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Abstract

This thesis is concerned with exploring new ways of engaging and sustaining public
participation in the development of nanotechnology.

Accusations of involving publics too little and too late during previous debates around
new technologies such as genetic engineering have led to the development of methods for
so-called 'upstream engagement' – participation at an early stage of technological
development. The main strategy of ‘upstream’ engagement has been dialogue,
particularly between publics and scientists, which was explored as part of recent
nanotechnology engagements. Although this strategy has been assessed as a significant
improvement on past methods, the difficulties of discussing the complex, ‘invisible’
materiality of nanotechnology and of mobilising publics around the subject at such an
early stage - without the pull of a controversy - continue to present obstacles. This thesis
proposes that one of the problems with engaging publics with nanotechnology is a lack of
attention to the way nanoscale material processes are imagined or understood by publics.
Drawing on nanotechnology projects undertaken by museums and art-science
collaborations, the research involved the development and testing of the public
engagement prototype Mutable Matter. Using a combination of playful, sensory
engagement and dialogue, the method aimed to support the kind of imaginations of
material interrelationships that have been sidelined as ‘non-scientific’ in previous
attempts to involve publics. The diverse public visions of nanotechnology which
emerged during the Mutable Matter project question the separation of ‘science and
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‘public’ in more conventional engagement with new technologies. The thesis argues that
non-scientists are not only capable of evaluating scientific visions of nanotechnological
futures, but can make their own creative contributions. Further, the thesis suggests that a
proxy experimentation with the materiality of nanotechnology, in a multitude of arenas,
could be a key to stimulating, widening and sustaining fledgling debates about potentially
controversial new technologies.
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‘If scientists are not universal experts,
non-scientists are not universal non-experts’
Jean-Marc Lévy-Leblond (1992)
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Chapter 1 - Introduction

‘Oh, we are often profoundly affected by unseeably small things, prince.’
-- Iain M. Banks, ‘Matter’

‘What does this have to do with geography?’ is a question I frequently had to
answer in relation to my project. 'This’ alternately referred to 'images' of atoms,
'matter', nanotechnology, plasticine modelling or the ‘ungeographical’ space of the
nanoscale. Since when are geographers interested in atoms? Are they not supposed
to deal with larger accumulations of them, ‘big things’ such as landscapes - or
human-environment interactions? And why does a geographer make people play
around with plasticine?

To answer the first part of these questions, it was easy enough to argue that new
technologies, or scientific practices in general, contribute to the shaping of the
'environment’ and, if one believes the more enthusiastic advocates of the former,
more drastically than any other technologies before them. Nanotechnology, after
all, claims nothing less than the restructuring of matter 'from the bottom up'
(Drexler et al, 1991). Also resonating with geographical concerns are the
vocabulary and ideas accompanying ‘nanotechnology’ as an umbrella term for an
array of different scientific and industrial endeavours. The nanoscale appears as a
new territory for human exploration and exploitation (see Anderson et al, 2007), as
hope for environmental remediation or, conversely, as a potential origin of
environmental disaster (Clark, 1998a). It also features in debates on materiality as a
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realm where the boundaries between organic/inorganic, matter/information blur,
and life as we know it is undergoing reconstruction (Barad, 2007, Clark, 1998a&b,
Kearnes, 2007).

The second part proved a little more tricky. I tried to explain that geographers
believe that 'the way we imagine space has effects' (Massey, 2005:4) and that in our
engagement with new technologies we are presented with spaces which are
invisible, intangible and, many claim, incomprehensible (see Adam, 1998:10).
Nanotechnologies define themselves through such a space: the nanoscale. Often
portrayed as a space 'down there', far beyond the reaches of the most advanced
optical microscope and only partially accessible through the most advanced
scientific apparatuses, the nanoscale is, in fact, everywhere. And it matters how we
imagine this space and relate to it, because it has real consequences for 'our scale'.
As an attendee of many post-engagement discussions, I began to be concerned
about how the nanoscale kept being classed as a 'difficult, esoteric' realm important to the understanding of nanotechnologies, but out of the reach of the
‘ordinary citizen’ (e.g. Chilvers, 2007, Jones, 2007a). I found that this image
limited the dialogue between scientists and public that was being attempted in many
of these projects. More importantly, it appeared to limit the possibilities for publics
to participate in nanotechnology-related decision-making, as public imaginations of
nanoscale materiality tended to be interpreted as lacking 'scientific' references.
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The way I chose to approach this problem was through methodological
experimentation. Geography has a long-standing history of exploring ways of
improving policy-orientated engagement with new technologies (see Burgess,
2005). These explorations have led to geographers, and other social scientists,
increasingly becoming directly involved in shaping such processes (see Kearnes et
al, 2006b:298). As a geographer with a background in art and design, I felt that the
problems affecting nanotechnology engagement required a different kind of
experimentation, which challenged current social-scientific methodological
boundaries. This realisation led me to take inspiration from another mode of
nanotechnology engagement: art-science collaborations. Such collaborations are
increasingly invited into museums as part of engagement with new technologies. In
many cases, they represent experiments in making the materialities of these
technologies more accessible while, at the same time, inviting critical reflection. In
multi-sensory installations such as nano (Vesna and Gimzewski, 2003a), visitors
can 'enter' the nanoscale, 'affect' atom behaviour and 'feel' the forces at this 'level' of
life. Studying these examples and the curators' reasons for taking this particular
approach, I asked myself whether these artistic experiments and the policy-based
'experiments in dialogue' (Stilgoe, 2007) could be brought together. Could playful,
sensory engagement with the materiality of nanotechnology blur the spaces
between scientific and public engagements with matter and create the conditions for
more meaningful deliberations on 'invisible risks'?
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This thesis is about an experiment. An experiment in public engagement with a
space that, to paraphrase Vicki Kirby, 'exceeds our everyday perceptions in quite
fantastic ways' (Kirby, 2001:55): the nanoscale. Drawing on recent attempts at
rendering the nanoscale through sensory spaces and practices, the project uses
hands-on experimentation to open up spaces of participation which publics have, so
far, been excluded from. The nanoscale is associated with nanotechnology, a fairly
recent arrival on the 'new technologies' scene. Nanotechnology is often described as
an array of different technologies united by the concept of manipulating matter at
the atomic and molecular scale (e.g. The Royal Society and the Royal Academy of
Engineering, 2004). The figure of 100 nanometers demarcates the upper limit of its
sphere of operation. There is less consensus on how the different kinds of
nanotechnologies should be categorised. Not only, because artificial life
experiments and mundane household products both represent possible incarnations
of ‘nano’, but also because of the diversity of theoretical, methodological and
ideological approaches which guide research and development in different
laboratories. Within some parts of the science community, ‘nanotechnology’ is still
perceived as an undesirable or incorrect label for a ‘heterogeneous collection of
technologies, whose common factor is simply a question of scale’ (Jones, 2005b).

Amongst the different categorisation attempts which use production methods or
scientific disciplines as a guide, Richard Jones’ distinction between incremental,
evolutionary and radical nanotechnology gives perhaps the most tangible image of
what science and industry are trying to achieve. Incremental nanotechnology is
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directed at ‘improving existing materials’, while evolutionary nanotechnology is
interested in ‘creating nano-versions of existing technologies’ (Jones, 2004b).
Radical nanotechnology, which many scientists regard as the technology's ultimate
goal, aims to assemble machines from atoms and molecules much like nature is
seen to (op.cit). Because of its radical approach – re-building life 'from scratch' –
the latter is associated with the idea of ‘converging technologies’ (CT), the
crossing-over of nanotechnology, biotechnology, information technology and
cognitive science (see Roco and Bainbridge, 2003). The possibilities of converging
technologies have given rise to a movement which celebrates and advocates the
redesign of life. Nanotechnology's role in this ‘quasi-religious embrace’ (Baird
quoted by Coenen et al, 2004:123) has contributed to an ideological rift amongst
scientific researchers. The most publicised divide, however, continues to be
between followers of the ‘biological’ and ‘mechanistic’ models of nanotechnology
(Bersaude-Vincent, 2004, Gimzewski and Vesna, 2003, Jones, 2005b,c,d). Here,
the point of contention is whether nanotechnology can and should imitate
‘macroworld’ engineering or be assembled following ‘nature’s principles’ as
studied in fields such as biology or chemistry (see Jones, 2004a, Smalley, 2001).

The reason why the term ‘nanotechnology’ is growing in popularity amongst
scientific researchers, despite the many counter-arguments, appears to be its value
as an industry buzzword. As Scientific American's Gary Stix remarks: ‘certainly
labelling a research proposal ‘nanotechnology’ has a more alluring ring than calling
it ‘applied mesoscale materials science’’ (Stix, 2001:30). ‘Nanotechnology’ has
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enormous potential as a brand. The products unified under this banner are predicted
to bring 'trillion' figure revenues (that is, US trillions), although the most recent
estimates are a little more modest, placing the market's worth at 2.3 billion US
dollars in 2007 and 26-81 billion US dollars in 2015 (Institute of Nanotechnology,
2010, Nanowerk, 2010). Investment in research is in the millions and billions
accordingly, although ‘the connections between the research and the products are
not at all clear’ (Stilgoe, 2007:13).

Also unclear are the implications – ecological or otherwise – of nanotechnology.
Social scientists have treated the subject with caution, and whilst they have picked
up on a number of implications, such as the possible consequences of the
'innovation race' (Stirling, 2007), they have not done so as extensively as is the case
with other new technologies such as genetic engineering or nuclear power. This
may have to do with the fact that no significant nano-technological invention – or
scandal – has been generated as yet. The first large-scale interest in the topic arose
in the nineties through the publication of K. Eric Drexler's Engines of Creation
(1992) and the turbulent scientific debate that followed in its wake. Although the
idea of nanotechnology resonated with the prominent 'cybernetic imagery' of the
post-human at the time (Haraway, 1991, Hayles, 1999), social scientists did not
produce a more substantial discourse until they became involved in the pre-emptive
public engagement activities surrounding nanotechnology about a decade later. To
date, much of the social scientific literature on nanotechnology focuses on its
anticipatory nature, both in terms of governance and materiality. This move
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towards casting nanotechnology in 'overtly temporal terms' and its materiality and
spatiality as a mere 'backdrop' has been criticised by a number of authors, resulting
in a call for a creative engagement with the challenges the new technology is posing
(see Anderson et al, 2007). There have been responses (and challenges) to such
calls, giving nanotechnology a presence in debates around materiality in the social
sciences, especially around the agency of the inorganic (Kearnes, 2006, Adam &
Groves, 2007).

A call has also been directed at social scientists for finding new ways of engaging
publics with the materiality of nanotechnology and other new technologies (Adam,
1998, Adam and Van Loon, 2000). The perceived immateriality as well as the alien
temporality and spatiality of new technologies are seen as a challenge to human
understanding and concern (see Adam, 1998:10). The difficulty of grasping and
making sense of these material interrelationships is not only regarded as an obstacle
to the informed use of new technologies, but also to sustained interest in their
potential dangers (Adam and Van Loon, 2000:3).
This thesis is a response to these calls. It addresses the problems as well as the
opportunities nanotechnology presents for both geographical conceptualisations of
materiality and public engagement. Moreover, it attempts to show how these areas
of engagement are inadvertently linked and how this link can be drawn upon to
create new forms of engagement.
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The interdisciplinary nature of this project does not make the task of positioning
the research easy. Finding itself based at the intersection of geography, science,
public engagement and art practice, the project becomes entangled into a multitude
of arguments that are taking place between and within any of the four areas. As it is
impossible to give a complete overview in the framework of this thesis, I will focus
on the main debates that have shaped the project. I will begin with its relationship
with science. Having the nanoscale as its focus, the project is automatically located
in the uneasy space between the 'natural' and 'human' sciences. Michel Serres once
described research in this borderland as 'less a juncture to control than an adventure
to be had' (Serres and Latour,1995:70). For Serres, its unpredictability is the reason
why this space is ‘strangely void of explorers' (op.cit.). Lately, this area has
attracted a considerable number of 'explorers'. Despite the growing amount of
cross-disciplinary research, the potential for adventure has not lessened. There are
many reasons why this is the case. A well-documented one is the 'natural'/'human'
sciences boundary as a place of fascination and discomfort. Most notably, the
uneasiness that appears to result from a lack of mutual recognition. Hilary Rose
suggests that social science, until recently, refused to consider ‘science and
technology as part of culture and society’ (Rose, 2000:66). Likewise, scientists
have been accused of a disregard for the social implications of their work (Stilgoe,
2007:44, Wynne, 1996). In recent years, the tension between 'human' and 'natural'
sciences has received renewed attention, none the least due to the so-called 'science
wars' between postmodern theorists and scientific realists (see Latour and Noor,

12

2002) and a revival of interest in C.P. Snow’s ‘third culture’1 (Ede, 2004:5, Kirby,
2008, Vesna, 2004).

Unlike the aggressive defensiveness that characterised the 'science wars', the
current 'natural'/'human' sciences debates seem to revolve around the exploration of
opportunities for mutual inspiration. This development leads some explorers to
propose that the reason for hesitating to dwell in this boundary space resides less in
a hostility towards science than in the fear of being seduced by some of its ideas
(Massumi, 2002:21). This growing enthusiasm for the sciences is accompanied by
negotiations of the conditions of such a relationship. Unlike Massumi who
encourages scholars from the humanities and social sciences to borrow from the
natural sciences, Doreen Massey points to the danger that such borrowings may not
always be appropriate (see Massey, 2005:31). She worries that it is the higher status
of the natural sciences rather than its inspirational appeal that attracts the importing
of concepts and prevents a more even exchange. A thesis with 'matter' as its theme
could easily be put into the category of 'physics envy' as Massey calls this
phenomenon (Massey, 2005:34), especially as it is drawing on the work of
scientist-philosophers such as Karen Barad, Michel Serres and Alfred North
Whitehead. Yet rather than taking concepts from the sciences and importing them
into the social, its aim is to remain in the uneasy space between, a place where
discourses about matter find themselves increasingly often.

1

In his 1959 speech 'The Two Cultures', C.P. Snow argued that the divide between the sciences and
the humanities is hindering the world's progress. He later argued for a 'third culture' as a possible
mediator (see Snow, 1960).
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The ‘natural’/’human’ sciences division transcends institutional categorisations – it
affects how we view materiality in general. As Whitehead observes, the
conceptualisations of ‘nature’ can be divided into two areas (Whitehead, 2004
[1920]). One area views nature as composed of matter, representing the 'primary'
world of the natural sciences, the other attends to the 'secondary' world of sensual
experience, the world of the 'human sciences' (op.cit). Whitehead calls this the
'bifurcation of nature' (op.cit). As Chapter 2 will elucidate, the social sciences like
to perform this bifurcation and place ‘molecules, electrons and ether’ (op.cit) away
from society into the space of the natural sciences. To the sociologist Vicki Kirby,
this bifurcation is also about the 'supposed difference between material objects and
immaterial signs', the desire to 'render[...] matter immaterial' (1997:55). Material
interactions are not social. This separation of the 'nature of physical reality' into
spheres that cannot communicate with each other is particularly relevant for the
debate around nanotechnology in which publics seem to be treated 'as if the arcane
nature of [scientific] findings is quite irrelevant to the stuff of the quotidian’ (Kirby,
2001:55). This bifurcation is highly problematic and resonates in many scholarly
debates like a constant, awkward background radiation. It also appears to be one of
the main barriers to engaging with the nanoscale from a geographical perspective:
one the one hand, the nanoscale needs to be treated as a 'scientific space', on the
other, it needs to be analysed as a 'geographical space'. This thesis plays on the
theme of bifurcation, particularly through its method which aims to negotiate
sensory and 'immaterial scientific' spaces.
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Being concerned with 'matter', this thesis seeks to contribute to the debates around
matter in geography and the social sciences. As Fritjof Capra observes,
‘traditionally the social sciences have not been very interested in the world of
matter’ (Capra, 2004:33), and cannot be, because they lack the tools to do so. But
more and more, social scientists, particularly geographers, are engaging with this
obstinate matter. Arrivals from this 'primary world' tend to appear as 'non-humans'
or under the heading 'materiality'/'materialities' rather than matter, resulting in fields
such as 'Material Geographies' or 'Non-human Geographies'. These geographies are
pushing our understanding of human-environment interrelationships by showing
our complex engagements with prions (Hinchliffe, 2001), bacteria (Hird, 2010) or
even molecules (McCormack, 2007, Davies, 2010a), sometimes going as far as
reimagining humans as ecologies of non-human matter (Hird, 2010). On occasion,
humans are absent from these engagements completely, as in Kirby's strategy to
look for examples of 'non-human communication' which she finds between entities
such as a tree and a lightning bolt (Kirby, 2001:60).

The appearance of matter is often linked to particular theoretical frameworks such
as actor-network theory and, most recently, non-representational theory which both
utilise it to suggest how and why matter matters in the social sciences. Examples
are Bruno Latour's argument that quarks and electrons are 'sociable' (Latour, 2000:
109,115) and Derek McCormack's attempt at developing a 'molecular logic of
sense' (2007:359). As the social scientific interest in matter is becoming extended,
the theoretical associations have similarly started to expand. New perspectives on
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materiality are also explored through practical experimentation. The Matterealities
workshop at Lancaster University (Lancaster University Sociology Department,
2007), for instance, offered field trips to sites such as a tarmac plant, a computer
lab, the Manchester School of Materials and the Manchester business district,
where different concepts of materiality are (perceived to be) performed.

The notion of 'publics' that is evoked in this thesis can equally be regarded as a
concept 'under construction'. As I will explain in Chapter 3, discomfort with the
idea of 'the public' as a homogenous receptacle of governance, or articulator of
opinions, has triggered numerous attempts at exploring and defining what 'the
public' actually is. Of growing popularity is the idea that 'the public' is, in fact,
composed of a diversity of publics (Warner, 2002). These publics do not exist in
predefined categories, but 'convene' around an 'issue' (see Barnett, 2007, Latour and
Weibel, 2005), such as the introduction of a new technology. This notion is
particularly relevant for public engagement with nanotechnology, which faces the
very significant problem of needing to generate its publics. Because of
nanotechnology's relative obscurity, it is mainly conceived of as sets of potential
publics which inhabit categorisations along the lines of 'concerned citizens with
background XYZ'. These categorisations are based on experiences with previous
public engagements with controversial new technologies such as genetic
engineering. The challenge lies, somewhat paradoxically, in engaging these
expected kinds of publics to prevent them from taking shape. Unsurprisingly,
current methods of engagement are struggling to negotiate this particular dynamic.
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This thesis should be seen as both a theoretical and practical social scientific
experimentation with this dynamic and with the influence conceptualisations of
materiality have on it, especially conceptualisations of an 'agentive' matter' (Barad,
2007).

As a starting point, this thesis asks how geography can open up to the ‘scientific’
materiality of the nanoscale. As indicated in the introductory story, atoms and
molecules often appear to inhabit a mysterious space 'down there', sealed off from
human interaction. By questioning the nanoscale's moorings at the bottom of a
scalar hierarchy or as a space removed from society, this research tries to create a
stronger awareness of the way this space is cast - in public engagements with
nanotechnology, but also in a more general sense. It more specifically asks what
consequences this bifurcated imagination of materiality entails for public
involvement in decision-making. Nanotechnology engagement alerts us how issues
around materiality are intimately tied up with participation in public engagement
with new technologies. On several occasions during post-engagement presentations,
facilitators declared the nanoscale a space 'too complicated' and 'too boring' for ‘the
public’ to engage with (Jones, 2007a). It was concluded that, rather than engaging
publics with the 'science' of nanotechnology, efforts should be directed at building
trust between scientists and non-scientists (see Gavelin et al, 2007:1).

This idea of scientist-public dialogue has become central to recent public
engagement strategies. These have been popularised under the banner of 'upstream

17

dialogue' (Wynne, 2006a,b). This form of dialogue takes place at an early stage of
technological development to allow publics to become involved and give input
before policy decisions become more fixed. While this model constitutes a
considerable progress from previous forms of participation, it continues to hit the
problem of how to engage publics with the 'scientific side' of nanotechnology
(Stilgoe and Wilsdon 2007, Jones, 2007a, H.Rose, 2007). In spite of this realisation,
few authors have problematised the lack of engagement with the materiality of
nanotechnology and its effects on participation. What has been problematised,
instead, is a particular form of engagement with the materiality of nanotechnology:
the force-feeding of scientific knowledge. This preoccupation with (and fear of) the
'deficit model' (Wynne, 1991), which assumes that concerned publics merely lack
the appropriate scientific knowledge to realise their misjudgments, appears to
prevent more productive forms of engagement with matter and materiality in public
engagement (see Chapter 3).

An example of 'upstream' engagement which makes the connection with the
materiality of technology, although not explicitly, is Richard Sennett's argument for
a 'vigorous cultural materialism'. Taking inspiration from Hannah Arendt's work on
public engagement with the atomic bomb, Sennett agrees that this kind of
participation must happen at an early stage, no matter how complicated the
technology (Sennett, 2008:4,7). He also contends that this process should involve
an engagement with the materiality of the technology in question (Sennett, 2008:7).
Sennett's understanding of the process of human-technology engagement, however,
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is entirely centred on humans as producers of technology: his 'upstream' encounters
require that publics receive 'a fuller, better understanding of the process by which
people go about producing things, a more materialistic engagement' (op.cit.). While
the tracing of the production of nanotechnology would potentially generate an
interesting set of issues, I suggest, it would be less helpful in problematising the
gulf between 'scientific' and 'non-scientific' materialities.

The concept which starts to take seriously the issue of publics separated from
science is Ulrich Beck's notion of 'invisible risk'. Beck uses the term to describe
phenomena which ‘typically escape perception and are localised in the sphere of
physical and chemical formulas’ so that their detection depends on the “sensory
organs’ of science’ (Beck, 1992a:21,27). To distinguish ‘modern risks’ from
previously existing ‘invisible risks’ such as disease, Beck maintains that
‘presumptions of causality’ related to 'modern' risks more pervasively escape our
perception and understanding – a factor which reinforces their invisibility. A
similar distinction was made earlier by Rachel Carson who terms the modern
human-made variety ‘formless, obscure’ and ‘unpredictable’ (Carson, 2000
[1962]:168). For Beck, the 'immateriality' of these risks is a crucial characteristic,
as it enhances their power by giving ‘unlimited space’ to their ‘suspected mischief’
(Beck, 1992a:23,73). Lacking the means to make these risks visible, publics are
forced to interpret and imagine them. This becomes the point at which public
engagement hopes to interfere and harness potentially harmful speculations. In
these engagements, 'invisibility' is used to devalue arguments by anyone who does
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not have the ability to detect or accurately imagine the risks in question. An
example is the continued interpretation of agentive matter as a product of irrational
fears (see Macnaghten, 2010:28, Chapters 3 and 6). Thus matter remains an
inappropriate area for publics to engage with.

As well as questioning what 'matter' is appropriate for which audiences to engage
with, this thesis is asking how it can be engaged with. As indicated earlier, the
problem is not only the difficulty of the science or the invisibility of the nanoscale,
but the absence of nanotechnology as a 'topic'. The lack of a 'ready public' presents
a source of concern, but is also seen by some as an unprecedented opportunity to
influence the formation of these publics. While it is hoped that ‘dialogue’ will to do
some of this work, another space of nanotechnology engagement follows a very
different strategy: sensory engagement. Geographical literature provides a source of
commentary on the relationship between touch and spatial experience. Examples
are research on tactility's role in spatial organisation (Tuan, 2001:71), the regulation
of sensory experiences in planned urban spaces (Edensor, 2007) and spatial
perceptions of blind people (Hetherington, 2003). Furthermore, there has been a
move from writing about 'embodied experience', towards using it as part of
geographical research (see Davies and Dwyer, 2007:259). One effect of this shift
has been an intensified attention to the arts, especially the performing arts, as a
counterpoint to the prevailing focus on textual analysis (Thrift, 2008:12, Davies &
Dwyer, 2010:92). The embodied experience of 'invisible' or 'inaccessible'
materialities, however, particularly with regard to science, remains under-examined
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and is even perceived to be a distraction from the examination of 'actual'
materialities (see Latham and McCormack, 2004:702).

A helpful theme in recent geographical writing on sensation is the problematising
of the relationship between the material and the immaterial (op.cit, see also Kirby,
1997, 2001). Science museums and art-science collaborations represent spaces of
practical experimentation around this relationship. As alternative channels which
prepare and present information to publics, they are facing the same difficulties of
communication as policy engagement facilitators. Carol Lynn Alpert, project
director at the Science Museum in Boston, talks of the struggle to communicate an
'anti-intuitive world' (Alpert, 2007:271). In contrast to policy-orientated
engagement, museums are looking at creating multi-sensory installations featuring
'large-scale interactive models enhanced by audio-visual media, and kinesthetic,
sensory, and motor experiences' to enable an engagement with the 'alien' materiality
of nanotechnology (op.cit.). In these artificial sense-worlds, visitors are envisioned
as being supported by 'expert communicators, skillful at creating mental and
physical analogs for atomic-scale processes and making them centrally relevant to
diverse audiences’ (op.cit.).

At the moment, the two frameworks – policy and sensory/museum engagement exist in relative isolation from each other. In theory, these frameworks are thought
of as complementary: museum engagement provides the interactive sensory
experiences, policy-orientated engagement adds the debate and the opportunity to
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participate in decision-making. In practice, this relationship is not as interlocked as
it is envisioned, although with increasing frequency, there are cautious attempts at
crossing-over. Museums have introduced a growing number of ‘discussion exhibits’
which allow visitors to write down their opinions at the end of an exhibition
(Gammon & Mazda, 2000), and public enquiries are starting to include 'hands-on'
activities (Amodio cited in The Times Higher Education, 2005). Both approaches
have been the object of frustration: museum curators have complained about their
inability to connect visitors to decision-making processes, and it could be argued
that policy engagement's use of sensory methods is severely limited, usually being
confined to the handling of nanotechnology enabled products or to art practice as an
alternative form of documentation (e.g. Kearnes et al, 2006a).

One reason why policy-engagement finds sensory engagement hard to integrate is
its association with 'play'. While certain benefits of play in the context of public
engagement have been recognised (Noveck, 2005, Heller, 2003:48), its reputation
for providing ‘affective’ and not ‘effective’ participation remains an obstacle
(Institute for Participatory Management and Planning, 1995). As a provider of
complexity and uncertainty, play is attributed the power to resist transparency and
easy retrievability (Lefebrvre, 1992). Henri Lefebvre stands out by celebrating the
idea that play potentially displaces and creates uncertainty, the resulting
unfamiliarity potentially leading to new decisions (see Lefebvre, 1992:17). A
similar opinion is voiced by Michel Serres who finds in play a source of ‘noise’,
which he not only regards as a source of invention, but also as a creative force
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against ‘lethal’ order (Serres, 1995a:133). Such celebration and acknowledgement
of disorderly forces understandably conflict with the aims of fields such as policy
research, where transparency is demanded by the government as well as publics.

A second criticism is that play is not an appropriate method for engaging adults
(Briers, 2004). Both Piaget and McLuhan hint at the possibility that adults are
already playing legitimately, just under a different name: ‘experimentation’ (Piaget,
1951:148, McLuhan, 2001 [1964]:264, see also Caper, 1996). Accounts by
scientists such as Feynman (1986, 2001 [1959]) and Drexler (1992), give the
impression that the boundary between experimentation and play is not always very
clear. As Feynman famously said about 'nanotechnology': ''[w]ho should do this and
why should they do it?' Well, I pointed out a few of the economic applications, but
I know that the reason that you would do it might be just for fun. But have some
fun!’ (Feynman, 2001). While Feynman's statement must certainly be taken as a
good-natured provocation, there have been arguments for experimentation as a
medium which could bridge between 'scientific' and 'social' forms of engagement
and knowledge production (see Davies, 2010b).

This thesis supports such arguments by proposing that integration of playful
experimentation with ‘invisible risk’ may help build a bridge between the ‘scientist’
and ‘non-scientist’ dualism in public engagement with new technologies. Playful
experimentation has already been explored in a non-policy-orientated context such
as the Tissue Engineering and Art Workshops offered by the art-science collective
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SymbioticA (SymbioticA, 2010a) There have also been arguments for allowing
publics to become involved in 'real experimentation' as, for instance, suggested by
the scientist/artist Cris Orfescu (Orfescu, 2007b). While such opportunities would
undoubtedly give publics valuable insights into scientific interactions with ‘matter’,
it could be argued that participation in laboratory work could result in uneven
power relations between public and scientist experimenters, as observed by
Duensing (2010:4). By developing an experimental engagement to explore the
materiality of the nanoscale with more familiar materials, publics would be given
more control over the engagement, thus balancing out inequalities. This research
explores one direction in which such experimentation could be taken.

Finally, this thesis argues that playful, sensory engagement may enable publics to
make a more creative contribution to public engagement with nanotechnology.
Recent nanotechnology engagements have encountered obstacles while trying to
involve publics in the developmental stages of nanotechnology related research
(Stilgoe, 2007:54). Whereas the failure of these involvements has mainly been
attributed to an overly complicated science and the dry environment of research
council meetings (see op.cit.), it is also likely that public participation at this stage
failed because the format of the dialogue was misconceived. The way dialogue is
envisioned in many public engagements appears to limit public input to a predescribed sphere, and also a pre-described mode: that of commentatorship. My
version of an experimental public engagement, the Mutable Matter project, is an
attempt to show how playful experimentation with the materiality of
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nanotechnology can give rise to a very different kind of dialogue. This kind of
participation supports people as co-experimenters, as publics able to bridge spaces
and make creative interventions in the future direction of nanotechnology research.

Method-wise, the project followed a mixture of qualitative, ethnographic research
and practical experimentation. The ethnographic research involved participant
observations and interviews at sites where 'invisible risks' are communicated. These
included attendance of the 2008 Open Day at CERN (The European Organization
for Nuclear Research near Geneva, see Appendix 1), participation in a NanoArt
competition as well as visits to science museums, other science experiments
(DESY), virtual engagements and art-science exhibitions/talks. The results of this
research were used to develop an experimental nanotechnology engagement called
Mutable Matter. The main inspiration for Mutable Matter were art-science
collaborations such as the Nanoscape and nano as well as my own previous
experimental engagements such as Mutation (Last, 2003) and Animal Lab (Last,
2006)2. The project's method involves a combination of dialogue and playful,
sensory engagement with materials evoking certain nanoscale phenomena. In
addition, an alternative form of engagement took place in the form of running a
'Mutable Matter Weblog' which accompanied the workshops. This blog

2

Mutation drew attention to the link between the human desire for perfection and environmental
degradation and the wish to control processes such as mutation. During the project, identical readyto-wear white shirts symbolising ‘perfect’ DNA were (or were not) altered by participants to express
their relationship with imperfection, for instance, the degree or kind of imperfection they were
comfortable with.
In the Animal Lab participants modified patterns and features of soft toy animals with the help of a
‘mobile laboratory’, while engaging in conversation about genetic engineering. The Animal Lab
experimented with humour, turning the story of genetic engineering somewhat upside down by
asking participants to make modifications that would benefit the animal rather than humans.
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documented the progress of the project and explored alternative ways of convening
publics around the subject.

The methodological approach of this research reflects a current shift from 'social
science research methods simply to generate clarity' to methods which
acknowledge and even support the intervention of the researcher into the research
process (see Davies and Dwyer, 2007:258). While 'traditional' methods of data
collection and evaluation, such as interviewing, are used, methods which are more
commonplace in the arts, such as practice-led research, serve to deliberately stage
certain encounters. This staging could also be described as an 'experiment' in which
research themes and theoretical ideas are tested (see Hammersley and Atkinson,
1995:233). Rather than to 'test', this research seeks to explore - the focus of
exploration being the methodological implications of acknowledging an 'agentive
matter' in the context of public engagement. This project is not alone in making an
attempt at integrating a more active materiality into the research process (see
Davies and Dwyer, 2007:260). What distinguishes it is its practical exploration with
the idea that 'at this molecular level... life itself has become open to politics'
(N.Rose, 2007:15).

