self-assembly, and which
physicists, chemists, and biologists represent symbolically in terms of their theories and practices
(engineering). These exchanges across disciplinary boundaries are carried out with the help of
boundary objects that act as bonding agents. These agents are both material and symbolic, and STS
scholars recognise this shift from the traditional concept of agency and identity: ‘Identity is
particularly germane to co-productionist accounts because, whether human or non-human,
individual or collective, it is one of the most potent resources with which people restore sense out of
disorder.” (Jasanoff 2004: 39) The critical scrutiny of co-production should allow it to be followed
in the sense of ‘mutually and at the same time’ but not necessarily through ‘collaboration’ (cf.
Nerlich 2015). The co-production idiom should be assessed through various, even conflicting
positions. It should be open to investigation in various cultural contexts of conflict.

Finally, scientific knowledge is not only socially coded and historically situated but
sustained and made durable by material-symbolic actors and hybrid networks (cf. Ihde and Selinger
et al. 2003). In particular, scholarly work on technoscience provides the vocabulary for critical
discussion about the translation of ontologies and the implosion of dichotomies (cf. Callon and
Latour 1992: 349, Jasanoff 2004: 15, and also, Latour 1996, Ha