The thesis is comprised of eight chapters. The next four chapters follow the
nanoscale through different spaces of engagement and highlight the issues
surrounding it in each context. The last three chapters evaluate the experimental
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engagement 'Mutable Matter' and the questions it raises for enabling, sustaining and
widening public engagement with nanotechnology.

Chapter 2 discusses the relationship between the social sciences and nanoscale
matter. Matter is identified as a space which the social sciences are reluctant to
engage with, because of its lack of 'social life'. The chapter traces the social
sciences’ engagement with matter from its role as a substance to conceptualisations
of matter as mobile, but alien (Beck, Carson), as 'sociable' (Latour, Haraway,
Bennett) and as agentive, but independent of human sociality (Barad, Adam,
DeLanda, Serres). By showing how such conceptualisations impact on the
discourse around nanotechnology, the chapter makes the case for the exploring the
possibilities that the imagination of an agentive matter presents.

Chapter 3 gives an overview of the experimentation surrounding policy-orientated
public engagement with nanotechnology. It shows how dialogue has emerged as a
strategy not only for controversy-prevention, but specifically for working against
the deficit model and its emphasis on scientific knowledge as the key to
controversy-prevention. The struggle of engagements such as Governing at the
Nanoscale, Nanodialogues and NanoJury UK to engage their participants with
nanotechnology is linked to the conceptualisation of the nanoscale as an invisible,
intangible space off limits to publics. The chapter concludes that nanotechnology
engagement needs to re-examine its conceptualisations of the spatiality and
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materiality of nanotechnology in order to develop more empowering methods for
public engagement.

Chapter 4 looks at how 'invisible risks' have been handled in the space of the
museum. It demonstrates how museums have to negotiate between their mission to
engage publics with controversial issues and the reaction this kind of engagement
provokes. Nanotechnology, as a topic that has not yet led to wide-spread
controversy, is shown to prompt efforts to connect museum visitors to decisionmaking processes. While many of these efforts concentrate on dialogue, there has
also been a renewed interested in hands-on methods to enable publics to negotiate
the materiality of the nanoscale. The chapter suggests that the experiments that are
going on in the museum can make valuable contributions to public engagement
with nanotechnology, if they are connected to the policy context.

Chapter 5 expands on conceptualisations of art-practice based methods, examining
art's claim to enable its audiences to creatively engage with nanotechnology by
blurring the spaces of 'science' and 'public'. The chapter then draws parallels with
the social sciences' growing interest in art practice as a provider of access,
invention and resistance. It is argued that art succeeds in drawing attention to the
modes of participation that are excluded from official engagements. I further
suggest that art constitutes a medium through which publics can articulate their
imaginations of technological materialities and creatively explore forms of critique
not normally enabled in the policy context.
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Chapter 6 focuses on evaluating the experimental nanotechnology engagement
prototype 'Mutable Matter' which was developed and piloted as part of this
research. Combining hands-on engagement with dialogue, ‘Mutable Matter’
encouraged participants to experiment with imaginations of materiality. The chapter
details the engagement process as well as the participant reactions. Analysing
themes such as accessibility of 'scientific' spaces, boundary blurring and coexperimentation, I propose that the playful, yet critical engagement taking place
during the project can be seen as a starting point for methods which enable publics
to participate further upstream – at the level of innovation.

Chapter 7 engages with the question how to sustain the debate around
nanotechnology beyond one-off engagements. It addresses possibilities which
appeared during post-engagement talks such as interactive web platforms and
exhibitions. Drawing on the outcomes of the workshops and experiences of running
the Mutable Matter Weblog that accompanied the project, suggestions are made for
engaging publics through a combination of on- and offline 'co-experimentation'.
The chapter identifies creative engagement with the materiality of a technology as
one of the keys to sustaining and widening participation.

Chapter 8, the concluding chapter, takes this idea further by discussing the
implication of an acknowledgement of agentive materiality in public engagement,
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for instance, for the understanding of concepts such as 'active' or 'scientific'
citizenship.

This thesis contributes to the project of ‘tak[ing] seriously the non-human
dimensions of the practices and matters of concern’ (Open University Materialities
Collaboratory statement, 2010), and especially to the idea that matter is ‘productive
and not just produced’ (Barad, 2007:137). By showing how imaginations of
materialities have effects on public engagement with nanotechnology, the research
makes a case for bringing these imaginations to the forefront and integrating them
into participation strategies. The research presents such an attempt at developing an
exploratory method and at contributing to the 'conversation about the power of
experimentation to shape the future' (Lancaster University, 2010). In a wider sense,
the research also aims to add a further perspective to the project of ‘queering' ideas
of 'nature' (Haraway, 1994, Giffney and Hird, 2008, Butler, 1993).
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Chapter 2
Towards an articulate matter – Social science at the nanoscale

When looking for information on nanotechnology, one is likely to come across the
website of the Vienna University of Technology and its illustrations of how a
scanning tunnelling microscope (STM) operates.

Figure 1: How a scanning tunnelling microscope (STM) operates
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This instrument, which visually renders the scale of atoms and molecules through
amplifying a quantum mechanical phenomenon called 'quantum tunnelling', has
been celebrated as the key invention that led to the conceptualisation of
'nanotechnology' (Jones, 2004a:17; see also Barad, 2007:39). Allowing scientists to
visually trace some of the interactions on material surfaces through ‘feeling’ (Vesna
and Gimzewski, 2003b:7), it is a powerful tool for the understanding and designing
of materials. Most significantly, it has allowed scientists to not only 'see', but move
individual atoms: the tip of the scanning tunnelling microscope can also be used to
coerce matter into new formations.

Image 2: Example of an STM image from the Vienna University of Technology
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Image 3: The first time atoms were moved by the STM - to spell out the name of
the lab (IBM).

The importance of this ‘imaging’ technology becomes clear when reading the case
studies on the university's website. There, a scientist (Michael Schmid) narrates
what he and his colleagues can read from STM images: which positions atoms
‘prefer’ in an alloy, which bonds between atoms are stronger in which
combinations, and what other types of activities atoms engage in - ‘bouncing’,
‘getting stuck’, ‘wandering about’, 'finding places'. He explains how some of these
images have led to the confirmation or dismissal of established theories and have
helped to further scientists' understanding of how things work not only in the 'nano'
but also in the ‘macroworld’. Documenting a series of experiments on catalytic
converters, Schmid writes:
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...it is quite a long story what can happen when one oxygen molecule hits a pure
metal surface and starts to oxidize it - imagine how much more can happen on
more complex surfaces... (Schmid, 2001).

There are many more examples of these kinds of 'stories' – of atoms, molecules,
subatomic particles and, of course, larger accumulations of matter. They fascinate
scientists and they make up our 'material' world. Social scientists, however, have
difficulties integrating such events into their studies of the world. As Bruno Latour
famously wrote: '[w]hen a bicycle hits a rock, it's not social' (Latour, 2007:83). If
materiality plays a role in the social sciences, it is usually connected to how humans
perceive, interpret, produce and circulate 'it'. One can assume that even the bicycle
probably has a human operator. This lack of interest appears to get stronger the
more removed this materiality is from human perception. As Karen Barad
complains: ‘there is an important sense in which the only thing that doesn’t seem to
matter anymore is matter’ (Barad, 2007:132).

In recent years, this situation has started to change. Social scientists and, in
particular, geographers, have begun to reverse the question of 'what do we do with
matter?' There is an increasing desire to ask 'what does matter do that affects us?'
This is not an easy question to pose from within the social sciences. To undertake
such enquiries, social scientists often have to rely on discourses outside their field
for inspiration. As I will show in this chapter, this has included bringing together
social scientific concepts with ideas from the natural sciences and philosophy. In
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this context, nanotechnology has emerged as a particularly fertile substrate for such
explorations. The technology's intervention at the level of atoms and molecules
poses challenges to a multitude of matter-related preconceptions. At the nanoscale,
boundaries between different materialities become blurred: matter becomes
information (Clark, 1998b), the human is becoming assembled from the non-human
(Davies, 2010a), the emotional conflates with the chemical (McCormack, 2007),
the organic becomes difficult to separate from the inorganic (Barad, 2007:360),
and, with the arrival of the ability to build 'from the bottom up', natural processes
become man-made (Kearnes, 2006).

Such research not only helps critique current ways of engaging with matter in
geography and the social sciences: the questioning of materiality, in return, benefits
the social-scientific discourse around nanotechnology. As different images of
matter are surfacing in the 'public sphere' to be enrolled for or against
nanotechnology, social scientists have been quick to point out the tactical artifice of
casting matter as 'dumb', 'inert', 'immaterial' or 'lively' (Anderson et al, 2007;
Latour, 2004a:23). An example is the move to distance nanotechnology from the
'unruly' organic liveliness of genetic engineering by making it appear 'hard' and
controllable (see Jones, 2004a:2; Kearnes, 2006). In addition, geography's
sensitivity to scale and the language of exploration has prompted a re-examination
of claims to the nanoscale as a remote territory open to human exploitation
(Anderson et al, 2007:139). Through this kind of attention, geographers have made
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it clear that matter cannot stay as a mere 'backdrop' to nanotechnology discourse
(op.cit.).

In this chapter, I will give an overview of the social sciences' evolving relationship
with matter, particularly matter at the atomic and molecular scale, and its different
strategies for engaging with it. It will start off with the uncanny materiality of
'invisible risk', explored by theorists such as Ulrich Beck and Barbara Adam who
are trying to make sense of the 'unintended effects' of human interactions with
matter. The second part sees matter entering the sphere of the social, supported by
theories of authors such as Bruno Latour, Donna Haraway and Jane Bennett. The
third part looks at the emerging imagination of matter as governed by concepts
different from human ideas of sociality. Examples are the work of Karen Barad,
Manuel DeLanda, Michel Serres, Barbara Adam and Chris Groves. As it becomes
apparent, this apparent evolution from 'alien' to 'agentive' neither proceeds in a
linear way, nor does it constitute an evolution. Rather, different conceptualisations
of matter remain coexistent and are integrated into 'risk management' to varying
degrees. The chapter concludes by suggesting that each conceptual approach to
'matter' has specific sets of consequences for engaging with new technologies. The
idea of a 'material agency' emerges as particularly problematic, but increasingly
necessary to consider as a pathway for public engagement with nanotechnology.
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Matter as 'invisible risk'
In 2009, IBM celebrated the 20th anniversary of imaging atoms. To the company
and many other nanotechnology stakeholders, the ability to image 'atoms' is an
example of 'technology's ever-increasing power to make the invisible visible'
(Stafford, 1997:22) and an example of our growing control over matter. Such ideas
trigger parallels with biotechnology, whose advances are portrayed as having
originated with the visualisation of the 'double helix' (Kemp, 2006:313).
Biotechnology, however, has also highlighted that, when it comes to the
introduction of technologies to the outside world, laboratory visualisations fail to be
of use (Adam and Groves, 2007:82). The outbreak of 'superweeds' is just one
example of unintended, or even unexpected, consequences (Adam, 2000). Much
graver miscalculations are predicted when it comes to nanotechnology. The lack of
experience with the precise direction of matter at the nanolevel amplifies concerns
about what the products of this technology might do outside 'controlled'
environments. With its intervention at the scale of atoms, nanotechnology draws on
a space so wide-ranging, interconnected and boundary-crossing that it becomes
potentially uncontainable.

Risk theory has thus identified nanotechnology as the next candidate to contribute
to our 'hazardous reality' (Beck, 1992a:44; Adam, 1998; Kearnes et al, 2006b).
Nanoparticles, designed to pass unnoticed through our environment and though our
bodies, which they are intended to nourish, repair or enforce, have the possibility of
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developing into a superlative of the 'superweeds', turning the world into 'grey goo'3
(Drexler, 1992). Diverse scenarios of 'runaway’ nanotechnology, envisioned by
fiction authors and scientists (e.g. Drexler, 1992; Stephenson, 1995; Goonan, 1998)
serve as cautionary tales of disasters which risk theorists are hoping to prevent.
Further obscured through the inscrutability of business and government networks
(Marshall, 2004:154) and widely distributed design processes (Suchman, 2000),
nanotechnology emerges as a truly hard-to-grasp phenomenon.

Theorists of risk, such as Ulrich Beck and Barbara Adam, emphasise that
nanotechnology, like many new technologies, is literally hard to grasp. They see
embodied experience as a key component in our understanding and managing of
risk. New technologies, they argue, are dealt with inadequately, because they go
beyond the normal sensory capacities of humans (Beck, 1992a:21&27). Matter does
something – but we can only observe some of the audible, visible or otherwise
tangible effects. Famous examples are the 'silent spring' caused by pesticide abuse
(Carson, 2000 [1962]), the coughing children growing up near motorways (Beck,
1992a:61) and the deformed post-Chernobyl fauna illustrated by Cornelia HesseHonegger (2001). These, and other examples such as pesticides found in the bodies
of Antarctic penguins (Stemp-Morlock, 2008), illustrate that cause and effect
relations are also often invisible and spatially separated, making it difficult to prove
where and how these effects originate, upsetting our perception of scale (Adam,
1998:10; Beck, 1992a:63). As an anonymous scientist notes in Rachel Carson's
3

‘Grey goo’ is a hypothetical worst-case scenario of nanotechnology gone out of control. It
describes what could happen to the planet if self-replicating nano-constructs start deconstructing life
as we know it (see Drexler, 1992:216).
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'Silent Spring': '[a] change at one point, one molecule even, may reverberate
through the entire system to initiate changes in seemingly unrelated organs and
tissues' (quoted in Carson, 2000:169). Such relations may be untraceable, even with
enhanced scientific perception. Likewise, our sense of temporal scale is taxed when
we are confronted with unfamiliar time scales of decay, information transmission or
mutation which, in as in the case of radioactivity or genetic engineering may range
from 'from nanoseconds to millennia' (Adam, 1998:10).

These incomprehensible spatial and temporal interrelationships, both Beck and
Adam suggest, have very distinctive effects on society. A much publicised
consequence is the diversion of blame. The difficulty of tracing causal relations has
been used as an excuse to refuse responsibility, starting with the industry responses
to Rachel Carson's attack on pesticides (Lear, 2000). Untraceable matter-on-theloose thus not only contributes to personal danger, but to conflict about its origins.
The latter situation is aggravated by matter transgressing national boundaries.
Anthony Giddens describes this phenomenon as risks 'escap[ing the] democratic
process' (Giddens, 1999). The links between risk and democracy are also a theme in
Beck's and Adam's writing. Unlike Giddens, they take care to point out that the
democratic process fails much more severely, because the new kinds of risks
disempower 'the public'. Beck, in particular, points out how the official debates
around risks are primarily conducted in 'scientific terms' (Beck, 1992a:26). Science
is seen as the only medium that can access the realm of invisible material
interrelations. Publics, on the other hand, have no means of tracing matter first
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hand, which results in public observations and public theories of cause and effect
automatically being devalued as 'scare stories' and unfounded fears. There are
plenty of cases where the introduction of a new technology is pressed ahead despite
public protests. The public's reliance on 'second-hand non-experience' (Beck,
1992a:72) instead of scientific 'facts' immobilises resistance: publics are accused of
being misled by lobby groups or 'the media'. As Beck writes, 'ultimately, no-one
can know about risks, so long as to know means to have consciously experienced'
(op.cit.).

Beck's (and Adam's) recognition of matter – or rather, the perceived absence of
matter - as a having an impact on social relations could be regarded as a starting
point for social scientific debates around the materiality of environmental risk. In
Risk Society, Beck himself offers a perspective how such work could be taken
further:

Risk determinations are an unrecognized, still undeveloped symbiosis of the natural
and the human sciences, of everyday and expert rationality, of interest and fact.
They are simultaneously neither simply the one nor only the other. They can no
longer be isolated from one another through specialization, and developed and set
down according to their own standards of rationality (Beck, 1992a:26).

The question of how this 'symbiosis' should look is the point where Beck's and
Adam's ideas diverge. In Beck's theory, the idea of risk as opportunity for an
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exchange between the social and the natural sciences remains largely
underdeveloped. While Adam seeks to engage the social and natural sciences in a
constructive dialogue, which I will explain in more detail in the third part of this
chapter, Beck's idea of conversation between fields comes across as a one-sided
affair, with the social sciences informing the natural sciences, but not vice versa.
This seems to have less to do with a politically motivated hostility towards the
natural sciences than with Beck's imagination of materiality, which I will now
summarise.

The premise Beck starts off with is that science deals with abstractions. Not only do
scientists have to rely on models rather than direct observations when it comes to
the tracing of material interactions at smaller scales – scientists will never be able to
trace all the interactions a molecule will have in its existence - but they also
perform this abstraction on the macrolevel. Scientific rationality, Beck claims,
ignores 'real life' (1992a:38). By this, he means the social dimensions of the
'material interactions' scientists are analysing.
As an example, Beck uses the link between pesticide accumulation in bodies and
social factors connected to pesticide use, such as time pressure, security standards
and the inability to understand instructions on pesticide containers (see 1992a:42).
Scientists, he carries on, omit such factors, and regard humans as mere bits of
'organic material' (1992a: 24). This persistent ignoring of social relations, in
combination with the experienced spatio-temporal detachment from the effects of
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new technologies, according to Beck, leads to a dangerous underestimation of risks
and thus short-sighted engagement with new technologies.

According to Beck’s critique, this concentration on the abstract space of matter and
the devaluing of social factors leads to a devaluation of public imaginations of risk.
As explained earlier, the current, scientifically influenced perception is that publics
cannot follow material interrelations and thus cannot comment on risk. Beck
regards this logic as misconceived. For Beck, publics and the social sciences are in
a much better position to evaluate risk: they both see humans as individual and
social beings and can, for instance, account for phenomena such as varying degrees
of risk exposure amongst different kinds of populations (i1992a:24,28). It seems as
if, due to the superior inclusiveness of their analysis, the social sciences do not need
to learn from or engage with the natural sciences in a capacity other than as a
mentor. The belief in the superiority of the social sciences' view of the world also
explains why matter, the mere abstraction the natural sciences are dealing with,
continues to be seen as an irrelevant topic. Here, Beck performs a variation of
Whitehead's bifurcation of nature, that is 'to maintain that the molecules and the
ether of science are purely conceptual' (Whitehead, 2004 [1920]:45). As a
consequence of this bifurcated view, Beck's social sciences have to restrict
themselves to dealing with the dubious category of 'real life' which appears to be
composed of the categories 'society' and 'nature'. Following this kind of reasoning,
'risks' arise when humans, through misguided abstractions, encroach on ‘nature's’
territory (see Beck, 1992a:81). The only times 'society' and 'nature' merge is
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through the forced integration of nature through industrialisation, the moment
where 'nature' is turned into 'artifice' – which is also the moment we see 'man-made
risks' (1992a:80). So, unless humans intervene in ‘nature’ and make it
inconveniently mobile (see Adam, 2000), matter does not matter. On Beck's list for
dealing with risks 'theoretically, empirically and politically', written more than ten
years later, a reconceptualisation of matter, or even materiality, is still missing
(Beck, 2000:xiv).

At the same time, Beck acknowledges the mobility and agency of matter, and the
importance that public imaginations of this active materiality are recognised (Beck,
1992a:76). Although Beck likens active matter to 'spirits residing in things', as part
of a 'second reality' (1992a:72), he also credits it, as mentioned earlier, with having
'real' effects such as causing illness, mutations or other visible changes (e.g.
1992a:61). These effects, in turn, cause people to react, for example, by taking
action against what becomes perceived as 'risks'. Risks thus also 'activate
responsibilities' (1992a:227). However, for public action to have an impact, as Beck
further and reluctantly argues, and in order for these risk perceptions or
imaginations of an active matter to be taken seriously, publics need to engage with
science. This engagement comes across as a primarily negative consequence: the
sciences' 'monopoly on truth', as Beck calls it (1992a:71), necessitates that publics
themselves become scientific 'experts' (1992a:61).
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What is the consequence of this view of matter? Despite his recognition of matter
as active, for Beck, risk remains an entirely social problem, which involves actors
such as science, public, government and media (Beck, 2000). In his analysis, the
problem of risk lies in the 'bisection of democracy'4, not of nature (1992a:192). By
contrast, matter fails to be social, or, as Beck puts it, matter is 'non-political'
(1992a:186). It exists in a space outside of democracy and is altered by economic
demands. It becomes defined as 'future consequences of individual and institutional
decisions [that] are controlled in the present' (Beck, 2000:xii). Or, rather, cannot be
controlled (op.cit). Here, Beck's work stands in contrast with that of risk theorists
such as Giddens. Giddens fairly unproblematically accepts risk as unavoidable if
we would like our society and economy to remain innovative and dynamic (see
Giddens, 1999). These risks, or 'known unknowns' merely need greater control
(Giddens, 1999:33). Because of his lack of faith in the natural sciences, Beck
regards control as an illusion or wishful thinking. For him, (human-made) matter is
too elusive, too mobile, too removed from society to subject to the control of
scientists or politicians. It forms part of what Habermas calls 'the new obscurity'
(Habermas 1985, quoted in Beck, 1992a:190).

The term 'obscurity' could be seen as the key term to describe Beck's relationship
with 'matter'. This obscurity arises, because his social science has difficulties

4

Beck's bifurcation of democracy entails a split between public and private interests. Private
interests, which also includes innovation, does not appear to be subject to 'the simplest rules of
democracy - knowledge of the goals of social change, discussion, voting and consent' (1992a: 184).
At the same time, the effects of innovation impact on the 'public sphere', requiring the democratic
government to take on responsibility for something over which it has 'hardly any to no influence'
(Loeber, 2007:410).
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comprehending matter. As matter remains in the territory of the sciences, which
Beck refuses to engage with, the only commentary he appears to be able to make is
that the workings of matter are 'unreal', 'erratic and unpredictable' (Beck, 1992a:29
& 27). Although Beck concedes the necessity of acknowledging matter, he is
unwilling to engage with it further other than as an unwanted, mysterious and
uncomfortably active product of human miscalculations. It has been pointed out
that Beck's focus on human-made risk prevents Beck from engaging with ‘matter’s
own mutability and mobilism’ (Clark, 2002:120). By comparison, such relations
between an inherently mobile matter and human interventions into this materiality
can be found in the work of Rachel Carson. Carson's risks are also 'obscure'
(Carson, 2000:168), but this obscurity is the product of ecological-material
complexity rather than abstract-material interrelations. She draws attention to the
many 'invisible' material connections, from the kind of large-scale ecosystems that
are difficult to oversee to the 'unseen world' of the 'ecology within our bodies'
(Carson, 2000:169). By contrast, Beck's relationship between human bodies and
'nature' is characterised by disconnectedness and dysfunction (Beck, 1992a:202).

Such an imagination of matter has effects - in Beck's case, on the kinds of actions
that can be taken by society against risks. In Beck's risk society, these remain
somewhat limited, because the 'standards for [risk] evaluation lie only in the
second, not in the visible world' (1992a:71), and the former is outside public access.
Thus, '[c]ontemporary society... finds itself in a risk trap' (Beck, 2000:xiii). With
matter classed as the disturbing, unnatural/unsocial 'alien invader', the only option
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left for society is to unite through fear and take on science and industry as an enemy
(Beck, 1992a:74). Fear moves people to empathise with the destruction of nature
and to reconsider their relationship with it (1992a:28, 80) and to 'open up new
political options' (1992a:227). Beck's example here are environmental and
consumer groups (1992a:162). Once fear has also reached the potential creators of
risks – scientists, politicians, industry – the 'risk society' can finally be challenged
(1992a:234). Echoing the often-posed question 'is this catastrophe big enough for
us to change our ways?' (Hanbury-Tenison, 2010), Beck appears to propose a
slightly less fatalistic option: 'is the risk of a catastrophe big enough to change our
ways?'

Despite its refusal to go deeper into problems of 'scientific' materiality, Beck's
theory of risk could be seen as the moment where matter, forces, energy began to
enter the domain of the social and the social sciences. The acknowledgement of its
effects on social relations adds a further dimension to Beck's call for new relations
between science and society. Yet, despite this impact, matter remains a mere visitor
to the social sphere that cannot be sensed, and therefore cannot be understood. Its
observable effects can be interpreted, but these interpretations remain
unacknowledged in the sphere of the natural sciences. Moreover, invisible,
intangible matter appears as an unwelcome visitor an intruder – whether it is 'risky'
or not. Its inaccessibility to the senses makes it uncanny, alien, elusive. Although
matter is recognised as having an impact on the social, the separation between the
scientific sphere of matter and the 'social world' stays intact. Rather than pursuing
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his proposed symbiosis of natural and social sciences, Beck uses his
conceptualisation of risk to argue against the shortcomings of the natural sciences
and the reliance of politics on scientific expertise (1992a:29).

There have been risk theorists, however, who have been sympathetic a more even
symbiosis. One example is Barbara Adam. Adam also sees insensibility and
perceived immateriality as keys to unpicking and arguing against the politics that
are implicit in the perpetuation of risks. In contrast to Beck, she depicts risks not as
immaterial, but expressedly material, and advocates a dialogue with scientific
theory. I will talk about her approach in a later part of this chapter. First, I will
discuss a second strategy, which has attempted to integrate matter into the social
sphere.

How matter became social

The transformation of 'dumb matter' into something intelligent and directive is a
prevalent theme in articles promoting new technologies. Nanotechnology,
especially, is envisioned to awaken ‘utterly mindless molecules’ (Drexler, 1992) to
a higher and more purposeful existence. It has been the object of occasional satire
that when social scientists set out to criticise radical techno-futuristic visions such
as these, they discover that their theories view matter in very much the same light
(Latour, 2004a:237). While it may not be the case that social scientists think of
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matter as 'dumb', although Brian Massumi appears to allude to this possibility
(Massumi, 2002:1-2), the social sciences' view of life as a 'sexy human drama
projected onto gravel and sludge’ (Harman, 2007a: 162) is a image that has become
hard to shake off. It even permeates debates that started as attempts to highlight
human-material interrelationships. A recent example is the debate around the 'rematerialisation of geography' (Fitzsimmons, 1989; Jackson, 2000), during which
the calls for a renewed engagement with materiality were exposed as once again
enlisting an objectified matter to 'repoliticise' an apparently 'immaterial' and thus
apolitical geography (see McEwan, 2003:341; Kearnes, 2003; Anderson and ToliaKelly, 2004:672).

A criticism that keeps resurfacing in geography is directed at the geographer's
tendency to engage with the world primarily through the visual or textual register
(Lorimer, 2005:87). A product of what is referred to as the 'cultural turn', this mode
of engagement is characterised by a 'preoccupation with representation' (Anderson
and Harrison, 2010:4; see also Whatmore, 2006:600). A consequence of this focus,
as geographers have repeatedly pointed out, is that material 'actions' are ignored in
favour of the 'actions' of 'the ideas and meanings cited by and projected onto those
bodies, habits, practices and behaviours (and surroundings)' (Anderson and
Harrison, 2010:5). This critique has led to a number of methodological explorations
around 'practice' and sensory methods which attempt to overcome these 'detached'
modes of engagement (e.g. Whatmore, 2006:606-7; Thrift, 2008:8). Geography has
also been accused of neglecting materiality on another account: the lack of interest
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in the 'relationship[s] between people and things' (Jackson, 2000:10). The latter
allegation has given rise to the claim that geography, of all disciplines, fails to
access the 'material world' (Jackson, 2000:10-11). This equation of materiality with
an external reality or 'deeper' way of engaging with the world prompted countercalls for a 'creative rethinking of the category of matter' (Anderson et al, 2007:141;
see also Kearnes, 2003). So far, the authors making such demands have uncovered
a diversity of examples of how geography already takes materiality or 'matter' into
consideration. Anderson and Wylie, for instance, group these geographical
engagements with materiality into three clusters: 'material cultures', 'nature, science
and technology' and bodily experience and practices (Anderson and Wylie,
2009:318). What characterises the work of all three clusters is a tendency to pay
attention to, as Sarah Whatmore, calls it, the 'more than human approaches to the
world' (Whatmore, 2006:602).

This attention to the 'more than human' has its origins in science studies where
authors such as Donna Haraway and Bruno Latour started experimenting with
concepts to challenge the nature-culture boundary. This boundary was regarded as a
major obstacle to rethinking the idea of 'nature'. The challenge was soon extended
to other binary oppositions such as subject/object (Latour, 2004a:76) and the
social/scientific (Latour, 2004b; Haraway, 2004:116), which were blamed, amongst
other things, for the problematic interactions between humans and the material
world. As Stengers half-jokingly sums up her personal motivation:
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There's an incessant reinvention of the world at work here. I don't want to be called
on to see it as the simple, monotonous, and hopeless effects of the force of purely
social relations (Stengers, 2000:43).

These conceptualisations of the world started to influence the social sciences - and
humanities - through projects such as actor-network theory (Latour, 2007, Law,
1992) or, most recently, 'thing theory' (Bennett, 2004). These theorists’ intention to
help 'explod[e] the binar[ies]' (Haraway, 2004: 116) has resulted in the creation of
another: that of the human and non-human. Initially associated with actor-network
theory (ANT), the new binary is now applied across a range of theoretical work.
According to Latour, its benefits lie in the creation of a new relationship between
humans and their 'environment': 'objects and subjects can never associate with one
another; humans and non-humans can' (Latour, 2004a:76). Latour maintains that we
need to recognise that non-humans can act, too, and not merely 'behave' or obey
causal relations (Latour, 2004a:73). Most importantly, it must become evident, that
non-humans have the capacity to 'modify other actors' (Latour, 2004a:75).
Currently, non-humans include anything from large mammals (Haraway, 2008) to
office equipment (Law, 1992), from microbes (Hird, 2010) to minerals (Bennett,
2004). They also include the denizens of Whitehead's 'primary world', 'scientific
objects' such as electrons, atoms or molecules, anything that can form 'associations'
(Latour, 2004a:237). After all, actors are intended to complicate categories. As
Latour puts it, to be an actor also means to be a 'troublemaker':
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Actors are defined above all as obstacles, scandals, as what suspends mastery, as
what gets in the way of domination, as what interrupts the closure and the
composition of the collective (Latour, 2004a:81).

In some ways, such images of matter as a co-evolving 'troublemaker' are already in
circulation. As Melinda Cooper reminds us, 'matter that does something' is often
perceived as having a 'dark side' or even as being the enemy of humankind (Cooper,
2006). For her, this idea underpins the strategies employed in the 'arms race' against
viruses and other pathogens. Cooper's observation that ‘the extension of preemptive warfare to include the sphere of environmental and biopolitics conflates
the eternalization of war with the evolution of life on earth’ (Cooper, 2006:129),
finds its extension to the 'elemental level' in publications such as 'Nanotechnology
and homeland security – New weapons for new wars' (Ratner & Ratner, 2003). Or,
it could be argued, it is already present in the simple claims that matter needs
human control (see Kearnes, 2006). In such cases, the aim is not to 'explode'
binaries between humans and other matter or organisms, but to reinforce them (see
also Dillon, 2007:18). Latour and Haraway, by comparison, pursue the idea of
turning non-humans into 'social actors', or something with the characteristics of
social actors (e.g. Latour, 2004a:76, Haraway, 2008:33). Such a project requires
extensive documentation and experimentation. So far, much of the focus has been
on the 'social agency' of animals (Haraway, 2008), plants (Hitchings, 2006) and
micro-organisms (Latour, 1999). Apart from Latour's occasional mentioning of a
quark or electron (1999:104, 2000:109), there have been fewer attempts to examine
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the agency of the inorganic or the previously 'scientific matter'. Three different, but
related strategies appear to be the most popular for theorising matter.

A concept that has been used frequently in guiding in social scientific
experimentation with matter is ‘sociability’ (Latour, 2004a:76, Hinchliffe, 2001,
O'Rourke, 2008:xviii). Latour defines 'sociability' as the ability to 'associate with
one another' (Latour, 2004:76). Associations can take a variety of forms. An
example is Steve Hinchliffe's analysis of the attempts to classify disease agents
during the BSE enquiry (Hinchliffe, 2001). In his analysis, he demonstrates the
sociability of the disease agents by documenting how they resist not only
categorisation but threaten established boundaries of 'matter' (Hinchliffe, 2001:10).
Other examples of 'resistance' are Latour's electrons which are able to 'object’ to
human claims by ‘behaving in the most undisciplined ways, blocking the
experiments, disappearing from view, dying, refusing to replicate, or exploding the
laboratory to pieces’ (Latour, 2000:116). There are many other ways in which nonhuman actors can form associations, whether through 'forces, bonds and
interactions’ (Serres, 1995b:39) or radical passivity. What appears to define these
associations is that they take place between human and non-human actors, although
the possibility is given that non-humans can form associations amongst each other
(Latour, 1988:193, 2004a:237).

Related concepts are Donna Haraway's 'companionship' (Haraway, 2004) and Jane
Bennett's 'kinship' (Bennett, 2004). Both concepts, again, build on the ability of
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humans and non-humans to form associations. For Jane Bennett, the ability of
'things to move humans', problematises our current relationship with them
(2004:359). Bennett uses the term 'thing power' to refer to this ability. By showing
how 'thinghood' overlaps with personhood, she attempts to destabilise the status of
humans as the only directive force in this world (op.cit). Using the example of
rubbish, she points out how 'stuff' 'commands attention, exudes a kind of dignity,
provokes poetry, or inspires fear' (2004:350). Where 'kinship' differs from
'sociability' is in the conditions under which associations are formed. An example is
the ability of objects to resist. Bennett's non-human 'things' resist and provoke
changes through their 'otherness and wildness' (2004:348). This otherness is
enforced by the fact that 'things' have characteristics humans 'cannot get at' (op.cit.).
Latour's actors, on the other hand, appear to be more dependent on the enactments
of humans, at least in his later work (Latour, 1999:146). He also seems suspicious
of inherent differences between humans and non-humans (op.cit.). Bennett insists
that such images of a dynamic nature or matter are necessary, because they help us
recognise commonalities. This notion of recognition, of 'co-feeling', is central to
Bennett's project as it links to ethical behaviour (Bennett, 2004:361). Through the
realisation that we are composed of the matter that surrounds us, a heightened sense
of kinship can develop (op.cit.). Here, Bennett evokes Lynn Margulis' image of
humans as 'walking, talking minerals' (Margulis quoted in Bennett, 2004:360).
Although Latour's work could also be described as highly ethical, this is much less
explicitly expressed.
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A similar idea has been developed by Haraway who, due to an initial aversion to
kinship's implication of blood ties, has moved towards proposing the concept of
'companionship' (Haraway, 2004:284). In her work, Haraway has focused on
figures such as the cyborg which addresses, amongst other things, the relationship
between humans and technology. Such figures continue to serve as examples of
entities where the boundaries between nature and culture blur (Haraway, 2004:332).
They are 'messy' organisms (2004:265), which embody the connections and coevolution we frequently and even deliberately overlook. 'Companion species' are
one further conceptual development. For Haraway, the idea of 'companionship'
expresses many things, most of all, however, that '[t]o be one
is always to become with many' (2008:4, author's own emphasis). Because of our
long co-habitation with other species which gave rise to constant flows of matter,
energy and code, we are ''never' individuals' (Gilbert quoted in Haraway, 2008:32).
So far, Haraway's examples have mostly revolved around organic 'co-constitutions',
most famously the relationship with her dog, but she also hints at a possible
extension of 'companionship' to inorganic matter (2004:307). As well as learning
about the 'other' (that is not completely 'other'), companionship is about learning
about oneself, about humanity, whether through dogs, sheep or fungi. As Haraway
implies, 'we can learn from our fusions' and take this as an opportunity to try out
'not to be Man' (1991:173).

Under the banner of the non-human, acknowledging agency is a way of forging
new ways of relating to what got previously cast into the space(s) outside of
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society. The various projects represent attempts at challenging the limitations and
widening the idea of the social which, in all cases, involves an enlisting of matter.
For Latour, this matter is made up of entities – molecules, atoms, electrons – which,
through forming relations, are able to act upon the world, very much like (human)
subjects (see Lash, 1999). Haraway and Bennett stress a different kind of
relationality, that of evolved entanglement, which matter is part of (see Haraway,
2008:330). In both cases, matter becomes part of 'human life'. At the same time,
Haraway emphasises that, despite this co-constitutive materiality or 'kinship',
entities need to be respected as well for their differences (2008:88, 232). It is
important that these connections are 'partial' (2004:20). She admits that it is not
always easy to consider oneself as made up of other organisms – or matter. This
difficulty has also been pointed out by Isabelle Stengers who writes: 'we appreciate
cats or dogs as products of biological evolution, but not lethal germs' (Stengers,
2006:1). These germs do not even have to be lethal to be under-appreciated. When
it comes to particles or even micro-organisms, we register them as nothing more
than exchange agents, carriers of matter and information between species. We also
show a reluctance to embrace the blurring of boundaries which, at times, will
involve frightening transformations (see Haraway, 1991:181).

By showing how matter has agency and is part of ourselves or our 'common world'
(Latour, 2004a:239), it has been brought out of the spaces of nature and science. As
part of the 'collective', social science is permitted to theorise it. But an entry into a
collective also implies an admission process. According to Latour, not everything

55

appears to be suitable to enter: 'the collective still has an outside' (2004a:123). This
necessitates that the 'collective' is still subject to experimentation and thus a project
permanently 'under construction' (see 2004a: 238, 242, 195-200). Connections,
associations between and amongst humans and non-humans have to be examined
constantly; entanglements have to be produced and documented rather than
uncovered (Latour, 1999:145). Latour's idea of the collective requires a lot of work.
The pay-off is that through the new ordering of the world into humans and nonhumans, there is an opportunity to integrate non-human concerns and to understand
human concerns as a product of human-material interrelationships (see Law,
1992:3). This leads to the question: what are the concerns of matter? So far, it
remains one of the questions that still need to be worked on. What if matter is not
interested in becoming a 'concerned matter' or a 'matter of concern'?

There has been the suggestion that matter is enlisted in a political project it has not
chosen to become part of (Clark and Hird, 2010; Harman, 2009:24-25).
Particularly, its dependence on human actors has been criticised (see Barad,
2007:178). As it is expressed on the back cover of Pandora's Hope, Latour argues
that there is no 'independent reality, free of human interaction' (Harvard University
Press, 1999). Latour's matter and its representatives are difficult to imagine outside
human institutions such as laboratories, where what they are able to say is 'in part, a
function of the questions asked’ (Kerin, 1999:101). While the imagination of
particles or microbes as resisting human preconceptions has served Latour well in
showing that these entities have agency, it could likewise be interpreted as a
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disabling move, forcing entities to 'sit in silence' until an interaction occurs with a
human scientist who makes them 'speak'. The apparent disregard of what the entity
does outside of human attention has led to calls for a 'recognition that actants need
not have anything to do with humans' (Hird, 2009). Another problem with nonhuman agency's dependence on humans is that the latter can misrepresent this
agency in order to justify certain actions. An example is the danger associated with
seeing atoms, molecules and microbes as co-participants in the process of
invention. The popular image of nature 'doing nanotechnology' could serve to
popularise unchecked technological development (Mody, 2006).

Motivated by a desire to move away from humans as the centre of social-scientific
analysis, science studies scholars have ‘expose[d] a whole new frontier of inhuman
endeavour’ to the social sciences (Thrift, 2008:22). This 'inhuman endeavour'
includes the workings of matter, which has been freed from the spaces of sciences
and nature, where it had been conveniently placed away from the social. The
problem with this move has been that matter is forced to relate, at least partially, to
the social. Latour, Haraway and Bennett's projects are concerned with the idea of
'living together'. Their theories invite experimentation with creating an alternative
politics – or ethics. Latour's 'parliament of things', his Making things public
exhibition and Donna Haraway's explorations of human-dog relationships are
examples of this. There are other theorists, however, who have pointed out that
bringing matter into the social and human sciences by drawing out relations or
commonalities between human and non-human entities may not be an appropriate
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way to theorise matter. Although we share a common world, there is the possibility
that matter does not relate in the same way. Approaches such as Karen Barad's
agential realism or Manuel DeLanda's 'neo-materialism' seem to respond to this
particular criticism. In the following part, I will describe this alternative way of
theorising material agency.

Thinking with matter

Of all new technologies, nanotechnology is the most likely to feature images of a
passive, inert matter. After all, the selling point of nanotechnology is the
mobilisation of matter by human scientists (Roco & Bainbridge, 2003). Although
many of these scientists have argued that they are merely learning from 'nature' (see
Barad, 2007:364), the image of matter requiring 'outside' creativity persists. Where
matter is granted inherent creativity, it is quickly pointed out that the outcomes do
not serve human ends well enough. Again, it remains up to humans to ‘renormalize
pathologies’ (Van Loon, 2002:118). Prompted by images of matter such as these, a
number of social scientists and humanities scholars have begun to place matter at
the centre of their theories. In this section I will describe their approaches, as well
as the implications of these theories.

A theme that unites these authors is a dissatisfaction with the conceptualisation of
matter outside (and sometimes even within) the sciences. Although their
approaches emanate from diverse backgrounds and even criticise one another's
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visions of matter, they agree on the point that no current social theory captures what
matter actually is or does or how we are implicated in it. Karen Barad, for instance,
points to what she perceives to be a lack of interest in matter (2007:132). The
reason, she finds, is that we do not understand it enough and underestimate its
implication in all processes (op.cit.). Barad proceeds to ask how we can maintain
our disinterest 'when the smallest parts of matter are found to be capable of
exploding deeply entrenched ideas and large cities’ (2007:3).
Another common theme is the attempt to bridge between the natural and human
sciences by negotiating scientific and philosophical concepts. Here, the
Copenhagen Interpretation5, chaos theory and thermodynamics meet the theories of
philosophers such as Deleuze and Guattari (DeLanda, Adam and Groves), Lucretius
(Serres, DeLanda), Marx (DeLanda) and even feminist theory (Barad). Each
encounter represents a struggle to comprehend matter and to 'think with matter'.
The resulting eclectic mix of theories can broadly be grouped into two lines of
enquiry. The first, which includes Barad and Adam and Groves, is concerned with
bringing out the agency, the inter-connectedness but also the differences of matter:
to abandon a view shaped by Newtonian logic and to demonstrate how such a
departure 'matters'. The second line, which features DeLanda and Serres, has a
similar project, but is characterised by a stronger emphasis on the link between
chaos/order and creativity/invention/sensation. This link represents a source of
critique of various forms of imposed control.

5

The Copenhagen Intepretation is the standard interpretation of quantum mechanics based on Niels
Bohr and Werner Heisenberg’s formulation, which was laid down in Copenhagen around 1927.
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At this point I return to the work of Barbara Adam. Adam's conceptualisations of
matter developed from her interest in time and its relation to environmental issues.
Her overarching concept of 'timescapes' addresses the impact of material
imaginations on perceptions of the environment and environmental risks (Adam,
1998). 'Timescapes' challenges a matter that has been cast as purely spatial and
temporally passive (1998:9). For Adam, its perceived lack of temporality
contributes to the invisibility of matter or larger accumulations of it, such as
'nature'. If a landscape, however, is also seen as a time-scape, we are alerted to the
temporal/active processes that have built and are building its features. What also
becomes apparent is that 'nature' follows a different kind of temporality than
‘human reality’, the latter being shaped by 'clock time' rather than natural rhythms.
A corresponding idea can be found in the work of Michel Serres who illustrates this
contrast in timescales through the example of the word ‘temps’. Meaning ‘time’ as
well as ‘weather’ in French, the word lends itself to pondering the unity of these
‘two seemingly disparate realities’ (Serres, 1995a:102-3, 1995b:27).

Temps is an aggregate concept, when it means atmospheric conditions, it is a
simple, unitary concept, when it means length of duration counted by the clock, by
an organism or by any given known system. The latter is on the side of the one and
the foreseen, the former is multiple and hard to anticipate (Serres, 1995a:102).

Both Adam and Serres lament that we have unlearned to acknowledge natural
temporality because we believe that we are not dependent on it any more (Adam,
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1998:11, see Serres, 1995b:29). As indicated in the first part of this chapter, this
rejection of the more complex 'earthly scales' results in decisions regarding the
'material world' remaining orientated around our limited 'human scale', creating
amongst other things the effects we know as 'environmental issues' (Adam,
1998:15, see also Serres, 1995a:102, 1995b:29). Adam's solution for avoiding such
short-sighted interactions with our 'environment' is to think of matter as being
synonymous not only with space and substance but with 'rhythmicities, ...timings
and tempos, ... changes and contingencies' (see Adam, 1998:11-2). Through this
move, matter turns from a raw material or product into something more active and
shaped by its own trajectories. As Adam, and philosopher Chris Groves, write, 'the
apparently inert product still carries with it a disrupting potential' (Adam and
Groves, 2007:138). Matter has a future.

The theme of matter having a future, or rather, futures, forms the basis for Adam's
next concept, the 'living future', which she developed with Groves (Adam and
Groves, 2007). To begin with, they proceed to take her critique of simplistic and
passive images of matter further by re-examining our concept of causal logic.
Drawing on scientific theories such as chaos theory, thermodynamics, quantum
theory and theory of dissipative structures, they urge us to reject our dependence on
Newtonian logic, particularly when examining 'risks' (Adam, 1998:44, 50). In order
to live more harmoniously as part of our world, they suggest, it is necessary to go
beyond the immediately observable and sense-able. In this context, Adam stresses
that she does not look up to scientific theories as more truthful or superior forms of
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knowledge, but as valuable perspectives on issues such as 'multiple temporalities,
irreversibility, indeterminacy and the centrality of the invisible' (Adam, 1998:50).
Together with Groves, she brings these theories into dialogue a variety of concepts
from philosophy (e.g. Deleuze & Guattari, Heidegger, Aristotle), anthropology (e.g.
Malinowski) and metaphysics (e.g. Capra).

The essence of the concept of the 'living future' is that the future must not be
visualised as empty and solely open to human action. For Adam & Groves, it is
important that we do not 'stop with organisms’ (Groves, 2005:10): everything has a
future, including matter. And, like Primo Levi's carbon atom that can end up as part
of a rock for millennia or part of living entities for only moments (see Levi,
1995[1975]:233-241), matter has not just one future, but ‘ranges of potential
futures’ (Adam & Groves, 2007:132). Material futures and our futures interrelate,
and, together, they co-produce our common future. To illustrate this relationship,
Adam uses the image of a shattered hologram, where each seemingly disconnected
piece continues to reflect the whole (Adam, 1998:51-2). To emphasise more
strongly how matter actively shapes futures, Adam & Groves draw on Deleuze &
Guattari's image of the artisan who engages with matter in a process of mutual
forming (Adam and Groves, 2007:132). For them, this mutual forming brings
together humans and social phenomena (such as technologies) with organic and
inorganic systems' while 'cut[ting] across different ‘levels of reality’ (2007:134).
The attention to matter is crucial here. It helps us realise that our 'living future' –
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and our past and present - is not only build by actions of minds and bodies - matter
also becomes a 'future maker' (2007:179, 181).

The idea of matter as productive and not just produced also underlies Karen Barad's
conceptualisation of matter which she describes as 'agential realism' (see Barad,
2007:137). A particle physicist as well as feminist science studies theorist, she
proposes that thinking with quantum physics prevents us from thinking of matter as
‘stuff’ the world can be ‘reduced’ to.

Matter is neither fixed and given nor the mere end result of different processes.
Matter is produced and productive, generated and generative. Matter is agentive,
not a fixed essence or property of things (Barad, 2007:137).

Its agency, however, expresses itself differently than the agency of Latour or
Haraway. The first point of contention is the category 'non-human'. For Barad, this
category, which tends to become attached to the words 'actor', 'actant' or 'agent',
already makes a pre-distinction about agency, thus excluding vital possibilities for
re-thinking agency (see Barad, 2007:178). Barad's 'agential realism' attempts to
work against such distinctions by further blurring the boundaries between entities.
This blurring is facilitated by looking at material phenomena at different scales.
Learning about the workings of matter, Barad argues, might help us rethink the
boundaries we take for granted. An example of our casual acceptance of boundarymaking is our reliance on ‘visual evidence’ to determine bodily boundaries
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(2007:155-6). After showing how our visual apparatus makes ‘cuts’ between
otherwise fuzzy boundaries, she asks what it would entail for our thinking about the
world if there are ‘no sharp edges’ between things (2007:156).

Like Adam and Groves, Barad is interested in matter as world-maker. As a starting
point, she uses the Copenhagen Interpretation of quantum mechanics. Barad argues
that the role of the observer implied in this interpretation makes clear that ‘we are
part of that nature that we seek to understand’ (2007:26). As an illustration, she
uses one of the most notorious examples of quantum mechanics, the two-slit
experiment, in which the observation of electron paths collapses the previously
observed wave function. To Barad this to-date-knowledge of quantum mechanics
further destabilises the notion of individual objects (2007:107). To think with
matter, and to think with the quantum mechanics that define it, means that agency is
not localised in individuals (2007:, x). To express this relation, she coins the term
intra-action, as opposed to inter-action, which signifies 'the mutual constitution of
entangled agencies' (2007:33). The term ‘intra’ expresses that something happens
‘from within’ and ‘as part of’, whereas ‘inter’ assumes that something happens
between distinct boundaries (2007:56). 'Intra-action' rules out that one alone can
‘have’ agency (2007:178). As Barad writes, '[n]ot even a moment exists on its own'
(2007: 396).

The Copenhagen Interpretation, but particularly Niels Bohr's 'philosophy physics',
also allow Barad to contest established social scientific ideas even further by
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arguing that even matter and meaning cannot be regarded as separate (2007:3).
Again, boundary making emerges as a key process. Barad proposes that this process
is not only by performed by humans, but also by matter - it literally leads to
decisions about what 'matters' and what is 'excluded from mattering’ (2007:148-9,
394). She proceeds to use the term 'mattering' or making 'agential cuts' to describe
the process by which entities and meaning are produced. 'Mattering' allows the
world to articulate itself and to participate in 'practices of knowing' (2007:379).
Boundary-making becomes meaning-making. As Barad summarises it, matter

is generative not merely in the sense of bringing new things into the world, but in
the sense of bringing forth new worlds, of engaging in an on-going reconfiguring of
the world (Barad, 2007:170).

As the world emerges as truly agentive, this brings new possibilities for re-thinking
our relationship with it (see Barad, 2007:393).

Both Barad's and Adam's approaches reflect a strong theme of responsibility. The
way matter is shown as 'agentive' results in our co-implication in 'world-making',
and, in Adam and Grove's case, 'risk-making'. No one – and nothing - escapes this
responsibility. A positive consequence is that this agency of matter also emphasises
our own agency. As Prigogine and Stengers might put it: 'individual activity is not
doomed to insignificance' (1986:313). This relationship between material and
human agency, as developed from observations of 'matter', is also central to the
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work of Manuel DeLanda and Michel Serres. As opposed to Barad and Adam and
Groves, however, they focus particular kinds of agency such as resistance and
invention.

From a social science viewpoint, Manuel DeLanda has a peculiar image of the
world. He views reality as a 'single matter-energy' (DeLanda, 2005 [1997]:21).
Taking inspiration from Deleuze and Marx, he speaks of his philosophy as ‘neomaterialism’ (DeLanda et al, 1996). DeLanda's other inspiration are processes of
self-assembly, which, for him, draw out the agency and expressions of matter. Selfassembly is the capacity of a chaotic system to independently generate order.
Normally a term reserved for certain molecular behaviour, or, the behaviour of
larger particles, DeLanda extends this process to 'higher' levels of life. By showing
that spheres as diverse as geology, economics, biology and linguistics share
common phenomena of self-organisation, he arrives at classifying even our 'human'
attempts at ordering matter as being subject to the same processes (2005:21). The
whole world becomes an assemblage of 'energetic, genetic, linguistic...materials'
(op.cit). For DeLanda, the recognition of the implication of matter-energy systems
in all forms of life is a significant step towards the rethinking of 'entities'.

An important category for DeLanda is that of 'non-organic life'. In a similar manner
to Bennett's way of creating 'kinship', humans cease to be distinct from non-human
life as they are ‘as much inhabited by the phenomena of 'non-organic life' than they
are by the more familiar phenomena of organic life' (DeLanda, 1992:133). In
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contrast to Bennett, whose vision of materiality otherwise sounds similar, DeLanda
emphasises the importance of recognising the common processes rather than the
common component. For DeLanda, the flows of matter, energy and information are
more important than the entities that emerge from this process (see DeLanda,
2005:259). In fact, DeLanda aims to get rid of essences (DeLanda, 2004). In this
sense, non-organic life, such as a tornado, could be considered ‘alive in the sense of
being creative and generating order without having genes or having organs or being
an organism' on the one hand (DeLanda et al, 1996). On the other hand, it is not a
totally independent life-form, as it is generated, maintained and destroyed by a
process of matter-energy 'intensification', a term DeLanda borrows from Deleuze
(DeLanda, 2004).

For DeLanda, thinking in terms of matter-energy flows is vital for engaging with
our past and future interventions in our world. This awareness needs to go beyond
the idea of mere mutual implication, although this relation is not unimportant
(DeLanda, 2006a). What we need to sensitise ourselves to, according to DeLanda,
are certain kinds of material processes, the notion of 'intensification' being a key
example of a neglected consideration. As DeLanda puts it, 'we don't think in terms
of critical points [after which things become] irreversible', a problem, he finds, we
are currently experiencing with global warming (DeLanda, 2004). Similarly, he
finds, if we look closer at processes of self-assembly and ordering we would notice
that, if only order existed, we would arrive at a 'block universe', devoid of
opportunities for development (2006b:21). This idea leads DeLanda to argue
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against an over-imposition of order, whether this concerns our food supply, our
means of communication or anything else. Instead, he promotes the accidental,
'chance encounters' (op.cit).

Ideas of (dis)order and chance can also be found in the work of Michel Serres. To
Serres, a philosopher of science, matter is similarly all-encompassing: the
world/nature and even history is matter (Serres, 2000:131). This matter is
inherently productive. The source of this productivity, for Serres, is chaos (Serres in
Serres & Latour, 1995:117). For Serres, chaos represents potential, generativity. If
there was only or predominately order, everything would stagnate. In Serres
universe, matter is prevented from stagnation through the 'clinamen', a concept
which he borrows from Lucretius. The 'clinamen' is an infinitesimal deviation
atoms undergo to produce vital change, and as such prevents us from a machinelike existence (2000:91). Much more strongly than DeLanda, Serres bemoans the
fact that change and chaos are mostly unwanted and even feared (e.g. 1995a:108),
whether it is in the shape of the complexity that underlies our weather, the 'noise'
that appears to be in the way of 'clear' communication or the 'unwanted world' we
try to keep outside of our laboratories (see Serres, 2000:68). The alternative, a
world without chaos, Serres warns, is to be far more feared - it is potentially 'lethal'
(Serres, 1995a:133). He hopes to draw attention to the potentially destructive link
between our desire to control and our under-appreciation of the 'clinamen', the
problems with holding up order as a synonym for improvement. In his view, the
imposition of order leads to the exact opposite: homogenisation, self-restriction and
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stagnation (1995a:108). These prevent that which Serres values most: invention
(op.cit). Rather than coming about through order, invention occurs through
connections that are made through interferences within chaos or 'unsystematic'
activity (Serres in Serres and Latour, 11995:117).

Invention also signifies a means of interfering in the perpetuation of the kind of
exclusion that is performed through excessive ordering (see Assad, 1999:6). Should
order, against all efforts, become the dominant force, the clinamen represents
Serres' hope that control over matter can never be total (Serres, 2000:91). So far, it
sounds as if invention has mostly positive connotations for Serres: all of his writing
is geared towards promoting connections across space and time (Serres in Serres
and Latour, 1995: 64, 117). Yet Serres also realises that inventions can be
problematic. The arrival of new technologies, he notes, entails a potential
limitlessness of possibilities and inventions. Again, he sees the problem in the
imposition of order, cautioning us that if we try to impose an ill-conceived order on
matter rather than enter a partnership with it, ‘the world after Hiroshima may still
die from atoms’ (Serres, 2000:134).

What characterises all of these approaches is that, compared to attempts to 'make
matter social', they take our knowledge of matter as a first point of call. Not 'social
concepts' of kinship or sociality, but phenomena at different scales, particularly the
atomic and subatomic scale, form the basis for theorisations. The authors also
manage to show that an engagement with matter is not 'abstract' and that it leads to
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important insights for human and human-material interrelations. The spaces of
atoms and subatomic relations are not a place 'down there' that is only accessible
through the instruments of science. It is within us and around us and even exceeds
the space of our planet. Such interrelations are not always easily comprehended.
For instance, matter emerges as an agentive, but also different reality, included in
our own. As all authors point out, such an image can help destroy our dangerous
'fantasy of distance' (Barad, 2007:396). Realising these differences, they argue, will
help us better understand and act in our common reality. At the same time they
admit the difficulty of seeing this 'alternate' reality as part of our reality. Some
authors, particularly DeLanda and Serres, suggest certain practices to assist in resensitizing us to the workings of matter, such as sensory exploration. Also evoking
the Deleuzian 'artisan', DeLanda suggests that by working with our materials we
arrive at a 'sensual knowledge' of matter (DeLanda et al, 1996). For Serres, there is
a direct link between our underappreciation of chaos and our neglect of sensate
experience (Serres, 2008). Sensation represents a primary source of invention, a
point where 'objective reality and subjective intellect invent together’ (Assad,
1999:76). It is a point where we open ourselves to the 'noise' of materiality. Thus,
sensation realises us as ‘in the world, of the world, in matter and of matter’ (Serres,
2000:131). This link between matter and sensation will be discussed further in
Chapter 4 and, particularly, Chapter 5.

For the social sciences, making an 'agentive' matter the starting point for our
analyses means a re-examination of our ideas of linearity, order and what DeLanda
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terms our ‘organic chauvinism’ (DeLanda, 2005:103). Realising the various
mechanisms by which matter escapes control and how we are implied in this
process means that we cannot retreat to fatalistic images of the control of matter
(see Anderson et al, 2007, Kearnes, 2006) or a lack of control over our future (see
Giddens, 1999). When it comes to 'risks', for instance, we and matter are part of
these risks-in-the-making. On our part, we need to, as Barbara Adam writes,

allow ourselves to be troubled by a) our understanding of the significance of our
actions and their interactive effects at that level of reality and b) by our ignorance
about its ripping through other material, spatial and temporal levels of existence
(Adam, 2006a, 13-14).

This 'bottom up' way of thinking adds an additional ethical dimension in the sense
that it ‘shifts our understanding of what we consider important, relevant and
justifiable’ (Adam, 2006a:16). And, most importantly, it enables. Whereas in
Beck's theory the emphasis lies on building an inter-human kinship through fear of
an invisible matter, the theory of an agentive matter takes invisibility, lack of
boundaries and unpredictability as an opportunity to build a better understanding of
our world. Without a sound theory of matter, it could be argued, the invisible will
continue to paralyse us.

It could also be argued that, because of their connectedness to the natural sciences,
these theories have attracted the least interest of all attempts to make matter an
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object of investigation in the social sciences. There is a concern that 'thinking with
matter, and particularly the advocacy of chaos, could be dangerously apolitical or
'anarchist' (audience member criticising Serres, 2008c), while the hope that a lively
materiality will provoke ethical responses is feared to be naïve (see Bennett,
2004:349). 'Theorists of matter' have been able to fend off such accusations by
calling attention to the fact that they are taking seriously the opportunity of an
encounter between the human and the natural sciences. Such a meeting requires that
they encounter matter 'half-way', as Karen Barad would perhaps put it. Other
authors, like Adam and Groves, admit to the shortage of social theories of
materiality suggesting viable or recognisable paths for political action (2007). They
call for scholars to develop concepts that 'matter' and have application beyond the
space of theory.

A criticism that is not so easily defended against is this very enlisting of matter in
another political project. A further, but connected criticism is the inability of
theories that emphasise an unavoidable interconnectedness 'to account for the way
in which entities are partially cut off from their own pasts and from each other'
(Harman, 2008:374). These criticisms have attracted constructive responses, for
instance, through the work of Graham Harman, who poses the paradox that objects
do not appear to relate, but, at the same time, 'relate without relating' (2008:382).
Such objections represent a valid criticism. What this thesis is interested in,
however, is exactly the potential 'political project' – or challenge - this 'agentive
matter' of Barad, Adam and Groves, Serres, and DeLanda entails, especially the
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integration of the concept into spaces 'beyond theory', such as institutional cultures
(Adam and Groves, 2007:191). These theories represent, to different degrees,
radical departures from social scientific theories of materiality. Their challenge to
political life, in the case of this research to ideas and processes of public
engagement, is likely to be even greater.

Conclusion

This chapter has given a broad overview of the three approaches to an active or
agentive materiality that are currently available to the social sciences. These
approaches have been taken up by social scientists to varying degrees. Risk theory's
imagination of human-made matter as an invisible, runaway substance posed
against society represents a very common way of conceptualising matter (see Clark,
2002). Its usefulness for questioning expert opinion and bringing out value of
public opinion have made it an indispensable tool with applications beyond the
social sciences. Beck's question 'how do we wish to live?' (Beck, 1992a:28) is a
major force in shaping current public engagements with new technologies (see
Jones cited in Kearnes et al, 2006a:58). The concept of non-human interactions,
that everything forms alliances and is thus part of the 'social', appears to be
evolving into a dominant view, particularly in geography. Compared to 'risk
theory', it has only slowly been taken up outside academia, for instance, through
social science influenced think tank publications (e.g. Kearnes et al, 2006a). The
concept of an agentive matter, which is independent, but simultaneously
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constitutive of society appears to be the least well-travelled approach. As already
mentioned, this is partly because it is seen as lacking hooks for political action or,
as Graham Harman implies in his description of DeLanda, too 'esoteric' (Harman,
2007). The more frequent reason, however, is the perception that this kind of matter
is irrelevant (see Barad, 2007:132).

This is particularly the case for spaces outside academic discourse (e.g. Crowther,
2008).
Here, the main argument for the lack of engagement with the 'matter' of the
nanoscale is its inaccessibility to the senses. Yet not to facilitate an engagement
with the materiality of new technologies, or other 'environmental issues' bears
hazards of its own. Ignoring the agency of matter in the context of public
engagement, for instance, could lead to power imbalances. As Adam and Beck both
point out, a non-engagement with matter creates a realm that is accessible only to a
pool of experts located in the domains of science or philosophy (see Adam, 2006b).
Publics, for instance, would be forced to look for information from other sources
which might shift the debates to other arenas. Furthermore, unequal knowledge
about materiality not only creates power inequalities, but also hides the degree to
which materiality plays a role in these issues. As Steve Hinchliffe writes, issues of
materiality should not be seen ‘as matters that lie outside our societies’ (Hinchliffe,
2001) and therefore outside of public debate. In his analysis of the BSE inquiry he
shows how ignoring aspects of matter such as its sociality, spatiality and
temporality can lead to an 'intensification of risks' (Hinchliffe, 2001:6).
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Because of such real and potential consequences, there is a growing consensus that
the social sciences should play a role in promoting an engagement with matter. As
Adam and Van Loon write:

if social theory is to play a meaningful public and political role, it needs to
provide analyses not only of people’s perceptions, definitions and legitimations of
such risks, but also of the mutual constitution of implicit assumptions,
technological imposition and uptake, and the mediation of otherwise inaccessible
knowledge (Adam and Van Loon, 2000:3, my emphasis).

Mediation is an important concept here. Adam and Van Loon continue to
emphasise that mediations have the capacity to 'transform risks themselves’
(2003:26). Looking at the conceptualisations of matter and their consequences that I
surveyed in this chapter, the social sciences need to consider to take 'mediation'
further than before. If the idea of an agentive matter is really taking seriously, this
necessitates that social scientists become involved in opening up access and in
creating awareness of certain areas of knowledge in which they traditionally have
little competence in or are even ideologically opposed to.
The following chapter will address how social scientists are currently dealing with
the mediation of 'risks' in the context of public engagement with nanotechnology.
Through an analysis of current participation methods, I will make suggestions how
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the concept of an agentive matter could assist in the process of engaging publics
with nanotechnology.
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Chapter 3
Public engagement with nanotechnology – A 'new model of science
and society'?

There has hardly been a shortage of nanotechnology-related public engagement
projects - or pilots, rather. With the UK government's growing investment in
nanotechnology, anxiety about how ‘the public’ will react to its promises and
interventions in the atomic scale is growing proportionally (see Kearnes et al,
2006b:291). The on-going controversy around genetic engineering is an everpresent reminder of the adverse economic and political effects both public opinion
and the wrong kind of public engagement can have (see Nowotny et al, 2001:83).
The Economic and Social Research Council’s (ESRC) analysis of the current risk
management tactics suggests that a repeat scenario will be inevitable if the UK
government does not change its strategies of relating to ‘the public’ (ESRC, 2006).
Prompted by such recommendations, the government has invested in projects which
are seeking to develop new methods for managing the hazardous mix of
miscommunication between policy-makers, scientists, industry and ‘ordinary
citizens’ which is believed to be the main source of dissent. This kind of endeavour
is unprecedented in that it aims to pre-empt rather than negotiate a controversy
about a new technology. It is hoped that, at this early stage, the obscurity that still
surrounds nanotechnology will give public engagement practitioners the chance to
work with participants who have not yet formed ‘deeply entrenched or polarized
positions’ (The Royal Society and Royal Academy of Engineering, 2004:64). This
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ambition is likely to have contributed to the speed with which the first wave of
nanotechnology engagement pilots was implemented.

In parallel with the government projects, non-governmental organisations have
formed their own nanotechnology initiatives, partly to challenge, partly to support
the government, through alternative approaches. In fact, some independent
nanotechnology enquiries preceded government-funded projects. The UK
government’s Outline Programme for Public Engagement on Nanotechnologies
(OPPEN) lists three government-sponsored programmes, Nanodialogues6,
Smalltalk and the Nanotechnology Engagement Group (NEG) (Gavelin et al,
2007:7). It further lists seven non-government funded programmes such as the
NanoJury UK, Citizen Science @ Bristol, Democs, Global Dialogue for
Nanotechnologies and the Poor (GNDP), Nanotechnologies, Risk and
Sustainability, Nanologue, the Institute of Nanotechnology and Nanoforum. These
were supported by a myriad of non-governmental organisations (e.g. Greenpeace,
Wellcome Trust, The Royal Society), research centres and councils
(e.g.Biotechnology and Biological Sciences Research Council), trade organisations
(e.g. Trades Union Congress) and the media (e.g. The Guardian)7. In addition,
several projects, such as ScienceHorizons (2007), tackled nanotechnology
alongside other new technologies. Despite the impression of 'counter-initiative'
given by these alternative projects, the government's ‘will-to-deliberate’ at such an

6

There was a forerunner to this project – Governing at the nanoscale, a research exercise which
was aimed at trying out new methods rather than feeding into policy (see Kearnes et al, 2006a:67).
7

See Appendix 2 for a timeline of UK nanotechnology engagements and their funders/facilitators.
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early stage of technological development is generally met with approval by many
non-governmental organisations who have been campaigning for greater
transparency and public involvement. The same is true for social scientists, many of
whom have been working towards new forms of engagement with innovation
(Burgess, 2005; Davies et al, 2003; Macnaghten et al, 2005) and have, in some
cases, substantially contributed to shaping new concepts and methods. With some
of the established methods in disrepute, calls for methodological experimentation
are being met with unprecedented support. The NEG report states that methods and
outcomes of both governmental and non-governmental projects are being evaluated
and drawn upon to shape future communications (see Gavelin, 2007:7). With social
scientists involved in both, nanotechnology engagement emerges as an opportunity
for social scientists to have a significant influence on how this debate is handled
(see Macnaghten, 2010; Macnaghten et al, 2005).

A particular focus of current experiments is 'dialogue', in particular, dialogue
between scientists and publics. In this chapter I will show how proposals for
dialogue have been a response to pressures to move away from the unidirectional
communication of the 'deficit model'. While the move towards two-way
conversation has mostly been lauded as a progressive development, the discomfort
with the 'deficit model' and its connotations of forced science education and
patronising attitudes of scientists and other 'experts' has led to an uneasiness with
the 'scientific side' of nanotechnology. This situation is aggravated by the perceived
elusiveness of nanotechnology. As a result, the current priority of engaging publics

79

with the 'social' aspects of nanotechnology contributes to the exclusion of publics
from important debates around innovation and technological trajectories. I will
suggest that the lack of attention to the 'matter' of nanotechnology contributes to its
unhelpful framing as an 'invisble' and 'inaccessible' risk that is only accessible to
scientists. The disabling of publics from commentary on the 'scientific issues' of
nanotechnology thus re-enforces the boundary between scientists and 'the public' in
spite of efforts to build across it. Drawing on the concept of an 'agentive matter', I
will argue that public imaginations of matter need to be supported rather taken than
off the agenda.

Engaging Publics

There has been much debate around who or what this 'public' actually is that
appears to be the object of public engagement (see Warner, 2002; Barnett, 2007).
Vague definitions such as 'ordinary people' or 'the community in general' (see
Benyon and David, 2008:13) have been criticised as giving the impression of a
'public' as an undefined mass of 'atomised individuals with no social composition'
(Wynne and Irwin, 1996:215). Such accusations have prompted many authors to
replace 'the public' with the plural 'publics', as a way of acknowledging its
heterogeneous composition and its strong dependency on context (see Benyon and
David, 2008:13; Barnett, 2007; Nowotny et al, 2001:256; Warner, 2002). A figure
that makes frequent appearance in such debates is critical theorist Jürgen Habermas.
His notion of the 'public sphere' as an open-to-all process of opinion formation is
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used to explain how publics come into being. Central to the idea of the public
sphere are its beginnings in the 'private sphere' and the threshold where collective
dialogue grows beyond these boundaries to have an influence on the political
(Habermas, 1989). This imagination of public agency has been contested through
various counter examples. Michael Warner and Nancy Fraser, for instance, have
each shown how some publics, whom they call counter-publics, are unable to
directly influence the political sphere (e.g. Fraser, 1992; Warner, 2002). Warner
also argues that publics are often pre-shaped by how they are addressed (Warner,
2002). As an example, non-academic public engagement literature, articles, reports
and presentations tend to give a fairly clear idea who the 'publics' are that are being
addressed. In most cases these are 'non-experts'8, e.g. non-civil servants, noncorporate representatives, non-scientists. To get a better sense of who the publics of
specific engagements are, research is being invested into delineating them, such as
during the Office of Science and Technology (OST)/Wellcome Trust’s 'Science and
the Public' project in 2000, which found six main attitudes according to which
'different groups of the public' could be categorised (Benyon and David, 2008:1314). While such exercises help to make public engagement more directional, they
also exclude certain publics. Despite such reservations, Habermas's theory has
substantially influenced and continues to influence the development of the recent
change in public engagement methods, which came to be referred to as the
'deliberative turn' (e.g. Burgess, 2005; Davies, 2006). In this thesis, public
engagement will be defined as a means of 'convening publics', as a process that

8

The ESRC defines public engagement as mainly an interaction between 'specialists' and 'nonspecialists' (Benyon and David, 2008: 14).
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summons and is directed at particular audiences (see Barnett, 2007). The notion of
'convening' a public is crucial to public engagement with nanotechnology, which
could be perceived as lacking publics, although these are frequently assumed to be
the same 'concerned citizens' who have spoken up during the GM controversy
(Gavelin et al, 2007; Kearnes et al, 2006a; Stilgoe, 2007 – more about this
relationship in Chapter 7).

Public engagement in the UK has multiple origins. Janet Newman identifies some
of its influences in the 'consumerist' or 'professional' take on public services put into
place in the 1990s, and in concerns about the perceived divide between government
and citizens (Newman, 2007:2-3). Before the turn towards public engagement, 'the
public' was assumed to have similar ideals to that of the government, such as
greater control of risks (see Irwin and Wynne, 1996). Expert decisions were
commonplace as publics were believed to lack appropriate specialist knowledge
(Wynne, 1996). When this approach started to meet resistance, public engagement
was conceived as a strategy to acknowledge the input of 'non-experts' (Nowotny,
2003). From the perspective of the government, its growing pursuit of involving
citizens in decision-making is both 'risk management' and a sign of 'good will'.
Public engagement represents a safeguard that the government's decisions express
the will of 'the public', so that 'the public' will not oppose them (see Stilgoe,
2007:18). It also constitutes a voluntary practice that goes beyond more simplistic
alternatives in the legitimisation of democracy (see op.cit.). With the latter gesture,
publics are cast as 'active' constituents of democratic governance. This change from
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thinking of citizens as mere consumers of governance is mirrored in the
proliferation of public participation 'handbooks', aimed at helping civil servants and
other fledgling engagement practitioners to adequately respond to the new situation.
The phenomenon of public engagement is not likely to subside in the near future, if
observations that publics are increasingly expecting to be integrated into processes
of decision-making are correct (see Barry, 2001:127). It has also been pointed out
that public participation has become competitive. Especially when it comes to the
introduction of new technologies, countries, such as the UK, are aspiring to become
'leaders in public engagement' (see Newman, 2007; Stein, 2003). Again, such
aspirations contribute to giving the 'deliberative turn' some resilience.

One result of the current ambition to transform publics from mere consumers of (or
threats to) governance has been the conception of publics as a ‘resource’ for
governance (see Kadlec, 2009). In this model, citizens are seen as bearers of
valuable external knowledge and 'insights that may otherwise go overlooked’
(Gavelin, 2008). They are also regarded as bearers of duty – the duty to surrender
their knowledge to help the government make 'better decisions' (Crowther, 2008;
see also The Times Higher Education; 2005, Gavelin, 2008). Critics have pointed
out that the casting of citizens as a resource merely generates an illusion of active
participation. Josephine Anne Stein, for instance, suggests that citizens continue to
have no impact on actual decision-making or the shaping of governmental
processes (Stein, 2003). Others, such as Janet Newman, argue that public
engagement seeks to transform citizens at least as much as the institutional
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structures or processes that engagement activists are hoping to transform (see
Newman, 2007:2; see also Dahlgren, 1991:2; Barry, 2001:127; Ferree et al,
2002:297). Newman supports her argument by drawing attention to the 'extremely
narrow political imaginary' that emerges in these engagements (2007:2). For
Newman publics are prevented from exercising greater influence because this
imaginary is 'highly particular, highly localised, or framed in ways that offer an
extremely thin agenda for deliberation' (op.cit). While Newman finds that the
majority of people driving the reforms of public engagement have the most sincere
intentions, she wonders whether these new forms of participation are too closely
aligned with current government agendas and thus bar publics from expressing
alternative or 'imaginative responses' (op.cit).

The lack of opportunity to voice alternative responses was also one of the criticisms
that accompanied the first mass public engagement with a new technology, GM
nation? (Heller, 2003). This project tried to counter the sentiment that the public
had been bypassed in the development of genetically modified crops (Greenpeace,
2005a). The result of a recommendation by the Agricultural and Environment
Biotechnology Commission (AEBC), GM nation? was designed to be an
'unprecedented event', shaped by government and public alike and involving a
variety of stakeholders from different backgrounds, such as scientists and NGO
representatives, in order to generate a more integrated debate (Heller, 2003). By
shifting from an earlier mode of 'polls, interviews or focus groups' to one of critical
exchange, the government hoped to take steps towards a change in the way it

84

interacted with its citizens (op.cit.). Exactly what kind of engagement GM nation?
was did not become entirely clear, confusing many of its analysts (Gaskell,
2004:243). George Gaskell offers the following explanation:

...GM Nation? did not claim to be a survey or a referendum, and
not clear what it was, it might be construed as a legitimate

although it is

extension of the

political process, adding the voice of another interest
group — a section of the public — to policy considerations (op.cit).

GM nation? could thus be seen as an experiment with a new method. This is also
reflected in its promotion of 'new interactive methods' such as the introduction of
the Democs card game, developed by the New Economics Foundation 'to make it
easier for people to work out, share and express their views on public policy issues'
(Heller, 2003:48). Gaskell does not see a problem in this. The only problems, he
finds, are likely to occur if experiments do not get declared as such (2004:243).

GM nation?'s debate-centred model came under fire from government and industry
when it produced results which were both critical of the government and corporate
ownership. Accusations that 'the public' had been actively manipulated in these
exercises by lobbyists (see Wynne, 2007) were followed by rebukes from
participants who felt they were not being asked the right questions. This conflict
never seems to have been fully resolved. Especially after the government agreed to
approve of Bayer's genetically modified Chardon LL feed maize, many participants
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felt that the debate's results had been ignored, giving GM nation? the reputation of
a 'sham' event (see Gaskell, 2004:244). Against the background of governmental
failures in dealing with previous 'scientific issues' such as BSE, the MMR vaccine,
nuclear power, asbestos and Thalidomide, deafness to the public's environmental
and ethical concerns was perceived as a sign that major investment and political
favours were privileged over the will of the majority of citizens (see Stilgoe and
Wilsdon, 2007). This further aggravated public distrust of governmental expertise
and impartial endorsement of scientific and commercial practices (see Kearnes and
Wynne, 2007:140).

With the appearance of nanotechnology as another - potentially even more
controversial - technology, critics asked whether the government would attempt
another ‘muddle of engagement’ (Bown, 2005) and decide over the heads of its
citizens once more. As a first reaction, which could be interpreted as a form of 'noconfidence vote', the NanoJury UK - an independent enquiry9 - was launched
before any government enquiries could be assembled. When government-initiated
projects finally appeared, they had the difficult task of assuring that current efforts
were genuine and that their outcomes would be taken seriously. As Wilsdon and
Willis conclude, 'policy-makers and the science community are desperate to avoid
nanotechnology becoming ‘the next GM’’ (2004:19).

9

The NanoJury initiative emerged from communications between the Interdisciplinary Research
Collaboration on Nanotechnology at Cambridge University and Greenpeace and attracted funding
from the Unilever based Leverhulme Trust, the Guardian newspaper, the FRONTIERS Network of
Excellence in Nanotechnology and PEALS (the Policy, Ethics and Life Sciences Research Centre at
the University of Newcastle).
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The concrete aims of nanotechnology engagement are easy to identify and hard to
pin down at the same time. The suggestion that GM nation? had failed because it
lacked clearly defined goals (see Wilsdon and Willis, 2004:38) resulted in a precise
staking out of targets for nanotechnology engagement, which can be traced through
many pre- and post-engagement reports. Such clarification not only signifies
transparency, but also facilitates an easier measurement of the engagements'
success: evaluators can check whether targets have been met. The overall aim of
nanotechnology engagement, mainly described as 'controversy prevention', is not
quite so transparent. It appears as if a new controversy is seen as an undesirable
situation by all stakeholders. There is considerable discrepancy, however,
particularly between social scientists and government representatives, about the
conditions of this prevention, as I will proceed to explain.

Nanotechnology engagement is frequently described as a 'test case' for so-called
'upstream' engagement (Gavelin et al, 2007:78). This kind of engagement is
intended to involve publics in decision-making processes before the innovation of a
particular technology progresses beyond a stage where its trajectory can be altered.
From the government's perspective, engagement at this early phase of technological
development presents it with a public which has less of a chance to form fixed
opinions and is still open to influence (see Gavelin, 2008). Therefore, it is seen as a
key method in the prevention of controversy. How 'upstream' engagement should
take place, and what the exact function of it should be, varies from practitioner to
practitioner. For most social scientists, 'upstream' engagement goes hand in hand
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with 'system change' (Stilgoe, 2007:74-5). Because it allows publics to participate
at such a crucial moment of technological development, it is hoped that it will result
in a long-term problematisation of innovation (see Wynne, 2006a:75) and lead to a
lasting mutually beneficial relationship between publics and innovation,
counteracting the image of publics as 'technophobes' (see Gaskell, 2004:242). It is
further hoped that public input will bring a social dimension to innovation (op.cit),
ideally paving the way for publics co-shaping techno-scientific, governmental and
economic trajectories.

These social-scientific goals are shared by the government only to a degree. While
numerous government reports emphasise the benefits of public input at the
innovation stage, they also portray 'upstream' engagement as a means to, as Andrew
Barry might phrase it, ‘minimis[e] the possibilities for unexpected political
controversies and conflicts at a later date’ (Barry, 2001:148). Controversies are
primarily framed in terms of risk to economic health. The government, having
identified a lack of trust as the main obstacle to public uptake of new technologies,
aims to re-build this trust by opening itself up to public scrutiny and input before
strategies have been agreed on. Against this background, the new engagement
paradigm is seen as conflict resolution – between government and publics – and not
as problematisation, in order to guarantee public support (see Pearson, 2008). This
imagination of controversy prevention was not unexpected, but its pervasiveness,
even amongst supposedly 'independent' engagement facilitators, causes concern in
social scientists camps (Wynne, 2006a; Stirling, 2007; H.Rose, 2007). The main
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worry appears to be that if the government once more runs an engagement only to
go ahead with its original plans, the damages to the reputation of democratic
decision-making will be worse this time (see Wilsdon and Willis, 2004:20).

This conflict of motivation also underlies the much publicised goal of working
towards a ‘new model of science and society’ (Stilgoe, 2007:18). This goal is
expected to be brought about by a combination of fostering a culture of
transparency as well as a ‘new relationship between citizens and science’ (e.g.
Gavelin, 2008, references, see also Pearson, 2008). This notion follows closely
Ulrich Beck's call to work towards a 'public science' rather than a science that
continues to be separated from society (Beck 1992b: 119; see also Demeritt,
2006:460). For some stakeholders, these aims are not strongly enough directed
towards economic ends. In fact, there have been instances where companies have
tried to fill the ‘institutional void’, undertaking public engagement with publics to
have their interests better represented (Stilgoe, 2007:14). This 'competition' is of
some concern to both governmental and non-governmental organizations as there is
a fear that public engagement might become tainted if the lines between
commercial and governmental imperatives are blurred (Stilgoe, 2007:15). So far, it
seems, as though the government itself is pushing the economic agenda. As Ian
Pearson, then UK Minister for Innovation, remarked in his opening speech at an
industry-orientated nanotechnology showcase, transparency about nanotechnology
research, and improved relationships between science and public, are ways of
getting 'UK consumers to embrace innovative products' (Pearson, 2008). Pearson's
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vision clearly portrays public engagement as a way of generating enthusiasm for
reviving the economy. This kind of thinking is not only expressed by government
representatives, but by some public engagement agencies. At the same
nanotechnology showcase, a representative of 'public participation specialists'
'Involve' described the goal of public engagement as: ‘to diffuse controversy [and]
ensure buy-in’ (Gavelin, 2008).

Such statements raise questions about policy-orientated engagement's dual
commitment to economic competitiveness and genuine engagement (Wynne,
2006a:75). From the 'official' side, this commitment does not appear to be seen as
conflicting. Pearson, for instance, insouciantly presented the UK's imperative to be
a 'world-leader' in public engagement, as well as in nanotechnology research and
development (Pearson, 2008). What social scientists are concerned about is not
only the government's lack of reflexivity and sensitivity, but also the government's
strategies of how public engagement is supposed to achieve better relationships
between publics and government. The notion that greater transparency will bring
greater trust in the governance of science and technology has been met with
particular suspicion. Recent criticism coming out of anthropology and development
studies has sensitised social scientists to the possibility that transparency can
function as a new means of controlling publics and shifting responsibility (see
Tsoukas, 1997; Strathern, 2000; Kothari, 2001:147; Irwin, 2001:12). As Haridimos
Tsoukas suggests, 'expert system[s] cannot be made fully transparent' – there will
always be a 'knowledge asymmetry' between experts and non-experts (Tsoukas,
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1997:834). He also argues that more information does not equal less conflict – in
fact, more conflict may be generated through more transparency, which, in return
may result in less trust (op.cit.). Thus, transparency may not be key to trust-building
it is hoped to be. A question that occupies social scientists - and the government - is
'how to make transparent' (see Stirling, 2009; Sheridan, 2009; Pollock, 2009). The
social scientists' suggestion has been to take the promise of transparency and
engagement with scientists and science as an 'opportunity to build a new type of
socially robust science’ (Kearnes et al, 2006a:39; Nowotny et al, 2001:258). This
concept would involve making the system of science and the 'underlying purposes
of scientific research and technological innovation’ accessible to publics (see
Gavelin et al, 2007:4). It would also have the additional benefit of scientists being
supported in reflecting on the relations between their everyday work and wider
implications (see Kearnes et al, 2006a:40). This vision of transparency appears to
have been taken on board, as evident from the support this research has received.
Still, it continues to be haunted by fears of public persuasion.

By describing the contradictory ideas behind the new form of engagement, I have
indicated that there are two different concepts of 'controversy prevention'. The first
one is expressed in the strategy of gaining public trust by inviting publics to
monitor the process of innovation and to make recommendations. The second one
understands controversy prevention as a system change towards socially informed
innovation. This uneasy relationship continues to be negotiated, for better or for
worse, during the actual public engagements and their evaluations. The questions
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'how to make transparent' and 'how to negotiate these tensions' have also shaped the
current methods of engagement. What appears to have shaped these methods most,
however, is another tension engagement activists are wrestling with: how to open
the space of science for discussion without making non-scientific contributions
come across as inadequate.

'Experiments in Dialogue'

‘Properly targeted and sufficiently resourced public dialogue will be crucial in
securing a future for nanotechnologies’ (HM Government, 2005:20). Similar
statements can be read across many nanotechnology-governance-related
publications. They are an indicator for the growing use of dialogue as a method.
Social scientists have greatly contributed to the popularity of 'dialogue' as a model
for public engagement, referring to the work of theorists such as Habermas,
Gadamer, Dewey, Bohm, Buber, Bakhtin, Freire, Kristeva and even Ancient Greek
philosophers such as Socrates (see Elliott, 2003; Roberts, 2002). Despite the
number of influences, current understandings of dialogue in public engagement
mainly appear to draw on Habermas' idea of rational discourse, 'in which claims
and assertions are backed by reasoned, understandable arguments’ (Ferree et al,
2002:303). The desire to show that publics can engage in rational deliberation is a
particularly important element in public engagement with nanotechnology. After
the genetic engineering debates saw non-scientists portrayed as victims of hysteria,
swayed by irrational 'non-material values' (Heller, 2003:21), it appears as if
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bringing proof that public arguments are, indeed, rational, is seen as a first step
towards government-public and science-public reconciliation.

In the first instance, dialogue is seen an evolutionary progression from
one-directional modes of public engagement. Particularly the upholding of
scientific knowledge as part of the 'deficit model' - the idea that publics oppose new
technologies because of their insufficient knowledge of science - epitomises
everything dialogue is not (Maynard, 2009b; Wilsdon and Willis, 2004:17; Irwin
and Wynne, 1996:6). Under the deficit model, it was believed that publics cannot
participate meaningfully in decision-making on 'scientific issues' (see Curall et al,
2006; Wildavsky, 1995:407). Despite numerous cases against the deficit model
(Wilson and Willis, 2004:17-18; Kerr et al, 1998:41; Bulkeley, 2000:313; Doble,
1995:99; Dutton, 1984:148; Limoges, 1993; Roth and Lee, 2002)10, most
prominently the argument that public opposition results from an uneasiness with
corporate business practices (see Irwin and Wynne, 1996), it continues to persists in
public engagement circles and remains a strongly contested subject11 (see The
Times Higher Education, 2005; Pearson, 2008). In the UK, the model reputedly acts
as a convenient way for government and scientists to refuse responsibility for failed
10

Kerr et al (1998:41) argue that just because non-experts do not express a problem in the same
language, it does not mean that they do not understand the underlying processes
Doble compared the recommendations of scientists and non-scientists in response to a particular
scientific problem and judged them to be of minimal difference.
Dutton (1984:148) uses a case study reach the conclusion that 'the Cambridge Experimentation
Review Board showed that a broadly representative group of non-scientists could tackle a
monumentally complex science policy issue and arrive at a solution widely regarded as intelligent
and responsible’ (Dutton, 1984:148).
Roth and Lee claim that scientific literacy is a collective practice rather than something that should
be measured in individuals (Roth and Lee, 2002).
Limoges sees expertise as a collective learning process (Limoges, 1993:417).
11

The latter was reflected in comments during Q & As at the Science & Public conference, 2008.
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engagements (see Kearnes et al, 2006a:20-1). Science communicators are accused
of taking it as an excuse not to make the effort to integrate science into society
(Maynard, 2009a). Against this background, the new dialogue-based model is
seeking to challenge the idea of the 'unfit public' by creating environments in which
public opinion on new technologies can be expressed on more equal terms.
This is, for instance, evident in the way public dialogue is sought to be integrated
into policy-making. Currently, the main body through which nanotechnology policy
is developed is the Ministerial Group on Nanotechnologies, which consists of
representatives from several other government institutions such as the Department
for Innovation, Universities and Skills (DIUS) (HM Government in consultation
with the Devolved Administrations, 2005, HM Government, 2009). This
commission is further supported by input from research councils and wider
stakeholders such as industry and consumer lobbies (technically, both types of
lobbies share the same channel of influence on policy, the Nanotechnologies
Stakeholder Forum), but also by a body called the Nanotechnologies Issues
Dialogue Group (NIDG), which, amongst other input engages with the outcomes of
the Nanodialogues project (HM Government, 2009).

In the second instance, dialogue-based engagement is portrayed as a way of making
publics 'more confident about their own capabilities as citizens' (Gavelin et al,
2007:56). Efforts to support publics in developing their 'scientific citizenship' are
increasingly tied up with two-way, interactive engagements (see Barry, 2001:129).
In past engagements, as Alan Irwin points out, the status of publics as 'scientific
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citizens' was marred by the 'lingering retention of the deficit theory' (Irwin,
2001:15). The new, dialogic format taps into notions of exchange and latent interest
in science and politics to realise citizens as 'scientific capital' (Barry, 2001:129).
Rather than as start or endpoints in the formation of 'scientific citizenship',
dialogue-based engagements could be seen as showcases. As only a small number
of publics take part in the engagements, their transformation is presented as a model
to other citizens and stakeholders. This has two potential effects: one the one hand,
publics might become more valued as co-stakeholders in scientific debates; on the
other hand, the focus on developing publics' capacities as citizens might distract
from engaging more deeply with their concerns about the technology in question.
Stilgoe suggests that the more 'fixed' publics of interest groups may become
'sidelined' in the targeting of 'real' (formable?) publics (2007:78).

Some argue that the value of dialogue to publics depends on how this dialogue is
'done' (see Wynne, 2006a). During the first wave of nanotechnology engagements,
the emphasis appeared to be on 'exchange' and 'open-mindedness' (Stilgoe,
2007:28; Kearnes et al, 2006a:14). A further step in creating two-way dialogue was
the effort to move away from the oppositional model of 'debate' which
characterised GM nation?. Part of the failure of GM nation? was blamed on the
imagination of debate in terms of taking a 'for' or 'against' position. The imagination
of debate as dialogue, combined with nanotechnology's lack of media attention, is
now intended to ensue in a more nuanced communication and 'genuine' openness to
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one another's opinions (Kearnes et al, 2006b:298). But dialogue is not only
imagined as benefitting UK publics: corporate and academic scientists, policymakers, publics in developing countries, research councils and other stakeholders
were amongst the groups targeted in the Nanodialogues project.

From the perspective of the government rather than social scientists, one could say
that the envisioned dialogue extends beyond 'the public' as a target, towards a
recognition of its links with other groups who have the power to influence policy,
albeit indirectly. For instance, while there is no official place for 'the fourth estate'
(the media) in the policy-making process, the government's OPPEN strategy
explicitly targets the media and even museums. These institutions do not only seem
to be regarded as dialogue platforms, but also as influences on public opinion which
need to be made part of future engagements. There is a sense that, despite the
clearly laid-down process of policy-making, groups outside of this process hold a
certain amount of power on the development of the technology, and that this power
could negate certain decisions that are 'officially' being made, for instance, by
publics withdrawing 'investment' and the media enforcing such a refusal, such as
during the genetic engineering controversy where it accused the government of
putting economic security before its citizens' bodily security. The fact that public
opinion is often portrayed as 'moods' gives the impression that dialogue is seen as a
means to influence what is perceived to be the most 'volatile', but potentially
malleable stakeholder (and economic player). From the government's perspective,
the fact that 'the public' lacks 'direct' access to the materiality or 'science' of
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nanotechnology makes them equally likely to be swayed by a diversity of interest
groups, a feature that is targeted by dialogue-based methods in order to give the
government a greater chance to influence developments.

The timing of the dialogue is also considered vital. 'Upstream dialogue' is being
promoted as the pinnacle of public engagement. GM nation? had taken place at a
'downstream' phase of development, leaving its participants with the feeling that
their opinions could not possibly impact this late. By offering publics the
opportunity to influence the direction the technology is going, the government
intends to show that it is serious about representing the 'will of the people'. Early
dialogue thus functions as a means of building trust (see Young; 2004, King, 2007).
It is also seen as a stage where the most constructive debate can take place, as
people are presumed to be still fairly unbiased. This 'innocence' of 'upstream'
encounters is emphasised in the Nanodialogues report:

The Environment Agency didn’t know enough about nanoparticles, and they
wanted to know what to do. The participants knew nothing before

they walked

through the door. The shape of the conversation was experimental. And we, as
facilitators and researchers, had no idea what would happen (Stilgoe, 2007:29).

There is also a somewhat less innocent view of early dialogue. Wilsdon and Willis'
description of deliberative engagement hints at another factor why dialogue has
become such a popular method for public engagement:
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...a deliberative model emphasises that people’s views are shaped by the way they
encounter or engage with an issue. So people do not have a view on GM unless
they are required to have one... (Wilsdon and Willis, 2004:46).

According to this concept of opinion formation, public views at this stage are not
yet fixed. As indicated earlier, 'upstream' engagement is regarded as a stage where
it is still possible to influence public opinion. The association of 'upstream' dialogue
with the possibility of active manipulation is something engagement practitioners
have to defend themselves against. This became clear during the Nanodialogues
conference (2007). In defence, some social scientists and engagement agencies
have argued that dialogue cannot easily be 'corrupted': they argue that dialogue is a
mere means to question assumptions that are taken for granted or even concealed
through earlier forms of debate, during which many discussions were conducted
along pre-framed themes (see Stilgoe, 2007:75-76). Against this stands the critique
that the focus on 'upstream' dialogue does not allow for the possibility to question
or break out of the linear conception of innovation, giving the impression that the
path of innovation is unchangeable (Singh, 2006:11).

The question at the end of the first wave of engagement projects was whether the
upstream dialogue' had brought the desired improvements. Projects were subject to
analyses from multiple perspectives - from facilitators themselves, external
evaluators and other stakeholders, resulting in very different opinions. The reports
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of the NanoJury UK and the Nanodialogues projects, for instance, disagree quite
considerably whether the new model was successful or not. Sometimes, even
evaluators of the same project presented conflicting opinions, as in the case of the
NanoJury UK, which one team regarded as a success (see Rogers Hayden &
Pidgeon, 2005) and another as a failure (Singh, 2006; Wakeford et al, 2007). In
many post-engagement presentations, too, the feeling of breaking new ground
alternated with conclusions that nothing new had been accomplished. Some social
scientists even worried whether the government was once more using academic
input as a means to persuade publics (see Wynne, 2006a:75).

What most evaluators and stakeholders agreed on was the value of the personal
encounter and the effort that had gone into putting the engagements together. Social
scientists emphasised that giving ‘the public’ a chance to talk to scientists had
managed to put a 'human face onto nanotechnology’, a view that was reflected in
many participant statements (see Irving et al, 2006:8; Perry 2007, Wynne, 2007).
Scientists, too, commented that the face-to-face encounters allowed them to
recognise overlaps between their own concerns and those of 'publics' (see Kearnes
et al, 2006a:14). The reports that underscored the positive side of the dialogues
were keen to point out the transformative nature of these personal encounters (see
Stilgoe, 2007:51-2; Gavelin et al, 2007:50-1). When changes in attitude towards
other participants, and the subject itself, were voiced in scientist/public
conversations, the authors agreed that dialogue had succeeded in countering
preconceptions and initiated a process of ‘mutual learning’ (op.cit, Kearnes et al,
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2006a:58). Overall, it was found that the current engagements with
nanotechnologies had made ‘important headway in developing the tools and
understanding for creating constructive dialogue between members of the public,
scientists, and decision-makers’ (Gavelin et al, 2007:92). This process, however,
was also believed to be of a fragile nature. As Brian Wynne writes:

What can be fleetingly glimpsed as a new approach reverts quickly to new
versions of the supposedly dead-and-buried deficit model. ‘Dialogue’ once
again becomes monologue (Wynne, 2006a:75).

Just how fragile this process is can be seen in some of the rhetoric employed in the
events that follow these engagements (see King, 2007;Gavelin, 2008) and in the
concerns of the participants that they had taken part in a 'paper exercise' (Stilgoe,
2007:3; K.E.Jones, 2007:55). Evaluators noted that feelings of powerlessness were
not only expressed by 'publics' but also by scientists who complained about a lack
of influence over the way the engagement took place (see Chilvers, 2006:6, Singh,
2006:7-8).

Another concern was the similarities between the nanotechnology engagements and
the GM enquiries (Gavelin et al, 2007:29), one example being the polarisation of
opinions that occurred during both debates. Although less evident from the official
reports, the move from debate to dialogue did not appear to have changed the
pro/anti language of the discussions (see Stirling, 2007; Singh, 2006:8). In post-
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engagement discussions, policy researcher Andy Stirling was one amongst a few
people who suggested that openness of dialogue cannot be maintained, because
economic pressures to be 'ahead of other countries' amplify the need to know where
people are standing (Stirling, 2007, see also Wilsdon and Willis, 2004:20-21).
Others also pointed out that dialogue was unhelpful when it comes to reaching
policy-makers. Even when summarised in a 'friendly' format such as policy
recommendations, policy-makers frequently stated that they had problems
integrating such input (see Gavelin et al, 2007:45). Currently, the structure around
nanotechnology policy-making does not directly include ‘public opinion’. The only
arena which such recommendations might filter into is the Nanotechnologies
Stakeholder Forum, which interacts, amongst other interest groups, with consumer
lobbies. On the one hand, this difficulty in absorbing participant opinion could be
interpreted positively, as dialogue being resistant to easy appropriation (see
Strathern, 2000). On the other hand, there was a fear that dialogue represented just
another 'off the shelf' method to produce 'objectifications of creativity' (Strathern,
2000:316) such as reports, recommendations or 'artwork' that merely demonstrate
that something had been done, but once again hold publics back from truly
affecting change (see Stilgoe, 2007:18; H.Rose, 2007).

In this context, social scientists have also problematised the rise of an increasingly
sophisticated 'engagement industry' (H.Rose, 2007). It was suggested that economic
pressures as well as the time constraints of public engagement have led to a
mushrooming of agencies offering 'professional support' of varying quality (op.cit).

101

In many cases, the ways in which dialogue was facilitated by these agencies was
regarded as antithetical to its casting as experimental. At post-engagement events,
the openly displayed business-like attitude of some engagement facilitators,
culminating in on one occasion in the question ‘did we get good value for money?’
(Wilson, 2007), was met with concern about dialogue being 'administered' by
people who work in line with government demands (H.Rose, 2007). It was feared
that such 'professional' facilitation deliberately evades issues that are deemed not
important or inconvenient by the agencies' funding bodies (see also Irwin, 2001:910), resulting in dialogue becoming a technique for preventing publics from taking
extreme views against the topic in question (see Cooke, 2001:104).

Another significant point of critique was that the new model poses no challenge to
the deficit model. As the first indicator, the continued contrasting of 'experts' and
'publics' was regarded as a sign that power inequalities are still in place (see
Stirling, 2007; Guston, 2007; Singh, 2006:8). Although scientists were only halfseriously described as 'VIPs' ('very important perspectives') during the
Nanodialogues citizens' jury (Stiloge, 2007:24), their status as separate from
publics was repeatedly emphasised, as was the case in other projects. Critics felt
that this distinction was inappropriate, as boundaries between experts and publics
have been shown to be much more fluid in research on previous controversies, a
point that has also been argued by Ulrich Beck (see Beck, 1992:28; H.Rose, 2007).
Publics, likewise, appeared disturbed by how they were cast in these 'experiments'.
As one participant noted:

102

We’re not humans anymore. We’re consumers (participant quoted in
Stilgoe, 2007:66).

The use of consumer products, e.g. golf balls, anti-wrinkle cream, stain resistant
shirts (see Kearnes et al, 2006a:44), during focus groups may have enforced this
impression. Consumer products were often used to give publics examples of
nanotechnology applications they could related to and have 'hands-on' interaction
with. Subsequent discussions of these and other products, however, appeared to
lead to the assumption that non-scientists could only relate to 'simple' applications
and deepened the rift between scientists and 'public' (see Gavelin et al, 2007:63):

A couple of people got hung up on Marks and Spencer’s socks, which have got
nanoparticles in them apparently. They don’t understand how chips work in
computers, and so, if you like, the mainstream of nanotechnology, they couldn’t
really relate to so well. It is so technical. And they can relate better to things like
“this is a risk, therefore don’t do it” sort of thing. But that’s superficial (scientist
quoted in Gavelin et al, 2007:64).

On the other hand, scientists were sometimes accused of primarily being interested
in advertising their products (see Stein, 2003). Such concerns about the pressure to
consume are not confined to public engagements with new technologies. As
Livingstone et al argue, it is part of a general trend that the terms 'citizen' and
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'consumer' are becoming conflated (2007). They perceive this as a worrying
development and point towards the danger that 'the citizen interest is becoming
marginalized as the consumer discourse becomes more widespread' (Livingstone et
al, 2007:85). This concern is shared by many public engagement activists (see
Stilgoe, 2007:66). In parallel, the question has been raised as to whether the
economic leverage citizens are given through their consumer status could work to
their advantage, particularly when it comes to controlling the introduction of new
technologies. The official reports, for instance, hint at the possibility that the
consumer's 'purchasing power' could be one of the factors leading to 'new
conversations between a company and its citizen-consumers' (Stilgoe, 2007:68; see
also Kearnes et al, 2006a:61).

A largely unaddressed problem has been that the communication of 'the scientific
side' of nanotechnology also posed problems. Facilitators, scientist participants and
evaluators seemed to agree that the 'technical side' of nanotechnology was not
really the object of the engagements, as the more pressing issues were located in the
circumstances of its commercialisation (see Stilgoe, 2007:32, 68; Kearnes et al,
2006a:25). Ownership, marketing and relations between science, industry and
government were believed to be more pervasive and important themes than the
workings or the potential dangers of nanotechnology (op.cit). A second strand of
critique, following Latour, talked about the purpose of the engagements in terms of
exploring the 'societal dimensions of science and technology': 'how science is
practised' (Kearnes et al, 2006a:25). As noted earlier, this approach to
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nanotechnology engagement is regarded by many as an improvement to previous
approaches. Some scientists, however, found it also problematic, as they felt the
lack engagement with the science barred publics from fully participating in
decision-making about nanotechnology (see Jones, 2007a; see also Du Sautoy,
2010).

Overall, the paranoia of reverting back to the 'deficit model' appears to have
resulted in an uneasiness around communicating the 'science' of nanotechnology.
From engagement reports and papers, it is often unclear how or whether people
were given information about nanoscience, how the self-directed research that
participants were encouraged to undertake was integrated into the exercise, or how
the often problematic access to first-hand information was handled (see Maynard,
2009). Facilitators and scientist-participants frequently remarked that the 'science'
behind nanotechnology was too 'difficult', 'boring' and 'intangible' to be of interest
or relevance to publics (see Chilvers, 2006:7; Jones, 2007a). Further, this
inaccessibility was blamed for the lack of motivation that affected many nonscientist participants in such engagements (see Chilvers, 2006:7).

From the reports, it seems as if no-one is interested in working on engagement
projects that engage publics better with nanoscale science. Arguments that publics
worry as much about the social and political impact of nanotechnology as about its
'scientifically defined risks to the human body or the environment' or that 'risk
issues are never just about risk' are used to support the current focus on the 'social
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side' (Gavelin et al, 2007:6). Furthermore, because publics can move to a stage
where they can input into policy without having to 'know science' (see Stilgoe,
2007:31), there seems to be little reason why publics need to engage with it.
Another factor appears to be that the government does not need publics to discuss
science, because it only needs scientific discussions from 'experts' (Stilgoe and
Wilsdon, 2007). Although facilitators kept pointing out that participants 'become
experts very quickly' (Crowther, 2008; Stilgoe, 2007:23), the kind of expertise
policy-makers require about a new technology in order to make judgements about
its potential risk, cannot be produced by publics. According to Wynne, this
sentiment is often expressed by publics themselves: ‘[publics] are typically well
aware of their unfitness to assume such a notionally active, direct influence on
scientific work’ (Wynne, 2006a:73).

With such little incentive to discuss what remains cast as the 'science' of
nanotechnology, the spaces of 'science knowledge' and 'public knowledge' continue
to be kept separate, with 'scientific experts' (and industry) determining the direction
of scientific research. In the following section I will argue that this separation is
linked with the image of 'matter' that guides public engagement with
nanotechnology, and new technologies more generally. I will further show how
current theoretical experiments with the materiality of nanotechnology within the
social sciences could contribute to the shaping of a more helpful image of
materiality in future engagements.
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Fluid boundaries?

‘What do atoms have to do with this?’ and ‘why would you want to engage people
with the nanoscale?’ These are examples of questions I received during my
fieldwork, from nanotechnology engagement and industry representatives, but also
from social scientists. The persistence of such questions gave the impression that
the core idea of this research project, to get non-scientists to explore the materiality
of the nanoscale, was so off the current radar of participation politics that the reason
why anyone would, at this point, experiment with it, seemed incomprehensible.
Nearly twenty years ago, Helga Nowotny suggested that the boundaries between
the spaces of science and public were 'becoming more fluid' (Notowny, 1993:307).
She argued that rising educational standards had led to a growing presence of quasiexperts in society (1993:308). Conversely, she reminded her audience that scientists
did not stand outside the social, but were 'embedded in social contexts' (1993:309).
This image of fluidity appears to become increasingly replaced by an image of
rigidity. At the moment, it appears as though public engagement ensures that the
spaces of 'science' and 'public' are being policed by boundary patrols, which try to
keep 'atoms' in one space and 'the social' in the other. Even 'metaphysical'
imaginaries are regarded as obstacles to a discussion of the social (see Macnaghten,
2010:24-25). Current engagement discourse appears to be re-enforcing the status of
'science' and 'public' as separate domains. This imagination of science and public as
separate runs deep and has significant consequences for public engagement with
nanotechnology and other new technologies.
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An example is the way publics are represented as 'social' and 'non-scientific' beings
in public engagement reports. While it was not possible to get access to the original
data or transcripts12, some less edited interview data was recently made available
through a new analysis of the Governing at the nanoscale (GATN) project. In the
newly published version, a woman named 'Rosie' is quoted saying:

I imagine. This face cream which has got very small nanoparticles in it,
I don't know whether it's made of nanoparticles or whether it's just using
nanotechnology. But if I rub that on my skin or someone's rubbing it into their
skin and therefore there's things going into my skin I'm not aware of. We've
already said this really but no-one knows exactly what that's going to do and it
might have long term effects where, just imagine, free radicals which I'm sure
you know potentially make cells get confused and break the genes in the cells and
makes them grow out of control. Any little bit of dirt, like something that
shouldn't be in there pops into the cell, messes with the actual sequence of what
that cell does and you know - that's so scary (‘Rosie’ quoted in Macnaghten,
2010:28).

This 'female participant' is described as belonging to a group of publics 'with an
interest in technology' (Kearnes et al, 2006a:43). In the GATN report, she is cited as
follows:

12

At first, I was granted access to the Demos data. In the end, however, I was unable to get an
appointment for viewing the data...
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The face cream which has got very small nanoparticles in it… if I rub that on my
skin, there’s things going into my skin I’m not aware of. No one knows exactly
what that’s going to do and it might have long-term effects. Any little bit of dirt,
like something that shouldn’t be in there, pops into the cell, messes with the actual
sequence of what that cell does and you know, that’s so scary” (female participant
quoted in Kearnes et al, 2006a:51).

In the second version, the 'scientific' explanation the participant gives is edited out,
making the 'public' participant come across as a typical victim of 'invisible risk'.
This emphasis in editing may have been unintentional. The explanation may have
been regarded 'unnecessary' to get the participant's core message across, or the
'scientific' explanation may have sounded too weak. On the other hand, the authors
of the report may have found this explanation confusing, particularly as it would
have made 'scientist' and 'public' quotes a little less distinct.

Whether or not this editing was motivated by attempts to delineate scientists and
publics, it epitomises how imaginations and characterisations of publics as 'nonscientific' are common in current public engagements. In public engagement,
nanotechnology remains an ‘unknowable’, ‘unpredictable’ and ‘invisible’ risk
(references). In a sense, it presents a typical response to this 'risk' in that it tries to
harness the potentially harmful speculations which accompany it (see Beck,
1992a:23,73). These speculations do not even have to be expressed by publics
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themselves. As Arie Rip argues, 'there is not only an exaggerated interpretation of
public concerns... concerns and fears are also projected onto the public, even when
there are no grounds' (Rip, 2006:358). During GATN, for instance, the researchers
preframed the nanoscale as an 'uncanny' space and moved on to explore this theme
with participants (see Macnaghten, 2010:26). A consequence seems to be that
public engagement is more about people-as-risk than material-as-risk. This
approach to public engagement also appears to be reflected in the comment from an
Environment Agency representative: 'it's not nanoparticles we need to govern, it's
the people that are making and using them' (see Stilgoe, 2007:30). As Latour would
disapprovingly note, people can be governed or managed, whereas 'matter' falls
outside the system. The move towards engaging publics with the 'social' side of
nanotechnology is also evident in the suggestions for further experimentation that
were made during post-engagement events. These were entirely directed at interstakeholder relationships and ranged from training policy-makers to better
understand and integrate the results of public engagement, to building a ‘trialogue’
between public, science/industry and governmental institutions (Stilgoe, 2007). The
biggest emphasis has been on creating methods to support citizens in becoming
more 'active citizens' (Stilgoe, 2007:76).

This boundary-making between science and public does not appear to be a
deliberate practice. Rather, it is a consequence of trying to support publics in
becoming more involved in decision-making on matters of science and technology.
The definition of what technology is plays a vital role in the integration of publics
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into processes aimed at policy-making. It also plays a role in the continued
separation of 'publics' from 'science'. As indicated earlier in this chapter, Beck's
notion of 'invisible risk' is a strong point of orientation for public engagement with
nanotechnology, in the positive sense that it seeks to support publics in challenging
the scientific monopoly on influencing decision-making about science, but also in
the negative sense in that it seeks to manage or transform public imagination of
'invisible risk'. Yet Latour's vision of materiality has also started to shape this kind
of public engagement. In many reports, social scientists talk about the desire to
move away from the notion that technology is about products. Rather, technologies
are interpreted as being more about ‘systems around the things’ (Stilgoe, 2007:32).
The GATN project even explicitly quotes Latour in their report:

'We will not try to analyse the final products, a computer, a nuclear plant, a
cosmological theory, the shape of a double helix, a box of contraceptive

pills, a

model of the economy; instead we will follow scientists and engineers at the times
and places where they plan a nuclear plant, undo a

cosmological theory, modify

the structure of a hormone for contraception, or disaggregate figures used in a new
model of the economy. . . . Instead of black boxing the technical aspects of science
and then looking for social

influences and biases, we realise . . . how much

simpler it is to be there before the box closes and becomes black' (Latour quoted in
Kearnes et al, 2006:25-6).
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This is one of the key explanations as to why attention is devoted primarily to the
'social' and to the aforementioned 'systems around things'. The Latourian influence
also makes itself present in the image of nanotechnology as being made up of
relations between people, companies, regulators, scientists working in laboratories
etc. The argument that technologies are systems or networks has been a familiar
and productive one for some time through the efforts of actor-network scholars
such as Bruno Latour and John Law, who have concluded that it is unhelpful to
think of 'objects' – and technology is such an object or 'actor' - as independent and
cut off from the workings of 'society' (see Latour, 2004a:20-22; Law, 1992:2).
While this conceptualisation of technology has been successfully applied by social
scientists working in public engagement, the 'non-human' components of these
networks do not appear to have made it 'in'. The focus is entirely on people and
institutions which, rather than 'matter', are perceived as inert and in need of
mobilisation.

Science and technology studies scholars have argued that this blindness to 'nonhumans' is characteristic of the social sciences. Even in the GATN report, Brian
Wynne argues that social science 'is encouraged to misconceive its own research
objects, namely social actors’ (Wynne, 2006a:76). Through this misconception, it
enforces the delineated spaces of science and public. This image has some
advantages. For example, the attention to the 'social aspects' of science has
contributed significantly to getting institutions to change the way they engage with
publics. Again, Wynne points out that some of the 'social aspects' of science
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function as a barrier to public 'readiness to assimilate the contents of science'
(Wynne, 1993). The difficult relationship between publics, scientists, business and
government still remains a problem, and the attention to these obstacles is therefore
necessary and useful. However, it seems as if the current conceptualisations of
'science' and 'publics' will contribute to aggravating the problem. The division
between scientists who have access to the 'invisible' world of the nanoscale, and
publics who do not, reinstates scientists as sophisticated agents who can engage
with materiality on an intellectual, complex and creative level (see Latour,
2004a:48). Publics, on the other hand, can only evaluate or worry about it. Further,
the lack of engagement with the materiality of nanotechnology puts publics in a
place where they still need to wait around to be presented with the 'matters of fact'
produced by scientists (see Latour, 2004a:97). Only then can they give their
alternative input – which Latour might call 'values' (Latour, 2004a:100). As Sheila
Jasanoff commented at the post-Nanodialogues/ GATN conference, science is
removing spaces, areas of knowledge, that public can discuss by stating facts such
as: 'this is safe' (Jasanoff, 2007). People cannot challenge this type of ‘scientific
reason’. Seen this way, public engagement can only ever be situated ‘downstream'.

The separation of 'science' and 'public' thus presents a barrier to taking what has
been achieved further: beyond the imagination of publics as victims of 'invisible
risk' and beyond an anaemic version of the actor-network. The strong sense that
public engagement can and should only focus on the 'social' side of science results
in the vision that the only way the materiality of nanotechnology can be discussed
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is through scientists informing publics, as appeared to be the case during the
citizens' juries (see Singh, 2007:12). In order to make creative contributions to
public engagement methods, and for dialogue not to become stagnant, it could be
argued that our conceptualisation of the scientific, the natural and the material,
which, in some way or another, currently gets lumped together not as ‘matters that
lie outside society’ (see Hinchliffe, 2001), but as 'matters outside the 'public'
domain', need to be problematised. Brian Wynne rightly states that nanotechnology
engagement presents an opportunity to approach 'this terrain [that] has traditionally
been regarded as ‘pure science’' (Wynne, 2006a:75).

So far, only one official project has tackled the problem of innovation lying solely
in the hands of scientists. The third Nanodialogues experiment invited publics to
participate 'further upstream' – in research council meetings. To the 'experimenters',
these meetings represented sites where important decisions about future scientific
research trajectories are made – which are a stage publics should be present at.
Unfortunately, this experiment was considered the least successful, which was also
reflected in its low participant retention rate (the last session ended up with 4
women remaining out of 14 men and women) (see Chilvers, 2006:7). Again, it was
concluded that some of the conversations and contexts that are part of technological
development, such as the 'esoteric' subject of nanotechnology and meetings about
basic research, will be 'too difficult' and 'uninspiring' for publics to manage
(Stilgoe, 2007:54; Chilvers, 2006:5). The Nanodialogues report suggests that, in
order to advance the democratisation of innovation, the focus should be redirected
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from engaging publics to engaging scientists through 'broaden[ing] the range of
things [they] imagine' (Stilgoe, 2007:54). This conclusion about the role of publics
in innovation, again, leaves the 'scientific citizen' as the object of change.

No experiments using other sites or methods have followed. This is not surprising,
as the current target to 'create constructive and meaningful deliberations between
scientists and members of the public about complex scientific issues’ has
apparently been achieved (Gavelin et al, 2007:86). Thus, there does not seem to be
a necessity to re-examine existing methods (other than in the context of sustaining
and widening engagement, which I will explain in Chapter 7). The clear separation
between 'science' and 'public' is furthermore convenient for public engagement with
new technologies, as no considerable changes need to be made to existing methods,
channels, concepts or institutions. For social scientist attendees of post-engagement
events, the question that kept surfacing was whether more experimentation would
make any difference to widening the influence of publics, whether science-public
boundaries are tackled or not. There appears to be only so much a public can do,
especially at this point, where no 'real' or 'substantial enough' public has gathered to
hit the Habermasian threshold of political influence. The same Habermasian
relation between private, public and political relevance is also underlying the
concern about sustaining public engagement beyond the one-off engagements. On
the other hand, the controversy or catastrophic events that might generate an
enduring public are exactly what public engagement is seeking to prevent.
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But what could be done to address this contradiction that keeps troubling public
engagement with nanotechnology and, potentially, the new technologies that follow
in its wake? As I have shown in the previous chapter, the social sciences have
started to engage with the effects of the exclusion of the 'material' from the 'social',
such as the immobilising effects of invisible threats. An important insight of this
analysis was that the imagination of materiality and the capacity for certain kinds of
political agency are linked. In the case of public engagement with nanotechnology,
'matter' is imagined as residing in a domain separate from the 'public': the realm of
science. Although publics are encouraged to talk to scientists, they can only do so
as representatives of this domain. They cannot, for instance, engage in innovation
themselves. As authors such as Serres and Latour have argued, such separations of
science from the social and 'matter' from 'humans' paralyse political discourse
(Latour, 2004a:50; Serres, 2000:131). As Serres would perhaps also argue, it
removes possibilities for publics to try their hand at innovation themselves. For this
to happen, a bridging between the spaces of science/matter and public is needed.

The main difficulty in applying the approaches of the previous chapter to this
problem is that most of the theorists focus on the question 'how do you do better
research?' (see Latour cited in Barron, 2003:87) instead of 'how to do better public
engagement?' The authors' thoughts on the effects of their theories on relationships
between 'the social' and 'matter', however, suggest some starting points. One is
certainly that the 'non-human' dimension of nanotechnology needs to be represented
in future dialogues. According to Latour, the social scientist’s role is to 'make sure
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that the multiplicity of voices in this parliament of things is heard' (Latour in
Barron, 2003:93). For him, the key to fulfilling this role is mediation: 'no
mediation, no representation' (Latour, 2005). While Latour does not offer a
concrete description of what specific mediation would look like, some starting
points can be taken from the exhibition 'Making things public' which he co-curated
with Peter Weibel (Latour and Weibel, 2005). This exhibition invited publics
(including scientist-publics) to rethink their ideas of political representation (Latour
and Weibel, 2005). As the book that accompanied the Making Things Public
exhibition indicated, many of the examples of experiments appeared to be in
support of Latour’s idea of the ‘parliament of things’13 (Latour, 1993). This appears
to have included experiments questioning the science/public boundary. An example
is Pablo Jensen's exhibit Making Electrons Public, which demonstrates how matter
at the nanoscale can be represented in Latourian terms (Jensen, 2005). The efforts
of Jensen and his team to construct 'reliable spokespersons' for their electrons (see
Nielsen, 2005) could be regarded as one way of inviting scientists and publics to
decide what 'matters' to them and how they would like it to be represented.

This theme of practical experimentation is also favoured by authors such as Adam
and Groves, Serres, and DeLanda. Serres, in particular, feels the urgency to
innovate – and urges others to innovate, too. For him, it is particularly
unsatisfactory that language and the 'speaking subject' remain the focus of politics.
Using the exclusion of sensory knowledge as an example, he argues that the
separation of the 'rational' subject from the world/the body serves merely to
13

Unfortunately, I was not able to attend the exhibition in person.
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maintain established positions (see Serres, 1987, Serres and Latour, 1995:37).
Efforts directed at insuring that dialogue is balanced and rational appear to Serres
as efforts to ensure that nothing unexpected 'materialises'. He would therefore view
the explicit exclusion of chaos and silences in many definitions of dialogue (e.g.
Dialogue Academy, 2009) as contradictory to the method's claim to openness and
exploration. To Serres, the so-called disturbances are the truly creative part of
communication. Examples from public engagement with nanotechnology would be
the references to 'Mork and Mindy', the Teletubbies' vacuuming pet (Stilgoe and
Kearnes, 2007:6) or public imaginations of nano-robots - the parts where people
poked fun at nanotechnology or otherwise let go of expected 'rational discourse'.
Such contributions contrast with the idea underlying deliberation that 'you can’t
have dialogue until you have understanding' (Du Sautoy, 2010). Serres, by contrast,
would likely delight at such associations as these, in the sense that they could
present potential points for publics to make other, new connections which, in
return, could lead to 'invention', for instance, the invention of new (or personal)
imaginations of nanotechnology.

Another disturbance, for Serres, is sensation, which represents one of his keys to
innovation. Through sensation, Serres (and also DeLanda) argues, we make
different kinds of connections which open us to the complexity of material
interrelations. While this may be an overly romantic idea of sensation (I will go into
this in more detail in Chapter 5), it represents a valid critique of the 'rational' debate
that is the ideal in public engagement with nanotechnology. Following Serres, I see
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this rationality as too narrow a definition. The introduction of an agentive matter
would certainly trouble the current conceptualisation of rationality. In a sense, it
already does. It could be argued that the awareness of an agentive matter has long
been part of public engagements with new technologies (and environmental issues).
An example is the participating 'publics' who describe nanoparticles as entering
their bodies and following an agenda of their own design (see Kearnes et al,
2006a:51).
Hearing such descriptions, theorists such as Serres or Adam and Groves would
hardly hesitate to see them as evidence of an agentive matter. Under the current
'rationality' of public engagement, however, those comments are cast as persistent
fears of 'bodily invasion' (Macnaghten, 2010:28). If the narrative of fear could be
replaced with a narrative of an agentive matter, such examples could turn into
opportunities to explore relations between the nanoscale and our scale. Through
such explorations, publics could move from being non-factual resources to
becoming co-experimenters. As the next chapter will show, ‘publics’ have been
given the opportunity to experiment with materialities in other arenas. For this
experimentation not to merely remain in these other arenas, it will be necessary to
acknowledge that unequal access to the materiality of techno-scientific issues not
only creates power inequalities, but also hides the degree to which materiality plays
a role in these issues.
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Conclusion

Public engagement with nanotechnology has set as its objective the movement
away from the 'deficit model' and towards two-way and 'upstream' communication.
The resulting 'dialogue' has shied away from engaging publics with the science
behind nanotechnology as doing so continues to represent a retreat to the old model.
While the new dialogue-based model can be regarded as a success, in that it has
given publics a much more substantial profile in debates around science and
technology, there is also evidence that it intensifies the divide between science and
public. This is partly the fault of the social sciences who have made a substantial
contribution to creating the current form of engagement. In this chapter I have
suggested that the nanotechnology engagements are shaped by social-scientific
imaginations of 'invisible risk', which cast publics as victims of material risk they
cannot have access to. Another social-scientific influence that has shaped these
engagements is the idea of the actor-network, according to which 'science' and
'technology' are constituted by numerous other 'actors'. However, in this image of
science and technology as assemblages, the 'social factors' have tended to be
selected over a network comprised of both human and non-human actors. This only
partial uptake of actor-network theory casts matter, and even science, through its
dealings with matter, outside the public realm.
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As I have shown in the previous chapter, social science has started to move away
from narrow definitions of the social, influenced by theories which recognise the
agency and co-sociality of 'non-humans'. These concepts have been declared
subject to on-going experimentation, when it comes to their introductions into the
institutional (and public) sphere (Latour, 2004a). In this chapter, I have suggested
that this should also include experimentation with integrating these concepts into
public engagement with new technologies. It could be argued that policy-orientated
public engagement is likely to shy away from experiments that diverge further from
existing models of deliberation. Already, the outputs of the recent wave of
nanotechnology engagement have been criticised by policy-makers as not
constituting 'robust social intelligence' (see Gavelin et al, 2007:62). On the other
hand, the argument that the continued ignoring of material agency could contribute
to the making of a new controversy could be a convincing enough argument.

This chapter also raised the question how deliberation could include the
material/non-human, particularly when it comes to 'complicated' subjects such as
nanotechnology, which are characterised by an elusive, intangible materiality.
Facilitators of public engagement with nanotechnology have repeatedly pointed out
that the inaccessible materiality of nanotechnology presents a major obstacle to
successfully engaging publics with 'scientific issues'. In the next two chapters, I will
follow up the claim which has been made in other arenas of public engagement that
publics can engage with the materiality of nanotechnology. The first arena I will
discuss is interactive science engagement. Science engagement has seen a struggle
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of its own against accusations of perpetuating the deficit model. The acceptance of
different engagement models by different institutions has led to the so-called
'science museum wars'. At their core is the question what true interactive
engagement looks like. The second field is art-science, which tends to have a
stronger focus on questioning science. Here, artists are collaborating with scientists
and vice versa (sometimes, even in the same person), to communicate, but also
unsettle the science/public divide. I will proceed to give a brief outline of the
arguments and projects that have emerged from those fields and show how these
could contribute to building future models for public engagement with
nanotechnology which include an agentive matter.
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Chapter 4
Making connections, raising questions – Nanotechnology in
the museum

Controversies around 'invisible risk' are increasingly affecting another site of public
engagement with new technologies – the museum. As institutions which are
regarded as providers of neutral and authoritative information, museums are under
pressure from multiple sources to respond adequately to the uncertainties around
topics such as nuclear power, genetic engineering and nanotechnology (see
Farmelo, 2004:4). Exhibitions on these topics have surfaced at many different sites
within the 'exhibitionary complex' (Bennett, 1988), where their impact on different
aspects of life is documented. The exhibitionary complex, according to Tony
Bennett, is comprised of different kinds of ‘exhibitionary forms’ such as museums,
art galleries, international exhibitions and even department stores are characterised
by a common practice of ‘simultaneously ordering objects for public inspection and
ordering the public that inspect[s]’ (Bennett, 1988:74) – or, it could be argued,
attempting to order. In relation to ‘invisible risk’, these sites include science
museums, experimental sites (e.g. the Nevada Test Site/Atomic Testing Museum,
CERN), human rights museums (e.g. the 'In-security' exhibition on nuclear power
and warfare at the Red Cross Museum, Geneva, the Hiroshima Peace Memorial
Museum), art galleries (e.g. SymbioticA 's bioengineering workshop at the
Experimental Art Foundation, 'nano' at LACMA), sites of application (e.g. nuclear

123

power stations) and even children's travelling exhibitions (e.g. 'It's a nano world').
Depending on the history of the hosting institutions, their target groups and the
sponsors of the respective exhibitions, a variety of agendas and strategies are
followed to engage visitors. In the mainstream science museums which are my
primary focus on in this chapter, strategies increasingly reflect the goal of 'two-way
communication' found in current discourse around policy-orientated deliberation
(see Redler, 2009, Davies, 2009). This kind of communication is sought through
interactive hands-on exhibitions as well as 'dialogue exhibits' and discussions. In
many cases, these kinds of experiments have met with mixed reactions.

The challenge for science museums is two-fold. The first challenge arises from
museums' perceived role in society, which varies amongst different groups such as
visitors, directors, curators, sponsors and other stakeholders (Ferguson, 2006:8).
For museums, this means a constant negotiation between demands to bring clarity
to the 'messy' controversies of contemporary science and technology on the one
hand, and demands to leave controversies alone and focus on communicating
'value-free' science on the other (see Molella, 1997, Farmelo, 2004). A number of
science museums, particularly in the US where the situation is aggravated by the
'science wars'14 and its debates around the 'truth' or the social construction of
science (see Molella, 1997, 1999, Latour, 2002), have found it impossible to cater
to both sets of expectations. As a consequence, some exhibitions have been subject

14

In the early 1990s, a number of scientists started attacking the work of STS scholars and other
work on the natural sciences coming out of the humanities and social sciences. A focus of the
attacks was the ‘social construction’ of scientific objects and knowledge. A much publicised event
was the so-called ‘Sokal Affair’ (see Rorty, 1999).
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to significant alterations after lobbies of conservative scientists, sponsors and
visitors were successful in their protests about inappropriate politicisations of
science (see Molella, 1999). The exhibition that epitomises this predicament is the
Smithsonian's 'Science in American Life' exhibit (1994 - ongoing), which was
declared 'anti-science' by its backers for featuring case studies of the 'Silent Spring'
controversy, atomic fallout shelters and the scrapped Superconducting Super
Collider (op.cit.). Although a subsequent survey showed that the majority of
visitors perceived it as pro-science, the exhibition had its support from the
American Chemical Society withdrawn (op.cit). This example continues to
circulate as a cautionary tale to future curators of 'controversial' science and
technology exhibitions.

The second challenge lies in the very messiness of such controversies, namely the
combination of complex factual content, ethical concerns, uncertainties, stakeholder
investments, but also in the difficulties of communicating 'esoteric' contemporary
science that underlie new technologies (see Farmelo, 2004, Farmelo and Carding,
1997:25). Nanotechnology's inherent invisibility, for instance, poses a challenge to
the 'sensual' and object-centred space of the museum. While the products of
nanotechnology could easily be displayed, their workings remain invisible. The
provision of suitable material is further complicated as displays not only have to
address adult visitors, but also children. Thus, many curators have begun to ask
how museum engagement could respond to the elusive processes of controversial
technologies that seem so remote from everyday experience. To meet these
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challenges, curators have started to experiment with existing forms of museum
engagement, but also with alternative methods borrowed from other spaces of
public engagement.

This chapter addresses the ways in which museums are addressing nanotechnology
and its status as a potential future controversy. The chapter will begin with a brief
overview of the historical and ideological development of science engagement in
the museum in order to contextualise the museum's current handling of
nanotechnology. I will proceed to show how museums are exploring old and new
techniques of museum communication, guided by the questions about what the
relationship between museums and their visitors should be like and how visitors
should be engaged with new technologies. Using examples from exhibitions and
related events, I identify two main strategies to manage 'scientific' and 'public'
issues around nanotechnology. One strategy is to closely follow models of
deliberation used in policy engagement. These dialogue-based events are often
exclusively aimed at adults, as in the case of the Dana Centre, an 'adults only' venue
connected to the London Science Museum. They are often viewed as a progression
from overly playful, hands-on approaches towards more serious involvement of
visitors in debates beyond the space of the museum. The second strand of
experimentation presents a similar turn away from the limitations of science
museum interactivity. By contrast, it explores alternative forms of sensory
engagement and their potential for making 'invisible risk' accessible. The latest
development in this field has been the inclusion of art as a mediator between
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invisible scientific space and sense-able public space. I will argue that both
strategies show the potential for creating spaces where the boundaries of science
and public are blurred, and that, in museums as well as policy environments,
experimentation should focus on these constituencies.

'Uncomfortable territory' – Science Engagement and Controversy

Museum scholars disagree on what can be considered the first museum (see Edson,
2001:40). What they can agree on is that the creation of institutions such as the
Ashmolean Museum in Oxford in the seventeenth century marked a shift from
private collections assembled for their monetary or curiosity value, to increasingly
publics collections with a mission of furthering education across social classes (see
Edson, 1996:4, Arnold, 2006:24). This move was partly guided by philantrophic
motives, but also, as Tony Bennett suggests, by an intent to try to govern
populations in the face of a disintegrating feudal system (see Bennett, 1995:21). By
providing inspirational examples of societal and economic progress, the museum
attempted to animate visitors to contribute to this project. Visitors were to leave the
museum with a renewed sense of national pride and duty (Bennett, 1988:80). To
properly fulfil their function as ‘moral technologies’ (Ferguson, 2006:31), the
museum had to dissociate itself from its predecessor, the chaotic ‘cabinet of
curiosities’. It had to become an orderly ‘classifying house’, a space in which order
was not only imposed on the collections themselves, but gradually also on how the
visitors could view them (Bennett, 1995:3). In early museums, visitors were
allowed to handle objects, but the introduction of glass cabinets gradually reduced
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tactile rapport. This development ran parallel with the utilisation of museums as
places of ‘collections, research, training’ (Friedman, 2007a, see also Edson,
2001:40). Particularly science museums took on the role of research hubs, where
university and industry researchers could gather the information on the latest
technological achievements (Friedman, 2007a).

The first science museum opened as early as 1752, but the genre did not become
more widespread until a century later, as a result of popular industrial exhibitions
and 'world fairs' (Friedman, 2007a). The Science Museum in London, as an
example, has its origins in the 1851 Great Exhibition and the subsequent need to
find a more permanent location for the exhibits of British Engineering (Science
Museum, 2009). The nineteenth century also saw the science museum's
emancipation from natural history museum-style collections and the introduction of
the first hands-on exhibits, which allowed ‘button pushing’ and ‘handle cranking’
(see Friedman, 2007a). A later development was the science museum without
permanent collection, of which the Palais de la Découverte in Paris, opened in
1937, is regarded as the first of its kind. The Palais was also the first place of public
science education to drop the word 'museum' from its name (op.cit.). The
dominance of glass-enforced distance was permanently broken in the 1950s where
the ‘Sputnik Shock’ led to an explosion of interest in attracting young Americans
(and Western Europeans) into scientific careers (Van Mensch, 2003, McDougall in
Bowser, 1987, Friedman, 2007a). The movement gained momentum in the 1960s
where places such as the Exploratorium in San Francisco popularised a new model
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of art practice-informed science engagement. Because of its sole attention to public
education, it served as the model for the kind of science centres that became
popular during this time. Offering primarily interactive hands-on engagement,
these 'modern' centres further set themselves apart from the more traditional
institutions by trying to appeal to, as they saw it, an 'increasingly wider public'
(Amodio, 2008:1). Despite the inclusion of hands-on engagement in today's science
museums, science centres tend to classify themselves as a different type or
‘generation’ of science engagement (see Friedman, 2007a, Bennett, 2000:58). This
is evident in their advertising, which emphasises their entertainment factor and
interactivity (e.g. At Bristol, 2010). In this chapter, however, I will use the term
'museum' to include both genres, unless their politics differ over a particular point.

Exhibitions on new technologies and contemporary science feature in both science
museums and centres, where they continue to be regarded as a problem. Not only is
it difficult for these spaces to keep up with new developments in applications and
even theory, but they are also considered 'uncomfortable territory' due to their
'value laden' nature and their reputation for provoking emotional reactions (see
L.Bell, 2008:388, Farmelo & Carding, 1997:15, Davis, 2004:108). It has also been
pointed out that science museums find it hard to judge whether an exhibitions is
going to be controversial. As a Science Museum report reveals, in most cases,
‘[a]ccident rather than design have produced controversial exhibitions’ (Science
Museum Visitor Research Group, 2004:47). To prevent such ‘accidents’ from
happening and to stop exhibitions from becoming a place of conflict themselves,
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most museums feel compelled to undertake ‘visitor studies’ before a potentially
controversial exhibition is put together (see Cutting, 2008). Visitors, along with
scientists and sponsors, wield considerable influence over the politics of a museum.
In the past few decades, interest groups with conflicting views have repeatedly put
pressure on museums and centres to influence how information about controversial
developments is provided (Ferguson, 2006:6). More so than the science centre, the
science museum is expected to provide a particular kind of social commentary,
whose desired content varies according to different stakeholder groups. Although
some common themes have been identified, such as the desire of most visitors to
‘decide their own position within an internal dialogue when confronted with
thoughtful facts of the dilemma at hand’ (Gurian, 2006:8-9), clear differences
between visitor expectations can be identified (see Kelly, 2006:18).

For representatives of what is deemed the more conservative outlook, the science
museum's function is to offer a celebration of scientific and technological
achievements. According to this view, the content of the museum should be neutral,
educational and reinforce the belief in science - science representing a significant
ingredient in a country's intellectual and economic future (see Kroto, 1997:14,
Farmelo, 2004:4). It should even be a 'comfortable and reassuring place' presenting
‘facts’ (Crouch, 1997:13, Kelly, 2006). Documenting controversies clashes with
these expectations of being inspired through ‘uplifting’ histories’ and provision of
'certainties' (Ferguson, 2006:24,29). Moreover, some fear that controversies might
bring ‘hate into the museum’ and may be deliberately, or inadvertently,
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misrepresented by politically motivated curators (Ferguson, 2006:7). The focus on
controversies is further seen as a distraction from preserving and displaying
museum collections (Ferguson, 2006:27, McCann Morley, 2001:56) and as an
inappropriate PR trick to ‘get people through the door’ (participant quoted in Kelly,
2006:16).

The more 'liberal' stakeholders equally expect the museum to provide information
on 'neutral, public ground', but at the same time, they expect it to provide timely
information about science-related controversies (see Ward, 1997:83). Elaine
Heumann Gurian suggests the expression ‘safe spaces for unsafe ideas’ to describe
this relationship (Gurian, 2006: 12). The museum is regarded as a place where
different publics can arrive with questions and leave with a fuller picture of the
situation, while also being ‘challenged’ (see Kelly, 2006:19). Presentations of
controversies are expected to give balanced views (Kelly, 2006:12), which may
contain a degree of criticism of scientific and corporate practices and potentially of
the habits of museum visitors themselves, such as the ‘Science in American Life’
exhibition (Molella, 1997:133). Through this kind of role, the museum is to
empower its visitors to tackle controversies and to support debate within its space
and beyond (e.g. Kelly, 2006).

In some countries, the divide between 'conservative' and 'liberal' is greater than in
others and, despite similar controversies arising over ‘cultural’ exhibitions (see
Liebhold, 2000), it is often framed as a 'science/anti-science' debate. As noted in the
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introduction to this chapter, in the US, the ‘science wars’ have deepened the rift
between ‘scientific’ and ‘societal’ issues, leaving scientists on guard about potential
'anti-science' overtones (see Farmelo and Carding, 1997:20, Molella, 1997:133).
There are many curators who, because of such tensions, are trying to turn the
museum into 'a tool for change' which encourages ‘scientists, students, children, the
general public and politicians’ to meet ‘more than half way’ (Wagensberg,
2000:129-130, Molella, 1999, Wagensberg cited in RTDinfo, 2003). Whereas some
museums have been more hesitant to embrace this role, others see it as a natural
continuation of what they have already been doing: trying to transform their visitors
from 'uninformed' into 'informed' citizens through encounters with 'science' (see
Barry, 2001:139). As Bernard Blache, curator at the Palais de la Découverte in
Paris, explains:

museums have a central role of facilitating decision-making: they must train
citizens to make technological choices and enable them to understand, behind all
the propaganda, what is at stake in a policy, be it genetically modified organisms,
the cost of a vaccination campaign, medically assisted procreation or the adoption
of an energy strategy and its consequences on the environment (Blache, 2000:47).

The question that increasingly poses itself for museum professionals and
researchers, however, is whether publics really need to be 'trained', or whether they
are the ones who push the new developments (see Rodari, 2010:1). That publics
have begun taking matters into their own hands, can be seen from the popularity of
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visits to sites of science and technology, especially those associated with risk. Many
of these sites are required to provide access to publics and find that the demand for
visits of such sites has started to exceed the number of appointments on offer,
especially as many sensitive sites were made inaccessible to publics following the
9/11 attacks (BBC News, 2003). Tours of powerstations, nuclear waste facilities,
sewage plants are booked out well in advance (e.g. EFDA JET15, 2010), and staff at
CERN were taken by surprise when their Open Day weekend in 2008 attracted
around 73,000 visitors16 (AFP, 2000, Ananthaswamy, 2008). Such appeal of
‘science tourism’ is often explained by the spectacular aesthetics of scientific
experiments such as giant telescopes or particle accelerator rings (Ploeger, 2004,
Hatherill, 2008, see also Barry, 2001:143,). At the same time, the argument has
been made that it is also a genuine curiosity about the science and technology
behind these aesthetics that is the factor of attraction (Tribune de Geneve, 2008).

It has also been argued that publics are expecting to be actively involved in
technological issues from the institutional side (Barry, 2001:127-8). This impetus
has partly been traced to institutional misjudgements during controversies, but also
to the proliferation of new participatory technologies such as museum 'interactives'
or the internet (Barry, 2001:140, Shirky, 2008). Looking at the early history of
museums, there is evidence that museums and other sites of the 'exhibitionary
complex' have played a substantial part in encouraging and even engineering the
drive towards participation. Bennett, for instance, defines the 'exhibitionary
15

The European Fusion Development Agreement Joint European Torus is a project investigating
fusion power.
16
about 23,000 on the family day (AFP, 2008) and 50,000 on the public day (Ananthaswamy, 2008)
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complex' as ‘a set of cultural technologies concerned to organise a voluntarily selfregulating citizenry’ (Bennett, 1988:76). A similar stance is taken by Benedict
Anderson who depicts the museum as an essential ingredient in citizen formation
(see Anderson, 2003). Against this background, the gradual shift from private to
public access of museums could be seen as an experiment, conducted through a
series of steps, each of which tested new methods to motivate, shape and control a
public. This form of control could be described as more persuasive than
authoriarian, aimed at engineering complicity through 'winning hearts and minds'
(see Bennett, 1988:76, also Barry, 2001:149). The key to successful persuasion, as
Bennett argues, has been to render politial and technological processes transparent,
so that visitors could imagine themselves as part of them, thus encouraging
participation (see Bennett, 1988:76). The recent re-investment in museum-based
engagements with new technologies seems to confirm that the strategy of
transparency is once again intended to engineer complicity, this time with the ideals
of democracy, under the banner of 'active citizenship' (Barry, 2001:127, Davies et
al, 2009:343). If this is the case, this enterprise is meeting a range of obstacles.

The main problem policy engagement is facing is a growing lack of public trust in
science, particularly towards science and technology as economic drivers (see
Chapter 3). It could be argued that science museum visitors are aware that science
museums are also subject to tensions between science, economy and governance,
with museums relying on funding from government, charities and industry.
Although museums are trying to delimit sponsors' effects on exhibition content,

134

some self-censorship already occurs (see Ferguson, 2006:7, Friedman, 2007b:4).
Further, it is feared by curators that visitors may begin to believe that corporations
are using exhibitions to improve their image and promote their research
(MacDonald, 2004). The link with promotion comes across in the dependence on
sponsorship. One nanotechnology exhibition's website, for instance, promises
sponsors ‘significant visibility among a highly diverse audience’ (Vesna and
Gimzewski, 2003c). One strategy has been to make sponsorship transparent. Some
organisations, such as the Wellcome Trust, explicitly state that their science
communication is directed at creating a 'positive climate of opinion' for medical
research (Smaje, 1997:123). The issue that much of the scientific phenomena that
underlie controversies are difficult to illustrate, also plays into this dynamic.
Phenomena that are uncertain, disputed or 'invisible' are easier to exclude. Museum
consultant Alan J. Friedman observes that how ‘invisible’ risks are made visible is
tightly enmeshed with the respective museum’s ‘sustainability politics’ (Friedman,
2007b). Friedman reports that in the US, some science centres in need of funds
‘have become more like entertainment centres than museums, with science-free
big-screen films and exhibitions remembered most for their flashing lights and loud
sounds’ (Friedman, 2007b:4). The need to please sponsors and to appeal as
'edutainment' to the largest possible audience has indeed led to the exclusion of
controversial material or science content, the science of evolution being one
example (op.cit.). Another strategy has been to turn the uncertainty associated with
new technologies (and other phenomena) into an advantage. The ambiguity of
invisibility and intangibility seems to help create exhibitions that, while
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proclaiming to open the topic up for questioning, evade making critical standpoints.
An example is the team of ‘negotiating’ cartoon characters featured in 'The Science
Of...'s' ‘Survival’ exhibition (The Science Of…, 2008), where each character
represents a different view towards new technologies and their potential impact.
The characters are also an example of how opposing standpoints towards new
technologies can be turned into marketable components: the end of the Science
Museum based exhibition ended directly in the shop where you could buy your
favourite character as a figurine or other consumable.

In the light of such cases, curators of critical exhibitions are careful to put together
exhibitions which are not giving the impression that they are 'legitimising science
and scientists' (Ward, 1997:89) or pushing the products of corporate sponsors. To
most museums it remains important that they are regarded as respectable and
'neutral territory', places where publics can go to seek information about a particular
topic (L.Bell, 2008:395). There have even been visions of a 'third' generation of
science museums which emphasises the wish for museums to play a 'new vital role
in our communities' and in the political landscape (L.Bell, 2008:394, see also
Bennett, 1995:105). Further extending the people-centred, participatory component
of current science engagement, these 'third generation' museums are to become
places where true interactivity is realised and the critical adult visitor is valued (see
Bennett, 2000:58). Considering themselves providers of a different form of political
engagement, the aim here is not to encourage visitors to participate in ‘‘party
politics’, but [to fully participate] in the systems that define and shape society’
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(Bandelli, 2010:1). So far, suggestions how to bring about this new generation of
science centres have been 'wooly' at best (see Bennett, 2000:59). Critics have also
noted a discrepancy between demands for new forms of participation for/from adult
visitors and the absence of adults, other than for the sake of their children, from
many sites of science engagement (A.Bell, 2008, see also Boon, 2008). Studies
have found that adults interested in such advanced forms of science engagement are
not likely to be typical science museum patrons (Martin et al, 2004:195). Curators
are thus unsure what forms of engagement adult visitors really want (see Bennett,
2000:58). The new vision has also provoked the question over, if science museums
are moving away from their authoritative position, the extent to which they are
prepared to go all the way and become 'destabilising institutions’ (Ferguson,
2006:30).

These uncertainties surrounding museum engagement with controversial new
technologies have not deterred museum professionals from experimenting with
different forms of engagement. The trend in science museum engagement towards
supporting 'active citizenship' has led to an emphasis on modes of engagement that
take visitors beyond the consumption of facts (see Barry, 2001, Davies et al,
2009:343). Experiments with new forms of participation have shown ambition to
move beyond the confines of what 'science' is and a 'public' does. So far, two main
lines of experimentation can be distinguished. The first one appears to mirror the
efforts of policy-engagement to replace one-way with two-way science
communication (see L.Bell, 2008), and focuses on dialogue as a form of
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introducing 'rational debate' to the museum. The second line of experimentation has
focused on sensory engagement as a way of making new technologies accessible to
publics. In the following two parts I will give an overview of the kind of
experimentation that has taken place and discuss the different attempts that have
been made to negotiate 'scientific' and 'public' spaces.

Dialogue in the museum
Museum exhibitions on controversial new technologies are increasingly becoming
sites of debate. In many cases, dialogue is regarded as a progression from sensory
engagement which is seen as exciting, but ultimately limited (see Amodio, 2008:1).
Considering the current popularity of 'dialogue' in the museum, this area has
received relatively little commentary (see Davies et al, 2009, Davies, 2009:399).
The existing literature very much echoes the discussions around the 'dialogic turn'
in policy engagement (Davies, 2009): dialogue is discussed as the 'next stage',
moving away from the image that ‘science is for children’ (see Pickstone, 2008)
and towards the adult visitor as an active 'scientific citizen' (see Blache, 2000).
Such initiatives have been supported by government and science societies in the
hope of regaining public trust by lowering the distance between science and
publics, although the current recession has seen substantial cuts in public
engagement funding (e.g. EPSRC, 2010). By creating a form of science museum
engagement that is more suitable for adults, it is hoped that these target groups
might become inspired to sustain an interest in science (see Bennett, 2000:57,59).
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Such new forms of science engagement are portrayed as a direct response to
criticism that existing models follow a limited and limiting definition of what it
means to engage publics with science. These models have been deemed particularly
unhelpful and frustrating when it comes to contemporary science and technology
(Bennett, 2000:56). Current practices have been described as isolating and
encouraging passivity (Bennett, 2000:58). To create an alternative approach, it is
felt that not just interactivity, but a certain kind of interactivity needs to be
supported: namely social interactivity (e.g. Bradburne quoted in Bennett, 2000:58,
Edson, 2001). This kind of interactivity takes place between persons - amongst
museum visitors, between visitors and staff, and between visitors and other
stakeholders – mainly in the form of conversation.

As already indicated, museums have been experimenting with different modes
through which dialogue is being facilitated. A common appearance is the
'discussion exhibit'. Discussion exhibits follow on from the more familiar 'feedback
areas' by making visitor opinions part of, or central, to the exhibition in question.
Opinions are collected through questionnaires, a 'call to arms' (as in the latest
Science Museum exhibition on climate change, 'Prove it!') or even video booths.
They are often edited free of 'spam' comments and subsequently presented for
viewing by other visitors – on monitors, cards or even panels – in full or as graphs.
On occasion, they are part of opinion polls or research. At the Miraikan ('House of
the Future'), the museum for emerging science and technology in Tokyo, for
instance, the collected opinions are handled differently in each exhibit. While, in
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some exhibitions, no analysis takes place at all, in others, opinions are evaluated
and shared with researchers working on the respective topic (e.g. gene medicine)
(see Ikebe, 2009). On occasion, opinions are displayed at special events and
conferences (op.cit.). At its best, as Liebhold finds, ‘visitors critique the exhibit,
call for additional information, relate relevant personal experiences and… comment
on earlier comments’ (Liebhold, 2000:77). This way, comments can read like a
‘public debate’ (Liebhold, 2000:77). Some curators are hoping that these kinds of
‘debates’ will one day go beyond their respective exhibitions and feed into policy
(see L.Bell, 2008), as they represent potentially important thoughts on controversial
topics such as GM foods or gene medicine. Experimental discussion exhibits also
gather valuable information on museum communication itself. The 'Prove it!'
discussion exhibit, for instance, had to be altered in response to criticism from
various stakeholders (Webster, 2010).

At the moment, many discussion exhibits take on a citizen jury style character, with
publics voting on different scientists’ comments or other 'representative' opinions
which touch on areas such as ethics, social and policy issues. In the Cité des
Sciences et de l’Industrie's ‘Man and his genes’ [sic] exhibition17 (Cité des Sciences
et de l'Industrie, 2002), for example, visitors found themselves in a small forest of
metal and perspex boxes displaying comments of scientists involved in genetic
research or related policy-making. On closer inspection, these boxes turned out to
be 'voting booths', in which visitor opinion was collected and added to polls. The

17

‘L’homme et les gènes’ has been a permanent exhibit at the museum since 2002.
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polling was also accessible from the exhibition's website. Through the resulting
graphs, visitors were able to compare their opinions to those of other visitors and to
see how many shared a similar view. This may appear as a very weak form of
interaction, however, the voting only seemed part of what the curators were trying
to achieve in this exhibit, namely for visitors to engage with the quotations. This
aim was supported by panel at the end of the exhibition (and on the website) which
read:

‘You will leave the exhibition with a few scruples, or - etymologically speaking - a
few pebbles - white stones to mark your way, but also stones in your garden, which
bother, concern, question…’ (Cité des Sciences et de l’Industrie, 2002).

A similar agenda of 'raising questions' is followed at the Miraikan. Here, the reason
for including discussion exhibits is to enable visitors to share thoughts with one
another and to alert visitors that scientific explanations are not sufficient to solve
issues. As scientist-curator Yasushi Ikebe notes: 'science provides no answers, but
is a way of thinking' (Ikebe, 2009). Gammon and Mazda note that discussion
exhibits work well with controversial issues where a ‘desire to effect change’ is
more present. They remark that in a nanotechnology-related exhibition on ‘bucky
balls’18 this desire was not present strongly enough. Faced with the exhibit’s
question ‘What do you think Bucky Balls might be used for in the future?’,

18

Buckyballs are molecules made from 60 carbon atoms. The structures of these molecules
resemble the geodesic domes invented by R. Buckminster Fuller, hence the name ‘fullerene’ or
‘buckyball’. ‘Buckyballs’ are regarded as one of the key nanotechnology ‘building blocks’ (see
Guardian.co.uk, 2010).
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‘[t]here was no compelling motivation for visitors to answer this question, as
evidenced by the fact that less than 20 comments were left over the five months the
exhibition was open’ (Gammon and Mazda. 2000:165).

Even in the space of the museum, it seems, nanoscience fails to incite interest.

Despite the possibilities they offer, discussion exhibits are seen as the more
primitive form of debate in the museum (see Marty, 2008). Visitor input, while
embedded into the fabric of the exhibition, often appears contained, unable to
provide real exchange. To facilitate this exchange and to further lower the distance
between museum/topic and visitors, discussions and even one-to-one dialogue have
been introduced to the museum (see Al-Najjar, 1997:71). Projects have included an
intensified integration of scientists in the museum who are available for discussion
(op.cit.), the use of 'scientific drama' inside and outside of museums (Quin, 1997),
public debates (DANA Centre, 2008), discussion exhibits (Ikebe, 2009, Gammon
and Mazda, 2000) and even consensus conferences (L.Bell, 2008). Although
dialogue is often portrayed as a mere intensification of interactive museum
engagement, it is also considered challenging to undertake in the museum. Not only
is it costly, but has to be tailored to the time-frame of the museum visit. Moreover,
its quality can vary considerably according to the communication skills and
charisma of the communicators. In many cases, these events have to happen after
normal closing hours or in separate spaces.
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The latest iteration of this strand of engagement is consensus conference style
engagement. The Boston Museum of Science, for instance, has undertaken such a
project as part of a nationwide initiative to advance public engagement with
nanotechnology. Larry Bell, a director at the museum, reports that the initiative for
this experimentation came through debates on what to do with the information
gained through discussion exhibits (L.Bell, 2008:386). The resulting 'conference'
involved collaborations with scientists, and, method-wise, appeared as a cross
between the UK's NanoJury UK and 'GM nation?'. As in GM Nation?, participants
(adults and teenagers) were separated into different tables. These tables were joined
by ‘experts’ who could be questioned with regard to science and societal issues.
The goal of each event, however, was to decide whether decision-making should be
left to experts, ‘watchdogs’ (activists, advocacy groups) or publics (see L.Bell,
2008:392). To start debates, 'discussion aids' were used such as the ‘Decide’ card
game and various materials introducing and discussing scientific and potential
social issues of nanotechnology. The question participants were given was: ‘Given
the potential benefits as well as the unknown risks associated with nanotechnology,
who should play the major role in shaping its future development and the
government policies concerning its use?’ (L.Bell, 2008:392). The three options
given were: experts, watchdogs and ‘the public’ (op.cit.). Although participants
were asked to vote on these options, the emphasis was more on determining the
strengths and weaknesses of these options and on inventing new options about how
the future of nanotechnology should be decided (L.Bell, 2008:393).
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The atmosphere of the event seemed to fit well with the ambience of the museum.
Bell takes care to emphasise that participants enjoyed the experience and even
stayed in the museum after the programmed discussions had finished. He also
observed that the event was pleasant for museum staff, because they did not feel
under pressure to explain nanotechnology 'the right way' - instead, they could let a
variety of expert and visitor opinions co-exist (see L.Bell, 2008:389,390). The
outcome of this process for the Boston Museum of Science was that they would like
to do more debates – and do more with the results of the debates. An option the
museum staff have started to look into is building connections with policy-makers.
For Bell, this link between museum engagement and policy is an exciting prospect:
he believes policy-connections could act as motivators for participants, as they feel
their opinion is having an impact beyond the space of the museum
(L.Bell:2008:395). At the same time, he sees it as difficult to realise. One of his
main worries is that policy-makers will not regard the data as representative enough
(op.cit.). So far, the museum has been hesitant to make this link and has been
investing in other experimental forms of participation such as a ‘Current Science
and Technology’ section with a regular TV show and live demonstrations (Davis,
2004).

In parallel, the London Science Museum has been experimenting with a mixture of
debate and entertainment to engage the adult visitor. Unlike its Bostonian
counterpart, the London Science Museum has moved adult science engagement
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into a completely separate purpose-built space, the Dana Centre, which houses
mainly discussions, but also science and technology themed comedy, music, art and
even ‘test-lab nights’ (Dana Centre, 2010a). The website promotes informal
discussions of current science issues as well as their ‘stylish’ surroundings (Dana
Centre, 2010b) Both components seem important to the message of the Dana
Centre: to offer an aesthetic, entertaining, adult-orientated environment where one
might wish to be seen, and to be accessible, not only in terms of delivery, but also
location: many events can be viewed and commented on live or from internet
archives. These aims are also reflected in the discussion style, which has been
described as moving between genres, incorporating elements from 'formal
education', 'tabloid talkshow' and 'news interview' (Davies, 2009). A further
mission of the Dana Centre is to ‘be a place where public and scientists …engage in
open, challenging dialogue about contemporary issues of public interest’ (Science
Museum Visitor Research Group, 2004:47).
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Figure 4 – Example of Dana Centre Debate Set-up (photo: Gaetan Lee)

In 2005, the Dana Centre staged four nanotechnology themed events in conjunction
with the Science Museum exhibition 'Nanotechnology: small science, big deal'. The
first event, 'Naked Science: Is a nano-future fact or fantasy?', was a discussion
event featuring a panel of speakers which included scientists, a social scientist and a
science communicator. The event was webcast live, but at the time of writing has
not been archived on the Dana Centre website. The second event, 'Nano-products:
Coming to a store near you', included product demonstrations as well as question
and answer sessions with product developers/scientists. The third event, 'Naked
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Science: Where is the UK in the nano-world?', explored nanotechnology attitudes
and their management in the UK and the US. This event can still be viewed on the
Dana Centre's website. The fourth event introduced visitors to the Democs card
game (see Chapter 3) which enables players to make mock policy-decisions. A
further gaming event took place in 2006 when the Dana Centre hosted a
nanotechnology-themed session of the Decide card game (‘DECIDE: our nano
future’). Like the Democs game, Decide was developed to support discussions in
decision-making orientated engagements. The results from the last event were
intended to feed into European policy, the Dana Centre being one of 13 other
institutions in 11 other European countries to host the game (see Dana Centre,
2006). It is not clear, however, how these results fed into policy. The current
Decide manual explains that results on certain topic are offered a ‘direct link to the
policy makers’ (Fund, 2010).

The discussion 'Where is the UK in the nano-world?' (Dana Centre, 2005)
represents a fairly typical Dana Centre debate. The evening started with voting to
get a sense of audience attitudes before the discussion. Audience members were
urged to vote quickly. After the results were displayed, the panel members, scientist
Sir Harry Kroto (via videolink from Florida), George Gaskell, Associate Director of
BIOS (The Centre for the study of Bioscience, Biomedicine, Biotechnology and
Society at the London School of Economics), Alexis Vlandas, scientist from
Oxford University and Jack Stilgoe, senior researcher at Demos gave short
presentations about their standpoints towards the topic. Kroto was also asked to
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give a short definition of nanotechnology. The panel statements were then followed
by a question and answer session which made up the bulk of the discussion. People
watching the debate on their home computers were also encouraged to e-mail or
text questions, some of which were later read out to the panel members.
Mood-wise, the debate alternated between the carefully phrased comments of panel
and audience members and the presenter's high energy showmanship. Towards the
end of the debate, which lasted around ninety minutes, the participants were asked
to vote again for comparison, and were encouraged to stay on and discuss
informally over a few drinks at the bar.

Dana Centre discussions have been the subject of both enthusiastic and highly
critical reviews. The negative reviews complain that the ’Dana Centre is on the
edge of making science overly popular and not going deep enough’ (‘gilka’, 2008).
Science Museum focus group participants found the level of a particular
presentation ‘aimed at children’ or even ‘intimidating’ because of the overly strong
showmanship element (Science Museum Visitor Research Group, 2004:62, Davies,
2008). The need to entertain – the original motto of the Dana Centre was ‘Sexing
up Science for the Masses’ (see Appleyard, 2004) - has also been criticised by
Sarah Davies who points out that much of the entertainment is derived from the
tension between opposing views, which could become a hindrance to a more
nuanced debate (Davies, 2009). From audience questions it also becomes evident
that debates are frequently visited by representatives from groups with established
view points. Concerns have further been expressed about the time pressure to
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complete tasks and to present opinions, as well as about the focus on superficial
interactions such as voting (see Davies, 2009, Davies, 2008, ‘gilka’, 2008). These
are regarded an additional obstacle to a more meaningful debate. As one one panel
member, and also the presenter, remarked during the 'Where is the UK in the nanoworld?' debate: 'it's a shame that we are getting to a close as we are hitting the
thorny issues' (Dana Centre, 2005).

The positive reviews describe events as ‘funny, interactive and thought provoking’
(‘Leon C.’, 2009, see also Science Museum Visitor Research Group, 2004:61),
‘stylish, informal and non-threatening’ (Clegg, 2005) and ‘entertaining and
sociable’ (‘Frankie’, 2007). Reviewers tend to appreciate the effort that has been
made to put together an adult science programme with varied and unusual forms of
engagement. A visitor describes its attraction as follows: 'Be ready for anything.
You never know what to expect here' (visitor quoted by ‘Leon C.’, 2009). Similar
comments give the impression that the Dana Centre's strategy to create a desirable,
exciting and informative place has met with some success. Reviewers also describe
the centre as a place where they feel they can join a debate without fear of being
inappropriate. This sentiment is echoed in Sarah Davies' analysis of these debates.
For Davies, the presenters' shifting between genres and degrees of formality allows
'authority to be taken up by a range of actors' (Davies, 2009:411). She argues that,
because the rules of the informal science debate are as yet 'unclear' due to the
novelty of the genre, these events present an opportunity for a genre to develop that
cuts across common power structures (op.cit). From my own experience of the
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Dana Centre (see Appendix 1), events tend to be a mixture of all of the above. I am
inclined to agree with one reviewer who wrote: ‘I like this place in general but you
need to know when to go’ (‘gilka’, 2008).

At first glance, these examples of dialogue-based museum engagement appear to be
emulating citizen juries, no matter how high the entertainment factor. Museum
visitors are offered the opportunity to gain insight into a new technology through
expert statements, debate its potential impacts and vote on suggestions. Even the
discussion themes of museum and policy audiences show similarities. Despite
taking place in a science museum environment, it could be argued that, to a degree,
these events make the same distinction between 'science' and 'public': in most cases,
publics are invited to discuss 'societal issues' rather than scientific issues (see
L.Bell, 2008:386) - which have been pre-framed through expert commentary,
games and event themes. In some cases, this led to the same problems of keeping
publics interested. Sally Duensing, former curator at the Exploratorium and
evaluator of the Decide card game reports that, while the game was generally
successful in generating debate, it ‘just failed’ with nanotechnology: ‘[t]he only
thing that it generated was ‘academic sleepiness’’ (Duensing, 2010:2). Her
colleague Andrea Bandelli suggested that:

‘When [the game] fails it is not because the content is not up to certain standards,
but because the purpose is not allowed to emerge. The purpose drives the content,
not the other way around’ (Bandelli, 2010:3).
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Again, the question seems to emerge: why deliberate over nanotechnology if it is
unclear what it is going to do?

An interesting point is that, in contrast to the policy-orientated debates, participants
and facilitators did not seem to feel nanotechnology was too difficult to engage
with. If anything, it could be argued that nanotechnology was made too easy
through the simplified media used to communicate the topic. There are two possible
ways of looking at this. One is to see what one visitor (‘Frankie’, 2007) described
as the 'dumbing down' of science as an attempt to retain visitors: debates need to
remain enjoyable or even 'sexy'. There may be a fear that sensitive and complex
debates do not generate enough excitement or tension to sufficiently entertain
audiences. From this perspective, publics can only engage with science if it is
brought 'down' to what is perceived as a 'public' level. The second interpretation is
that museums have realised that an ordinary debate does not sustain engagement.
Museum-based discussions give the impression that in order for debates to be
sustained, particularly in the absence of a wider debate such as in the case of
nanotechnology, these need to offer something that attracts people to it. They need
to appeal to people's curiosity or their desire for intelligent or 'different' forms of
entertainment. As Jorge Wagensberg, curator at the science museum in Barcelona
proposes, stimulating curiosity is not only an important factor in engaging children,
but adults, too (see Wagensberg cited in RTDinfo, 2003). He explains his approach
to museum engagement as follows:
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'The primary task of a museum is neither to teach, nor to protect a heritage, nor
even to inform or educate. Of course these aspects can be present but I believe that,
much more fundamentally, one must seek to 'stimulate' the visitor – especially
through sensory stimuli and experimentation – causing surprise, provoking a
questioning reaction, and providing food for thought rather than ready-made
answers. The aim is to draw on the public's curiosity about the world, nature and
knowledge, the result being that people do not leave the museum exactly the same
as they went in' (Wagensberg in RTDinfo, 2003).

The appeal to curiosity and the desire to ‘stimulate’ are also explored in another
strand of museum-based interaction: sensory engagement. This type of interaction
has experienced a new surge of interest. Major funding bodies such as the
Wellcome Trust are supporting the use of sensory engagement, especially through
art practice, which has come to be regarded as one of the keys to making 'science'
more accessible. In the next section I will describe some examples and key ideas.

Sensing the nanoscale
Responding to the findings of an international stakeholder survey on controversial
exhibitions, a museum professional remarked that ‘[n]o other widely used
institution of learning utilises three-dimensional and environmental evidence’
(Gurian, 2006:8). Because of this emphasis, museums feel that they represent
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different learning environments (op.cit) or, as one focus group member phrased it:
museums offer a ‘tangible way of seeing’ (participant quoted in Kelly, 2006:1). To
support such rapport, sensory engagement is experimented with as part of an ongoing effort to make museums more interactive. The most familiar manifestations
of sensory museum engagement bear witness to this intention: they are called
'interactives'. 'Interactives' can be described as educational installations which allow
visitors to trace scientific phenomena or even entire experiments through hands-on
interaction. They frequently offer a simplified experimental set-up which visitors
can operate with the push of one or more buttons. Originally conceived to critique
distanced contemplation as the only form of interaction in a museum, 'interactives'
have declined in esteem. Although they continue to be extremely popular with
museum visitors (see Barry, 2001:139), they have earned the reputation of being
nothing more than ‘expensive playgrounds’: successfully entertaining visitors, but
not helping them sufficiently to connect to the topic in question (see Barry,
2001:140, Marty; 2008:140; Bennett, 2000:56; Galluzzi, 2000:108). Their
interactivity is contested through many examples of 'interpassivity' where visitors,
instead of being experimenters, follow exercises that are largely predetermined in
their structure and outcome (see Barry, 2001:137,140; Russell, 2008).

Even though 'interactives' and related activities are clearly limited in their capacity
to communicate, they have come to be regarded as starting points for ‘new and
more open forms of interaction and participation’ (Krull, 2003:7). A key theme that
unites current kinds of experiments is the rediscovery of the body as a 'source of
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knowledge' (Barry, 2001:131). This theme has been interpreted in a number of
different ways. The recognition of vision as an active, sensory activity, for instance,
has resulted in a renewed interest in displays (Galluzzi, 2000, Bennett, 2000). Of all
the senses, however, the sense of touch has received the most attention.
Experiments have taken place with a variety of 'hands-on' engagements such as
curiosity cabinets (see Krull, 2003:7), object handling (Hetherington, 2003),
computer simulations (CERN, 2008, Science Museum, 2005), multimedia
simulations (Hantke and Schärer-Züblin, 1997:270, references) and art-science
collaborations (Vesna and Gimzewski, 2003a, Sommerer and Mignonneau, 2002).
Luigi Amodio, director of Naples science centre, Fondazione IDIS-Città della
Scienza, predicts that the hands-on model will be of significance beyond the
museum and become ‘a major part of the relationship between science and society
in the future' (Amodio in Times Higher Education, 2005).

Paradoxically, the subject of nanotechnology has attracted a diversity of
experiments with hands-on engagement. Although much of the nanotechnologyrelated communication in museums has been fairly visual and textual - panels
illustrating the size difference between 'us' and atoms, images from STM images,
displays of consumer products, quotes from scientists predicting possible scenarios
(e.g. Science Museum, 2005a), the challenge nanotechnology poses to human
perception has led to the development of exploratory tactile installations. Some
offer very basic insights into the ‘nano lab’, as in the case of the Miraikan, which
offers regular atomic force microscope demonstrations to give visitors an insight
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into how scientists work with the nanoscale. Computer games present another way
of accessing the nano-level. To accompany its 'Nanotechnology: small science, big
deal' exhibition, the London Science Museum commissioned the computer game
'Duckboy in Nanoland' (Science Museum, 2005b).

Figure 5: Screenshots from Duckboy in Nanoland (Science Museum, 2005b)

The game, which exemplifies a number of similar designs19, illustrates the
mechanics at the nanoscale by comparing it to fun fair rides. The duck race or
obstacle courses begin in the familiar environment of 'our' scale, but, half-way
through, 'shrink' the scenario to the nanoscale, where each ride is subjected to
different nanoscale phenomena such as strong force or viscosity. In this second
half, players struggle to complete the ride, even if they manage to somewhat adjust
to the strange new mechanics. After a while, a screen appears explaining the type of
'obstinate' force the players have been struggling with and also what nanoscientists

19

Another example is the Large Hadron Collider (LHC) game at CERN Microcosm, in which
players can symbolically adjust the LHC magnets to successfully guide a particle around the ring
(CERN, 2008).
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- and matter at the nanoscale - are doing to successfully operate in this
environment, e.g. by keeping 'sticky things' separated with electrical charges. The
players can then try these tools themselves, which allows them to finally complete
the respective challenge. The game received very positive feedback from scientists
and visitors (Jones, 2005a; Small Times, 2005). It was noted that the game allowed
players to symbolically experience ‘[h]ow different the world feels, looks and
behaves at the nanoscale’, thus helping them to get an intuitive feel of the topic
(Waterson quoted in Small Times, 2005).

Another approach to creating environments for symbolic experimentation has been
the use of multimedia installations. As in the 'Duckboy' game, nanoscale
phenomena rather than applications tend to take centre stage. Dismissing common
modes of connecting nanotechnology debates to the 'everyday' through consumer
products, they support visitors in making more unusual connections between the
'nanoworld' and 'their' world. Two projects stand out in their approaches of getting
visitors 'in touch' with the nanoscale. In 'Nanoscape' and 'nano', tactility is regarded
as an important process in communicating nanotechnology. Challenging its
reputation as an 'intangible' technology, the creators of the respective installations
propose that touching echoes the tactile rather than visual process of imaging and
working with atoms (we cannot see but 'feel' atoms). As the nanoscale itself cannot
be perceived by the human sensorial apparatus, the installations render atomic
behaviour as scaled-up interactive environments for visitors to explore with their
whole bodies. Rather than being part of science museum exhibitions, these projects
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were shown in art or designated art-science spaces and identify themselves as artscience collaborations.

The first project is the Nanoscape by Christa Sommerer and Laurent Mignonneau
(2002). The Nanoscape was part of a travelling exhibition called Science + Fiction
(Iglhaut and Spring, 2002), which featured a whole collection of art-science
exhibits on different emerging sciences and technologies. The Nanoscape explores
a novel way of engaging with 'invisible risk': invisible, interactive 'sculpture'.

Figure 6: The Nanoscape in action
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The installation, which almost completely abandoned vision in favour of touch,
used strong magnetic fields to replicate the nanoscale. Hidden electro-magnets in
the installation were coupled to a computer programme which simulated the
interaction of around 120 atoms. Visitors could trace and influence the 'atoms' by
donning metal rings that reacted to the invisible fluctuations of the magnetic field.
Cameras, connected to the computer programme, recorded visitors' hand positions
and movement speed, and fed this data back into the atom simulation. This
influence was perceptible through the rings. Through this process, visitors had to
build a vision of the nanoscale entirely through the haptic register - there were no
visual clues, apart from the hand movements and reactions of other visitors. All that
could be seen were four inert, frosted blue glass tables.

The second project, 'nano', a collaboration of media-artist Victoria Vesna and
scientist James Gimzewski (2003a), offered several installations in one space. In
this exhibition, put together by a team of ‘artists, chemists, nanoscientists, writers,
theoreticians, musicians, monks, architects, engineers, programmers and poets’,
visitors could connect to the nanoscale through ten installations, a resource space,
the exhibition's 'buckyball' architecture and even its ‘feel seating system’ (Vesna
and Gimzewski, 2003b:10). Again, the exhibition did not take place in a science
museum, but in the Los Angeles County Museum of Art's (LACMA) experimental
space. Although it was emphasised that the exhibition was for visitors of all ages,
due to the location's former function as a children's area it often became classed as a
children's exhibition (see Sterling, 2004). The exhibition focused on how scientists

158

experience the space of the nanoscale and, in particular, how they negotiate the
shifts between scales (see Vesna and Gimzewski, 2003b:5). As Victoria Vesna, one
of the curators of 'nano', explained:

‘My goal [was] to show that these worlds have a distinct quality in relation to time
and navigation but are not separate, and one is not more important than the other’
(Vesna quoted in UCLA ATS, 2004).

The curators envisioned a space in which visitors would symbolically be taken to
the nanoscale – where they could experiment with nanoscale phenomena like
scientists, but also where they could 'become' atoms and get a sense how they
interact with each other (see Vesna and Gimzewski, 2003b:5). The exhibition was
multi-sensory, designed to transmit this shift between scales ‘through [the visitors]
eyes, ears, hands, even through their feet’ (Vesna quoted in UCLA ATS, 2004).
Three strategies were pursued to achieve this: ‘enlarging what is supposed to be
invisible; mixing virtual and physical spaces; and exploring the borderland between
the real and the imaginary’ (De Souza e Silva, 2004:31). Some elements of the
exhibition served exclusively to anticipate and illustrate the shift between scales. At
the entrance of the exhibition, for instance, visitors' faces, captured by cameras,
projected onto the wall in front of the in the shape of a molecule which appeared to
be getting smaller (see De Souza e Silva, 2004).
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Figure 7: The entrance to nano

Dark ‘Sense Spaces’, designed to disorient and to encourage visitors to use senses
other than the visual, functioned as another boundary zone between our scale and
the nanoscale and ‘metaphorically inject[ed] visitors into the invisible nanospace’
(De Souza e Silva, 2004:31).
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Figure 8: The ‘Fluid Bodies’ installation

The nanoscale itself was represented through a variety of installations which each
strove to emulate different aspects such as instability, connectivity and van der
Waals interaction (a type of inter- and intramolecular forces). Instability was, for
instance, communicated through an installation entitled 'Fluid bodies', in which
visitors' images were captured and turned into projected 'particle clouds'
formations, which disperse and come together again. Projections also helped
visitors to experience ‘quantum tunnelling’, the passing of a particle through a
barrier which has a higher energy state - a phenomenon forbidden by classical
physics.
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Aside from enlarging nanoscale phenomena, part of the exhibition was dedicated to
emulating molecular engineering, to remind visitors of the human interventions in
this space. The installations 'Inner Cell' and 'Atomic Manipulation' symbolised the
separate but connected spaces of the nano- and macro-scale.

Figure 9: The ‘Inner Cell’ installation

In the 'Inner Cell', the exhibition floor was turned into a surface of 'atoms' by
projecting a hexagonal grid onto it. These hexagons or 'atoms' were continuously
disturbed by the presence of visitors, who symbolised other particles the atoms had
to react to. Sub-woofer speakers made the floor vibrate, to symbolise its wave
nature, while projections of 'buckyball' molecules moved along the walls. Visitors
could manipulate the movements of these 'buckyballs' with their shadows.
'Molecules' reacted in a similarly strange fashion as the 'atoms' on the floor. Visitors
could also interact with several large robotic ‘atoms’ which also populated the
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space (see image X). Again, these 'atoms ' also responded in very counter-intuitive
ways, so that the visitors had to re-think accordingly if they wanted to successfully
interact with them. The 'actual' molecular engineering, however, took place in the
adjoining room, accessible through another ‘sense space’.

Figure 10: The ‘Atomic Manipulation’ installation

There, visitors found out that they could move the robotic ‘atoms’ through a control
table. Showing a hazy projection of the events in the room they had just left - the
installation was designed to evoke the blurry images produced by STM’s - the table
allowed visitors to experience what it is like to move atoms in the laboratory at a
larger scale.
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What distinguishes nano and the Nanoscape from other attempts to engage publics
with nanotechnology is, first of all, the scale. Visitors to the exhibitions not only
moved a mouse/cursor (although one could argue that this was also a part), but
experienced installations with their whole bodies. Secondly, the exhibitions
emphasised themes that were beyond the interest of typical nanotechnology
exhibits, such as boundary blurring between scales, the temporary nature of matter
(see Milburn, 2004:125) and its lack of ‘substance’. Matter was portrayed as
something ‘in flux’, something that arranges itself according to its own laws which,
in turn, affects our ‘scale’. This agency of matter was more implicit than explicit in
the installations, taking the form of ‘obstacles’ the visitors had to negotiate. It
seemed to be up to the visitor to acknowledge this, the exhibition presenting an
‘invitation’ to reassess established notion and ‘values of reality’ (Vesna and
Gimzewski, 2003b:7). This reflects Lynda Kelly’s observation that museums regard
themselves as places which give publics the ‘opportunity to make their own
meanings’ (Kelly, 2006:20). The exhibition further presented an invitation to
participate in the shaping of nanotechnological futures (op. cit.) – through building
imaginations of new relationships between ‘scales’ of ‘life’ (I will discuss this in
more depth in Chapter 5).

That people could 'access' the nanoscale and even got to 'do' molecular engineering
was praised by many reviewers of the exhibition (Sterling, 2004:190, see
references). The diversity of interested publics was also pointed out by the curators:
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The exhibition also aired on national TV during “The NewsHour with Jim Lehrer”
and we were told by the director that they had the largest audience age span for
NANO—from toddlers, to teenagers, to intellectuals. This is probably the most
significant indication of why the merging of disciplines is so important in this day
and age (Vesna and Gimzewski, 2005:311).

At the same time it was noted that some of the installations were quite difficult to
understand. Writer Bruce Sterling, one of the reviewers of the exhibition found that
'nobody, no matter what age and how hard they try, [could] figure out what ‘Fluid
Bodies’ is trying to say or do’ (Sterling, 2004:188). Sterling, who visited the
exhibition in its last weeks and was faced with many exhibits damaged from
overuse, seemed unsure which installation was malfunctioning and which was
communicating the strange properties of the nanoscale. It is very likely that other
visitors, too, emerged both informed and confused at the other end of the
exhibition. To a degree, this was intended by the curators (see Lewak, 2004). It was
hoped that a mixture of confusion and fascination would provoke visitors to make
use of the resource room where more in-depth explanations – along with more
activities - were provided. In this room, visitors could further experiment with
'molecular engineering' through activities such as 'The Crystal Method' which
enabled visitors to manipulate 3D ‘molecules’ with 'sensed tongs' or 'Feeling is
seeing', an installation using atomic force microscope (AFM) imagery and a 'tactile
interface' through which the visitor could feel 'resistance and vibrations' while
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exploring surfaces in molecular detail (Vesna and Gimzewski, 2003b:72). But it is
equally possible that, in some cases, frustration discouraged visitors from
undertaking further research.

The use of scale as spectacle has also been criticised. The Critical Art Ensemble,
for instance, has expressed the concern that scale is used to ‘cover the emptiness of
content’ (see Critical Art Ensemble, 2002:68). In the case of nano, the curators
defended their focus by arguing that they are making a space accessible whose
qualities can normally only be experienced in the confines of laboratories20. By
creating an approximation of what is normally deemed a 'scientific' space, the
installations allowed visitors to cross into this unfamiliar territory and equipped
them with tools to navigate it. In 'nano', sensing the difference between the
nanoscale and the 'macroscale', and getting a feel of how they interact, were seen as
means to 'produce' visitors who are not as easily intimidated or won over by
unrealistic claims about nanotechnology. Entering the immersive environments,
publics were encouraged to experience the nanoscale as strange, complex and
interconnected - to understand the scientists' fascination with this space, but, also,
to link this wondrous world to their 'own' (see Lewak, 2004). The curators of 'nano'
maintained that the immersive experience of 'nano' would, after an initial
disorientation, lead to increased familiarisation, and arm visitors against similar
tactics employed by the nanotechnology industry or the media to impress publics.
Less easy to defend are attacks that sensory engagement is an unsuitable form of

20

The same inequality of access was described by the Critical Art Ensemble with regard to genetic
engineering (2002:64-65).
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engagement for adults. Bruce Sterling's review, for instance, portrays 'nano'
exclusively as a children's exhibition. Although findings show that interactive
sensory engagement appeals to a diversity of age groups (Hornecker and Buur,
2006:444), 'hands-on' continues to bear the stigma of being 'minds-off' or ‘mere
play' (see Macdonald, 2002:256-7). Claims about the beneficial effects of play or
sensory stimulation are dismissed as vague and idealistic. Critics have also
questioned the value of installation art or sensory engagement as vehicles for the
communication of 'invisible risks’. There is a fear that representations of 'invisible
risks' are inaccurate and lead to the wrong conclusions about material
interrelationships or scientists' abilities to shape matter (see Hantke and SchärerZüblin, 1997:270). There is also the question what exactly ‘art’ does (see Ede,
2005:3, Figure 11): and whether this is art, or science engagement. And, if it is art,
what does art do that science engagement does not?

Figure 11: Visitor comments from the nano exhibition
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The way such comments have been approached is by recasting art as an ideal
mediator between science and public. Science museum curators have proposed that
not only can art engage differently through its attention to aesthetics, but it can also
perform other tasks science engagement apparently cannot, such as addressing
visitors’ emotions, beliefs and values, and even criticising science (Wagensberg,
2000:132, Wilson, 1996). Especially in connection with contemporary science and
its 'invisible risks' more traditional approaches are felt to have become meaningless
(see Loewenthal, 1997:163, see Wagensberg, 2000). Art, it is believed, is met with
different kinds of expectations and thus can 'put science on trial, question its
method, point out its stereotypes' (Fehlhammer, 2000:19). It can even question the
space of the museum itself (e.g. De Souza e Silva, 2004). A problem that science
museums have also been facing is the restriction of their attraction of audiences to
those that already have an interest in science. In order to attract other audiences
whose lives are believed to be 'increasingly remote from science' (Loewenthal,
1997:163) science museums have discovered art as ‘a medium that much of the
public still finds more accessible than undiluted science' (Arnold, 2000:89). One of
the reasons for the creation of the Wellcome Trust's 'SciArt' programme, for
example, was to broaden access to medical topics. Rather than as a purveyor of
scientific accuracy, art is imagined as a 'catalyst' that gives visitors the opportunity
to make different sorts of connections to the subject and provides a 'spark' for new
sorts of questions (see Redler, 2009).
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It could be argued that such statements once again represent science as a socially
neutral and separate space, which needs art to form a connection to other spaces, so
that it can maintain its integrity. Yet, art practice-informed sensory engagement is
also portrayed as a mediator which not only works towards creating dialogue
between 'scientist' and 'public' spaces, but tries to actively blur it (I will talk about
art in more detail in the next chapter). This is reflected in the setting of these
exhibitions in both science and other museum spaces, in the desire to turn publics
into 'experimenters', but also in the strong reactions of some visitors who do not
wish this blurring of 'authoritative fact' and 'inappropriate' issues to become more
prominent (see Redler, 2009:3). Exactly because this blurring and questioning is, at
times, perceived as a disruptive element, it remains an interesting starting point for
ways of bridging the 'science'/'public' boundary – not only in the space of the
museum, but in other spaces of public engagement as well. Especially the dynamic
between playfulness and accessibility, which is also experimented with in the
museum-based dialogue events, could be a key to developing an alternative
discourse around nanotechnology that does not have to be initiated by disasters and
fear, but by ‘critical curiosity’. This strategy, however, would necessitate that
publics engaged through sensory means are supported in articulating the question of
'what does this mean?' that is provoked through these interactions (Gimzewski in
Lovgren, 2003). As scientist/artist Cris Orfescu explains:
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‘With my art I just give people a jump, the information regarding nanotechnology is
abundant online, and if their interest is higher, and they are searching for more info
after they viewed my artwork, I feel like my art did the job’ (Orfescu, 2007b).

The question is whether the diversion to online sources is enough or whether
audiences of this kind of art-science engagement should be given the opportunity to
further mobilise their thoughts. At the moment, multi-sensory installations invite
sizeable audiences into spaces of playful, critical engagement, but there are no
dedicated spaces for voicing this critique. The proliferation of extensive resource
sites with downloadable images, videos, books and essays seems to reinforce rather
than prevent the whole experience remaining a private affair. The nano exhibition
booklet, for instance, emphasised that the exhibition is 'about your own experience'
(Vesna and Gimzewski, 2003b:8). On occasion, workshops are hosted to turn
sensory engagement from a more personal affair into a more communicative
experience (see Redler, 2009), yet despite the kind of response these event attract,
one cannot say they are convening a public around nanotechnology. Sarah Davies
even seems tempted to argue that science engagements do not go beyond personal
experience unless they link in with policy engagement or other forms of political
action (Davies et al, 2009). Whether this is the only way discussions about
nanotechnology can or should be taken further is debatable. What becomes evident,
however, is that there are two ways of engaging with nanotechnology and
imagining publics that are kept separate. One is critical or 'rational' debate which
takes place to prevent publics from becoming fearful and anti-nanotechnology.
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Another is playful, curiosity-driven engagement with nanotechnology which
attempts to make new connections and raise different sorts of questions by messing
with material and social boundaries.

A new starting point for experimentation could be to see what happens if you refuse
to make this separation and combine the 'critical playfulness' of sensory
engagement with the opportunity for debate. There appears to have been one
attempt to combine hands-on engagement and policy-orientated discussion. The
European Union sponsored travelling exhibition NanoDialogue was designed as an
experiment into future ways of conducting public engagement with new
technologies (The Times Higher Education, 2005). The objective was to use handson engagement, which included science demonstrations and the handling of
consumer products (sports equipment, computers, oven trays etc.), as a means to
build a connection to 'real life' (Amodio cited in The Times Higher Education,
2005). The dialogue component consisted of a mixture of focus groups and a threepart questionnaire in which aimed to capture the ‘socio-demographic profile’ of the
participants as well as their ‘perceptions and expectations’ and their ‘assessment of
the potential benefits and risks’ of nanotechnologies (see Joss et al, 2007).
Unsurprisingly, the outcome of this project mirrored the results of many other
nanotechnology engagements: ambiguity towards nanotechnology, agreement that
publics should be involved in decision making and the prevalence of associations
such as science fiction, control, ethics, economic potential (op.cit). It would have
been interesting to see what the NanoDialogue participants had discussed in the

171

focus groups if they had experienced the nano or Science+Fiction exhibitions
instead...

Conclusion
This chapter has tried to give an insight into how science engagement in the
museum is responding to the challenging material and social complexities of
nanotechnology by experimenting with two forms of engagement: dialogue and
multi-sensory art-science installations. Both directions are seen as a progression
from what has come to be perceived as one-directional forms of science
communication. For dialogue events, various genres serve as a model, from talk
shows to policy deliberation, to lower the distance between museum and visitors
(e.g. Gammon and Burch quoted in Davies et al, 2009:345, L.Bell, 2008). Sensory
art-science installations, on the other hand, represent an attempt at moving away
from simplistic forms of interaction which merely confirm or illustrate scientific
‘facts’. More so than dialogue-based engagement, it is drawing attention to the
material complexity of nanotechnology by trying to make the intangible tangible
and by 'rais[ing] awareness of ourselves as molecular beings' (Vesna and
Gimzewski, 2003b:5).

It could be said that both forms of engagement take scientific uncertainty and the
invisibility of nanotechnology as an opportunity for publics to question science and
the monopoly of science in the imagination of nanotechnology. This is something
policy engagement with nanotechnology could learn from. In the first wave of
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nanotechnology engagements, invisibility was experienced as paralysing efforts to
engage publics with the materiality or 'science' of nanotechnology, rather than as
opportunities for increasing public involvement. Museum-based engagement
further addresses the problem of engaging publics outside of a ‘real-world’
nanotechnological controversy. Currently, policy-orientated engagement has no real
strategy how to do this, as publics can only be imagined to be reacting to
controversial or catastrophic events. Fear and other strong emotions are believed to
be the motors for public debate. While also struggling to attract visitors to ‘obscure’
topics and recognising emotions as a motor, museum curators have started to ask
whether 'the public' could be convened, through different means. Their
experimentation, so far, has been directed towards convening publics through
curiosity. Science and technology are presented as ‘exciting’ and open to
knowledge-creation – not only for scientists, but publics, too. Although publics may
not be able to access matter the same way as scientists, they are encouraged to look
for their own access to matter by building a personal connection between
themselves and the topic. The results of this experimentation are not always met
with success or appreciation from both scientists and publics. They do, however,
present a possible direction for future ways of engaging publics.

Notwithstanding potential difficulties, there have been discussions about a merging
of certain forms of museum and policy engagement. This goes beyond the expected
role of museums as places of information and instruction for ‘active citizenship’
(see Barry, 2001). Science museums feel that they would like to give their visitors
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the opportunity to become involved beyond the space of the museum. Some
curators have advertised their readiness for action by stating that they already
interact with a wide network of 'scientists, business leaders, politicians, the press,
schoolteachers, students, and the public' (L.Bell, 2008, see also Amodio in Times
Higher Education, 2005). From this perspective, the link with decision-making
would be but a small, though still significant, step. Museum directors also seem to
have hit upon another important issue here: the importance of different publics
having adequate means to become a more powerful stakeholder in debates around
innovation. What exhibitions such as ‘nano’ offer, despite their perhaps
controversial relationship with funders, is a potentially empowering form of
engagement. Looking at the way nanotechnology policy is generated - mainly
through government commissions and with little input from publics apart from
through official engagement projects such as Nanodialogues - it is currently very
difficult to accommodate ‘public opinion’ (see Chapter 3). The only way publics
seem to be able to assert power is through their role as consumers of innovation
which, by definition, would happen at a late stage of technological development. In
order to question innovation at an earlier stage, publics would need to be able to
articulate alternative visions, and in a way that convinces authorities of their value
and validity. It could be argued that an engagement with the materiality of
nanotechnology, for instance, through the kinds of interactions addressed in this
chapter, non-specialist publics (e.g. museum audiences) might end up in a position
to generate suggestions that cannot be so easily dismissed as invalid. Perhaps this
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could lead to a reframing of the role of the public and a different kind of 'official'
public input.

Science museums are also keen to support their suitability for policy involvement
by pointing to their reach. Compared to policy-orientated deliberation, museum
engagement is accessed by a much larger audience (see Rodari, 2010). 'nano'
expected more than 100,000 visitors (UC notes, 2010) and ‘Science + Fiction’
travelled to other museums, such as the Miraikan in Tokyo (Miraikan, 2005). In
addition, 'nano', as well as the Science + Fiction exhibition, drew considerable
media and even academic attention, which resulted in the publication of several
books and articles. And, unlike public engagement which, in absence of a
controversy, appears to have difficulties retaining participants, curious visitors seek
out these engagements out of their own initiative and are even willing to pay for
admission.

Policy-engagement, too, has started to look into the possibilities that museums and
art practice can offer. Supported by arguments from political theorists that
alternative, affective forms of deliberation are as just as important to democratic
public life (see Barnett, 2007:13; Bennett, 2001:4), there has been some dalliance
with the hands-on approach. The 'NanoDialogue' project is one such example.
Despite this interest, sensory engagement has been largely peripheral to recent
public engagements with nanotechnology. This appears to be less because of its
connections with play and persuasion, but because of its association with science
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demonstrations and patronising forms of science communication. It is feared that
publics will feel that they are being educated rather than asked for their input into
decision-making. It could be argued that this danger is less present if the sensory
engagement in question explores matter's inherent instability and our unfamiliarity
with some of its phenomena, as, for instance, in the 'nano' exhibition's 'Quantum
Tunnelling' installation. The emphasis on our – scientists and non-scientists’ position at the bottom of a learning curve in dealing with these forces may work as
a sufficient resistance to persuasion. The question here is: how would the
introduction of such themes shape the dialogue of policy-engagement? To further
expand on this idea, I will use the next chapter to explore in more depth the
assumptions that are held by both artists and non-artists about art practice, play and
sensation. I will draw out further obstacles to engaging with an agentive matter in a
policy environment, such as the opposition of 'affective' and 'effective' forms of
engagement.
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Chapter 5
Playful Transformations – Art Practice and 'Invisible Risk'

Around the same time as the ‘science centre’ rose to prominence, dialogues
between art and science began to take shape. Over the last decades, these have
taken on a variety of forms, ranging from artistic attempts to destabilise the position
of science (e.g. Critical Art Ensemble, 2002) to projects that closely resemble and
function as science engagement, such art at the Exploratorium in San Francisco
(Barry, 2001:136). In some cases, the distinction between art and science
engagement is not easy to make(see Redler, 2009:2), as science-informed art often
makes use of visually dramatic or hands-on engagement primarily associated with
science centres, and science museums are drawing more and more upon artistscientist collaborations as part of regular exhibitions (Arnold, 2000, Redler, 2009).
In some museums, most prominently the aforementioned Exploratorium, art is even
part of a permanent structure and of a new set of 'practices for discovering the
world’ (Exploratorium, 2010) and for encouraging participation (Redler, 2009:2).
Despite these similarities and symbioses, many artists and curators are keen to
delineate their work from conventional science engagement and have been very
outspoken against the deficit model-inflected 'public understanding of science'
attitude of many museums (Ede, 2004:3). Even if art is part of science engagement,
it is portrayed as a different practice (Vesna and Gimzewski, 2003b:7, Krull, 2003).
A frequent distinction put forward is that art promotes critical, holistic engagement
rather than explanation (Lovgren, 2003).
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That art is 'different' is underscored by science museum and science exhibition
curators who report that art is invited into the museum to perform the tasks their
engagement is unable to do (Wagensberg, 2000:133, Arnold, 2000:89). The
descriptions of what art can do alternate between the more sober assumption that
art attracts new audiences (see Smaje, 1997, Arnold, 2000:90) to a belief in the
capacity of art to communicate the essence of a subject. Science museum curator
Jorge Wagensberg, finds that art:

does not necessarily require objectivity or intelligibility. It is based simply on an
amazing principle: certain infinite complexities, not necessarily intelligible, are
transmittable through a finite representation (Wagensberg, 2000:131).

Similar capacities have been ascribed to art during the debates following the major
public engagements with nanotechnology. Art has repeatedly been suggested as a
'way forward' for engaging publics with 'difficult' science and for evening out
power disparities between publics and other stakeholders (see H.Rose, 2007).
Social scientists in particular have suggested that art enables a special kind of
engagement that other types of encounters cannot facilitate. Art is imagined as
generating this difference, amongst other things, through setting up contrasts with
the everyday and allowing freedom from rationalisation (Bennett, 2001:4, Thrift,
2006, Lefebvre, 1992). Some of these associations can be traced back to the recent
interest in materiality and affect, and the desire to transform these theories into
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methods by incorporating ‘actual practical work’ into the research process (Thrift,
2007). In their advocacy of the affective capacities of art, social scientists tend to
echo the argument of art-science curators that public engagement with science
needs art as 'a way less dependent on rational discourse' (Ede, 2000:55).

So far, the use of art-practice to engage publics with nanotechnology has been
limited to the occasional large-scale exhibition or installation, such as nano and the
Nanoscape or digital art competitions such as NanoArt (Orfescu, 2007a, see
Chapter 7). One reason for its infrequent appearance in policy-engagement is likely
to be the scepticism art-practice based methods are facing. Methods are currently
little explored and bear the stigma of 'child's play' or persuasion (see Buckingham,
2009:642). Another reason is that standard qualitative methods, such as reports,
focus group summaries and citizen juries, already strain policy-makers' abilities to
integrate outcomes (see Chapter 3). Embracing art-practice seems likely to escalate
this situation. From the viewpoint of the government, art is mostly valued for its
illustrative function to give projects wider visibility, and for 'adding a warm, human
touch' to what might be perceived as an intimidating environment (Taylor,
2001:125). Embedding it as a method into public engagement, however, would
produce results that are even harder to quantify, placing the government in a
difficult position between the demands to involve publics more intimately in
imagining their future and the demands of stakeholders (including publics) to
produce clear and transparent outcomes (see Stilgoe and Kearnes, 2007:16).
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In this chapter I will discuss arguments for embedding art practice into public
engagement with nanotechnology. I will start by outlining art-based critiques of
science engagement and examining art's claim to be able to blur the categories of
'science' and 'public'. The following part then looks at social scientific perspectives
on art. Social scientists have called for art practice as part of public engagement
(e.g. H.Rose, 2007), putting forward reasons such as access and problematisation. I
will critically engage with such claims about art's capacities and its location in
discourses around play and sensation. I will argue that art represents a critique of
exclusion and that the embedding of art practice into policy engagement could help
publics explore important avenues of critique not normally made available because they fall outside the frameworks of deliberation and risk. In the final
section I imagine how sensory engagement could become embedded into public
engagement with nanotechnology, and outline ideas what a prototype for this form
of participation could look like.

A different kind of touch: Art-science versus Science Engagement

‘In this changing world, the work of artists changes’ (Malina, 1993:vii). Roger
Malina's statement captures the sentiment that underlies many art-science projects.
Artists engaging with science, and scientists engaging with art, frequently describe
themselves as pioneers, trying hard to work across strict disciplinary boundaries
either side of which the equal footing of the two fields is regarded as
'impermissible' (see Iglhaut in Roth, 2003:20,23).
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In defiance of its perceived outsider status, art-science work has a growing presence
in galleries and museums, and many places of scientific research now maintain
artists in residence or art funding schemes (Ede, 2000:59; Arends, 2009; Redler,
2009). Examples of supported work have included collaborations between artists
and scientists, artists who work as scientists (and vice versa), and artists working on
science and technology as a subject. The accessibility of art has been given as the
reason for its growing popularity as a vehicle to communicate new science and
technologies. Museum curators have pointed out that art is not necessarily easier to
understand, but is an easier space to enter as a non-specialist (Arnold, 2000:89).
Science is often perceived as ‘daunting’, whereas art makes people feel that they
can have an opinion about it. By placing something in the space of 'art', people 'are
prepared to regard [things] differently’ (Hesse-Honegger, 2001:7; see also Ede,
2004:3; Fehlhammer, 2000:19; Lefebvre, 1992:14; Arnold, 2000:89). Nicola
Triscott, founder and director of the art-science organisation Arts Catalyst, notes
that art seems to be successful at opening up the space of science for questioning
(Triscott, 2007).

A dominant theme within the popularisation of art-science work is the desire to
bring about a 'new Renaissance' or a new 'Third Culture'. Leonardo da Vinci
frequently serves as an ideological founding figure here alongside C.P. Snow and
his 1959 lecture on the disconnected nature of the 'Two Cultures' of the arts and the
sciences (Fehlhammer, 200:18; Ede, 2004:5,15; Sorensen, 1995; Vesna and
Gimzewski, 2003). To a lesser extent, the genre traces its roots to the nineteenth
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century Matthew Arnold/Thomas Huxley dispute on 'Science and Culture' of which
Snow's lecture is seen as an extension (Shaffer, 1998). Not all artists and scientists
working in this 'boundary zone' trace their origin to particular persons or events,
however. What unites many projects instead is their desire to reconnect and
creatively explore the differences that continue to lead to animosity between
science and the arts and humanities - the 'Science Wars' being a recent example
(Vesna, 2004; Fehlhammer, 2000:18; see also Latour, 1999, 2000). The genre is
popularised in art, science and art-science print and online media such as Leonardo,
Technoetic Arts and Nature. Unsurprisingly, the bulk of the discussions in these
publications and other fora revolves around the methodological and ideological
boundaries of art and science. The space dedicated to debating the relations of artscience collaborations with publics or other potential stakeholders is comparatively
small, but continually expanding.

One point of discussion has been the growing financial investment in 'sci-art' as an
ideal mediator between science and publics (Glinkowski and Bamford, 2009). In
fact, there have been cases of 'branding' art-science collaborations (Glinkowski and
Bamford, 2009:29). As new sciences and technologies are more extensively making
use of quantum mechanical or other 'invisible' phenomena, developers are finding
their research or products difficult to explain. In the case of nanotechnology,
companies and industry associations are putting out calls for artists, and sponsoring
competitions and magazine features (see NanoVic, 2007, Raimondi, 2007, Giles,
2009). The industry magazine Nano Now – now re-branded nano - features a
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regular art column (nano, 2010). Smaller initiatives are driven by scientists
themselves who wish to communicate their research findings to different audiences,
as in the case of Cris Orfescu, a scientist/artist who has started the competition
'NanoArt' (Orfescu, 2007a). Such platforms, as well as the generous offers of
science-related arts funding have given rise to a concern that artists are being
'bought' with the promise of funding and access to scientific equipment to ''do'
prettification, product or propaganda for the public understanding of science' (Ede,
2004:3, see also Barry et al, 2008:39). Like many artists and curators, Ede stresses
that this kind of relationship is not art. For her, art should never be like, or part of,
public understanding of science, but should instead, 'create images which suggest
alternative ways of seeing' (Ede, 2004:3, see also Triscott and La Frenais, 2007:1,
Wilson, 1996). Other artists and scientists have argued against such strict
boundaries between art and science engagement and even art and science research,
pointing out art's duty to visualise or otherwise mediate complex relations, and to
foster public participation in the future of science and technology (Orfescu, 2007b;
Redler, 2009; see also Mignonneau and Sommerer, 2005).

The question of what kind of engagement art should have with science, industry
and publics has led to a polarisation of art-science work. At its most radical, such
work has paralleled public controversies around science and technology, and has
been acerbic in criticising corporate tactics in the promotion of new technologies, at
times blending with 'guerrilla' style activism tactics, particularly in the case of
genetic engineering (e.g. Critical Art Ensemble, 2002:97). Art is seen as a tool for
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promoting change and for deconstructing claims about new scientific research.
Often, this kind of art involves tracing or even re-staging key experiments of the
technology in question, to enable equal access to this knowledge and to play with
the border between artistic and scientific research. The transgressions this process
involves has led to artists becoming embroiled in controversies of their own. A
much publicised case has been the arrest of Steve Kurtz, a member of the Critical
Art Ensemble, for the possession of bacterial cultures he had been experimenting
with (Triscott, 2007). Rather than fulfilling the role of mediator between science
and public, this deliberately 'transgressive' art has been accused of deepening the
rift between science and non-science, as artists are highly critical of science while
simultaneously perceiving it as a 'resource for [artists] to raid and appropriate'
(Kurtz in Rajotte and Hirsch, 2005).

At its other extreme, art – or 'art' - has become part of a process that makes use of
its aesthetic or subversive powers to ‘sell’ new technologies to publics. More often
called 'sci-art' than art-science collaborations – in fact, 'sci-art' has started to
become a derogatory term (Glinkowski and Bamford, 2009:30) - this work has
become an integral part of public dissemination of both 'official' information as
well as advertising. Artists who participate in these kinds of schemes have different
motivations for doing so. Some merely share the enthusiasm for science and
technology and the goal of mediating and disseminating scientific information to a
wider public (Orfescu in Kapoor, 2010). Few take a more extreme stance by seeing
their work as a crusade against 'superstitions' surrounding new technologies such as
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nuclear power (Edwards, 2008:57, 186-7), or, at the opposite extreme, by merely
taking on well-funded work to cover their living expenses (see Barry et al,
2008:39). Protesting against the pretensions of 'high art' and arguments for its
functionality (see Finley and Knowles, 1995:139) also plays a role in the desire to
mediate rather than deconstruct. Much of this work has been criticised as
superficial and sensationalist (see Barry et al, 2008:39, Critical Art Ensemble,
2002:68). This criticism has even come from science museum curators, such as Ken
Arnold who points to the danger that art in science museums 'ends up doing little
more than paying decorative witness to the power of science, with the result that the
artwork appears tame and derivative and the science remains obscure' (Arnold,
2000:89).

The bulk of art-science work, however, attempts to keep a distance from overt
oppositional or enthusiast overtones, partly not to alienate exhibitors and funders,
but also to remain in a position of being able to negotiate between science, publics
and other stakeholders. This balance is not always easily achieved, as such
collaborations are often dependent on funding or fixed communication goals.
Katherine Hayles who was involved in assembling the text for the nano exhibition,
implies that the boundary between artistic vision and censorship are not always
clear - and what becomes excluded through artistic interpretation may have a
significant influence on audience perception. In nano, she reports, certain
statements were omitted, because the science was not considered 'sound', but also
because it was feared that the more extreme predictions about nanotechnology
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would lead to an undesirable impression (Hayles, 2004:17-18). One strategy to
counteract accusations of censorship has been to provide transparency about
sponsorship. From the nano and Science + Fiction websites it became clear that
both exhibitions were sponsored by multinational corporations and other
institutions with investment in nanotechnology research (IBM, Epson,
Volkswagen). Another strategy has been to make the process of assembling and
'editing' exhibitions itself more transparent, for example, through extensive
documentation and by seeking links to academia. While nano was co-curated by
Hayles, Science + Fiction attracted contributions by academics such as Homi K.
Bhabha, Helga Nowotny, Barbara Maria Stafford and Ulrich Beck. One could also
argue that the balancing is, to a degree, 'policed' by audiences themselves.

A further move to establish the autonomy of the arts has been to stress the
uniqueness of artistic vision and to distance art-science work from 'science
engagement'. For Sian Ede, this distinction seems easy to make:

I do not believe that art can directly be about 'science' – lectures, books or
discussions are more successful at presenting explanations or stimulating
debate. If art is 'about' anything it is a reflection of human experience in
complexity, and it emanates from an inventive individual with an unusual
and sideways view on things, communicating with vigorous visual activity
and daring, its intellectual content, like that of poetry, conveyed through
hints and ambiguities (Ede, 2000:3).
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Some science communicators have noted that the distinction between art and
science is already made by audiences themselves, since visitor statistics suggest that
art attracts adults and science engagement attracts children (Pickstone, 2008). By
contrast, other observers have remarked on the similarities between the objectives
of art and science engagement, such as the wish to transform their audiences (see
Barry, 2001, Eisner, 1981, Finley and Knowles, 1995, Gell, 1998, Platform, 2010).
As mentioned in the previous chapter, artists themselves have been keen to
emphasise their privileged ability to tap into registers that are not deemed
acceptable in science engagement and provide a 'flexible, intuitive and visceral
response to the world' (Ede, 2004:3). In the case of the Nanoscape, for instance, the
artists noted that it was less important for them to explain quantum mechanics than
to 'intuitively let users experience aspects of nanotechnology’ (Mignonneau and
Sommerer, 2005). Such an imagination of art, however, is not equally maintained
by all artists. An example is Cornelia Hesse-Honegger who locates the origin of this
self-identification as different or intuitive in the disenfranchisement of the arts by
the sciences. She refuses to subscribe to this image, explaining that it dismisses
artists as objective co-inventors, and forces them to accept their approach as
'individualist and subjective' (Hesse-Honegger, 2001:10). It has further been
pointed out that ‘traditions of iconoclasm, critical perspectives, play and sensual
communication with audiences’ (Wilson, 1996) and other 'artistic' attributes may
not be exclusive to the arts (e.g. Driver et al., 2002:8). What most artists seem to
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agree on is that art needs to remain a 'zone to question and innovate’ (Wilson,
2002:875).

Another similarity between art and science engagement that has been noted is a
concern with accessibility. As Rosalyn Deutsche writes, 'public art terminology
frequently promises a commitment not only to democracy as a form of government
but to a general democratic spirit of equality as well: Do the works relinquish
'elitism?' Are they 'accessible'' (Deutsche, 1992:34)? The same link with democratic
ideas is made in science engagement and art-science collaborations (see Barry,
2001). The kind of art that is invited into the science museum tends not to cater for
the demands of the art market (see Arends, 2009:2), but acts as a ‘participation aid’,
as Bruno Latour has put it, for the visitor (Latour, 2005). Both science and artscience engagement recognise that some of the obstacles to the democratic ideals of
participation lie in the boundaries separating 'scientific' and 'public' space (see
Wagensberg in RTDinfo, 2003). The kind of art, and also the kind of interactivity
in general that is offered in these spaces tries to negotiate this problem. Yet while
science engagement tries to negotiate between those spaces to fulfil these ideals, art
practice tends to see the boundary itself as the problem that needs to be tackled.
After all, it is what appears to prevent publics from participating in building a
discourse around nanotechnology, at least, until controversy over a discovery or
accident ensues.
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The first thing most artists do not accept is the division of science and public
through the inherent 'invisibility' of nanotechnology. Artists working with
nanotechnology realise that, when it comes to nanotechnology, the experiential
distance between the world of 'matter' and the world of the 'everyday' appears
particularly great (Vesna and Gimzewski, 2003b:5-6). Out of the reach of light
microscopes at one end, and above the range of geiger counters and bubble
chambers at the other, this makes even the workings of nuclear physics seem easier
to connect to. The means it takes to coerce matter into becoming 'nanotechnology' –
the complex visualising apparatus of the STM, the knowledge of quantum
mechanics, or the secludedness of corporate laboratories – remain inaccessible to
most publics. Where biotechnology enabled artists to involve audiences through
plant breeding, tissue engineering or creating hybrid animals to question the
boundary (see SymbioticA, 2010; Critical Art Ensemble, 2002; Kac, 2009),
nanotechnology appears to offer no apparent blurring of scientific and public
practices, at least not yet. Instead, the scientists' way of interacting with the
nanoscale has inspired a different idea for blurring scientific and public spaces: the
workings of the scanning tunnelling microscope – the tip that feels its way across a
surface to create an image of the atomic scale – became a model for using sensory
engagement as a way of making nanotechnology accessible to publics (see Vesna
and Gimzewski, 2004). What projects such as nano and the Nanoscape have
achieved is the enlargement of the nanoscale to bring it within the reach of bodily
experience. In both projects, the emphasis was not on portraying the forces of the
nanoscale in a scientifically correct way in every detail, but on transmitting what

189

scientists interacting with nanotechnology experience through working with 'tactile'
apparatuses such as the STM. The artists and scientists working on the two projects
repeatedly pointed out that engaging with nanotechnology necessitates a 'perceptual
shift' from seeing to feeling (Gimzewski and Vesna, 2003:2, Lovgren, 2003). Their
installations acted as mediators for this shift, inviting visitors to imagine ways to
navigate it and to imagine possible consequences. Unlike tactility in hands-on
science engagements, touch is not (just) seen as a more intense way of learning
about a subject, but as a way of negotiating different spatialities:
nanoscale/macroscale, science/public, matter/self. The exhibition booklet
emphasised this strategy:

Nano is a different kind of exhibition:
It is not linear or chronological
There is no beginning or end
There is not right way or wrong way to go through it
It is not about imparting information
It is about your own experience
It is designed to blur boundaries
It is a new kind of studio, cultural laboratory
and social interaction space
(Vesna and Gimzewski, 2004:8).
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The refusal to offer an expert take on the subject left visitors to imagine their own
vision of the nanoscale and their connections with it. Symbolically becoming an
atom and an environment from its perspective was, in a sense, akin to building a
language which visitors could develop, make their own and use when confronted
with the topic in the future (see Lewak, 2004:209, see also Critical Art Ensemble,
2002:62, Miles, 2002:87). But it was also about more than that. By interacting with
'atoms', visitors were potentially not only encouraged to think about human
intervention into this space, but also about what matter 'does': What effects do
nanoscale interactions – whether through active intervention or chance events –
have on the 'bigger scale'? What possible interactions are there? As indicated in the
previous chapter, there are arguments about whether or not nano achieved this goal.
In a sense, it is impossible to know, as the exhibition’s effects on visitors cannot be
traced in their entirety. What is important is that these examples of nanotechnologythemed art – or art engagement – encouraged different imaginations of matter. It is
not possible to say what kind of imaginations these installations produced or might
still produce. For some visitors, it may have confirmed atomic-scale matter as an
incomprehensible, alien space they cannot connect to or do anything about, as in
Ulrich Beck’s vision of ‘invisible risk’ (see Chapter 2). For others, the installations
may have destroyed the 'fantasy of distance' (Barad, 2007:396) that is promoted in
much nanotechnology reporting: matter may have turned into a space of
possibilities – of human-matter interaction as well as of matter-matter interaction.
Through the presentation of matter as ‘obstinate’ and difficult to control, visitors
may have come to realise their own agency as well as that of nanoscale matter.
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They may even have developed a sense that the nanoscale is not a fixed space and
the future is not solely dependent on human actions – which closely resembles the
kind of thinking theorists such as Adam and Groves (2007) are trying to stimulate.
The nanoscale simulations are thus tools to provoke visitors to think creatively
about nanotechnology – about material and social issues, which may or may not
have become blurred.

This kind of boundary-blurring, or attempted boundary-blurring, facilitated by
sensory engagement is further intended to promote public confidence to engage
with nanotechnology (see Lewak, 2004:210). The installations of nano not only
'materialised' the nanoscale as part of everything and everyone, but they also
facilitated experimentation with a space normally open only to experts. Curators
Vesna and Gimzewski stated that they aim to play a more active part in the shaping
of the new technology and in supporting their audiences to do the same: they would
like to work towards building a 'cultural laboratory' where more experimentation
with the socio-material dimensions of nanotechnology can take place (see Vesna
and Gimzewski, 2003b:8). There is a desire to extend the process of
nanotechnology engagement – from tapping into the creative potential of art-based
sites where the scientific and public spaces blur to realising some of this (political?)
potential. Reflecting Marilyn Strathern's argument that a brief focus on something
is not necessarily the creative part, but that creativity is a process which happens
over time and ‘off-stage’ (see Strathern, 2000:317), artists have become interested
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in utilising some of the 'products' of this creativity that cannot be captured by oneoff exhibition experiences.

Concrete plans have not surfaced as yet. As mentioned in the previous chapter,
there have been some flirtations with policy deliberation. Art-historian Barbara
Maria Stafford, for instance, argues that art could perform its role as 'transformer
and negotiator' better if it was more closely connected with political action, and that
'artists, art historians, curators' should also 'become policymakers, not just policy
recipients’ (Stafford, 1997:88). Possible models could resemble the policy
orientated experiments that are currently taking place in museums. As I will
proceed to show, some art practice has also already been part of nanotechnology
engagements. Many of these arguments and examples, however, appear to
undervalue its potential. There are several problems with the integration of artpractice into policy, which I will discuss in the last part of this chapter. Despite
such problems, it seems as if the embedding of art practice based methods into
policy engagement now more than ever has a chance of gaining support, and this
from multiple sides. The desire to integrate art practice within public engagement
not only resonates with current themes within the 'public engagement industry', but
also within the social sciences. During the main 'Nanodialogues' post-engagement
debate as well as other debates on public engagement, participating social
scientists pointed towards the capacity of art to open the subject for questioning
(see H.Rose, 2007, Thrift, 2006, see also Bennett, 2001:4). In the following section
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I will outline how the social sciences are imagining and critically engaging with art
and art-practice based methods.

Beyond deliberation: Art practice and social science

Since the early development of the social sciences as a field, there have repeatedly
been calls for a more serious engagement with art and art practice and its
relationship with society21 (Eagleton, 1976). In recent years, these calls have started
to include a conceptualisation of art that does not just take it seriously as an object
of social scientific study, but as part of social scientific and, particularly,
geographical method (Thrift, 2008). It appears to have been the 'performative turn'
(Szerszynski et al, 2003:1) that prompted a more serious experimentation,
especially around the performing arts (see Thrift, 2000, McCormack, 2003).
Appearing under conceptualisations such as 'performativity', 'nonrepresentationality' and 'experimentality', experimentation with methods
incorporating art forms such as 'theater, opera, concert and dance, performance art
[and] multimedia' (Thrift, 2007, 2002b, see also McCormack, 2003, Erim, 2008)
has involved researchers as well as the researched. Despite the current interest in
art, practices, sensation and experimentation, and the prominent role the senses play
in our relations with the world, the body as a 'source of knowledge' (Barry,
2001:131) has yet to become a valid component of social scientific methods. Given
21

I am referring here to examples such as the work of Engels and Marx on art and its relationship
with society/ideology (see Eagleton, 1976), John Dewey’s writings in ‘Art and Experience’ (1935)
on the social role of art, Horkheimer and Adorno’s criticism of art and its connection with
capitalism/mass production or Lefebvre’s celebration of art as resistance to control.
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the sustained attention to this set of methods, and to issues around affect, it seems
as if the status of sensation as a methodological ‘irritant’ may soon be revoked.

The reason for the persistent appeal of art practice to social science scholars seems
to be that it offers something critical methods are perceived to be lacking. A
growing number of social scientists have expressed dissatisfaction with their
methodological repertoire, which they perceive as privileging 'knowing' over
'doing', and with the assumptions about 'knowledge and action' this focus on
epistemology conveys (see Hinchliffe, 2000:575). Art is seen as providing a
'conceptual and empirical breathing space' that permits social scientists to make
things 'livelier' (Thrift and Dewsbury, 2000: 412, 429; Thrift, 2002a:83). Authors
such as Nigel Thrift and Steve Hinchliffe appear to agree with Caillois' statement
that ‘logical thinking does not go far enough’ (Caillois, 1961:212), but, rather than
setting up 'rational thinking' against 'intuitive practices', they seek to explore art and
other practices as a different kind of rationality. Many other social scientists
harbour a growing desire to integrate the sensual as a form of thinking, and
'actually' experiment with it, to 'learn from it in a way you don’t, if you are just
writing about it’ (Thrift, 2006). A parallel approach has been to use art practice as
part of a strategy to 're-enchant' what is believed to have lost the power to provoke
an ethical response (Bennett, 2001:3). 'Enchanting' is understood as a process of
imbuing the ordinary with a sense of the extraordinary (2001:4). Again, what is
performed is a critique of rationality: Bennett pits her strategy of enchanting against
the view of a rationalised, disenchanted world (2001:7). For Bennett, this strategy is

195

closely related to her goal of 'animating' matter (see Chapter 2). Through reenchanting or making 'wondrous' what is or has become inert, Bennett is in a
position to infuse matter with agency (2001:73). To authors from either approach,
art is associated with similar functions that many artists are attributing to it:
accessibility, invention, resistance and, to a degree, political and ethical
engagement. These are believed to be brought about by art's reliance on sensation,
but also art's playfulness.

Early social scientific conceptualisations of art focused primarily on art's aesthetic
impact on audiences (see Eagleton, 1976; Dewey, 1935). It became common to
celebrate the impact of art as a contrast to and liberation from a surrounding
environment of order, control or routine (see Dewey, 1934:279; Lefebvre, 1992,
2002). This aspect became the centre of conceptualisation particularly for Marxist
theorists such as Adorno, Horkheimer and Lefebvre. Their critiques represent a
spectrum of attitudes toward the subversiveness of art. For Adorno and
Horkheimer, most art had become absorbed by the 'culture industry' which seeks to
prevent critical engagement and promote passivity (2002). Lefebvre disagrees with
this view and fully embraces the subversive possibilities of art. What both sides
agree on is that the most 'useless', 'nonsensical' art fulfils this purpose best
(Horkheimer and Adorno, 2002:113-4, Lefebvre, 20002:203). By default, this kind
of 'art', or even certain forms of amusement, resist rationalisation (see Lefebvre,
2002:205, Horkheimer and Adorno, 2002:113-4,). Lefebvre suggests that this
potential for resistance emanates from art's inherent playfulness: for him, works of
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art contain a 'play-generating yeast’ (Lefebvre, 2002:205). This play promotes
resistance through several ways. In the first instance, it forces people to react to
new impressions which may lead to unexpected decisions and new ideas (Lefebvre,
1992:17). Here, Lefebvre's imagination of play very closely resembles that of
Michel Serres’ concept of 'noise' which celebrates complexity, messiness, chance
events (Serres, 1995a:83). Further, adult 'art-based' play is understood as a form of
‘protected’ space in which power dynamics are temporarily suspended and a greater
than normal freedom of expression persists (see Caillois, 1961:49). As Lefebvre
describes it, play undermines authority by '[stripping things] of anything too serious
and… overimposing’ (Lefebvre, 2002:204).

Although it has been pointed out that non-art situations also harbour the potential to
produce such conditions for play-derived ideas and resistance (Edensor et al,
2009:8; Frank, 2003:46; De Certeau, 1984:106; Frow, 1991:58; DeSilvey,
2003:453), the form of play inherent in art is seen as particularly generative,
because of its inherent ambiguity (Frank, 2003:322; Du Sautoy, 2007) and its
interest in the 'possible' (Dewey, 1934:284; Thrift, 2000:221). These
conceptualisations find some support in play theory and philosophy, for instance,
the work of John Dewey and Roger Caillois. Theorists from both these fields,
however, while sharing an enthusiasm about art's properties, are much more
hesitant to endorse play as a strategy for liberation, set against the oppressive
dynamics of the everyday. Caillois observes that play represents an isolated space,
outside of which power dynamics remain intact (see Caillois, 1961:6), while Dewey
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is highly critical of the opposition between 'free play' and 'ordered system' (see
Dewey, 1934:279). For Dewey, play is more about the literal and figurative
transformation of materials and the possibilities that arise from this process. In his
'art experience', art becomes a site of encounter not only between artist and art
audience, but of 'actuality and possibility or ideality, the new and old, objective
materiality and personal response, the individual and the universal, surface and
depth, sense and meaning' (Dewey, 1934:297). Through these encounters, a myriad
of transformations and relations become possible that can positively inform social
relations – if art is not isolated from the bulk of society (Dewey, 1934:9,344). Some
of the more recent social scientific conceptualisations follow a similar logic, and
view the aesthetics-play relationship as a potential negotiating force between
rationalisation and affective states (Bennett, 2001:138-9).

Further criticism has been directed at the idea of playfulness turning art into a
medium that is easy to understand and connect with. Visual theorists have
frequently warned that art demands its own kinds of ‘literacy’ and can pose
intentional or unintentional barriers to communication (see Rose, 2003:219,
Stafford, 1997, Kemp, 2006). Against this background, Lefebvre's example of art as
a playful form of engagement contrasts with the demands high art imposes on its
audiences. Conversely, it could be argued that, if maximum accessibility was
granted, art would run the danger of reducing a difficult or controversial subject to
'mere play'. Play's perceived light-heartedness causes it to become aligned with
‘stupidity, passivity, and, eventually, moral indifference’ (Bennett, 2001:128). For
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this reason, play and, by association, art practice, are not seen as sufficiently critical
methods or forms of engagement. In addition, play is seen as inherently persuasive.
There are many examples where art has been used strategically to strip topics of
their problematic connotations and to promote emotional attachment. The recent
Wellcome Trust exhibition 'From Atoms to Patterns', for instance, drew attention to
the use of artistic 'playfulness' to improve the negative post-war image of the atom
at the 1951 Festival of Britain. The quirky and aesthetically pleasing outcomes of
these artist-scientist design collaborations, while opening up the topic of nuclear
power to visitors from all walks of life, were found to uncritically engage with the
subject and ‘render[...] that scary process really benign, even friendly' (Schoeser,
2008).

Alternative conceptualisations of play can be found in Hinchliffe's examination of
outdoor management exercises. Hinchliffe concedes that this kind of engagement
may have a representational function – that it is a 'simulation environment'
(Hinchliffe, 2000:586). From his perspective, however, this form of play appears to
be much more 'non-representational' in character (Hinchliffe, 2000:587). Using
examples from cognitive science and management studies, Hinchliffe opens up two
options how play could be conceptualised. As the first one, he suggests the
'cognitivist' approach: people learn about a new environment through interacting
with it and, after doing so, are able to 'retrieve' this knowledge in the future (op.cit).
Hinchliffe’s second suggestion relates to the idea of 'autopoiesis' (self-creation):
interactions become a creative participation in 'bringing forth the world' (Von
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Krogh et al quoted in Hinchliffe, 2000:587). Hinchliffe notes how the latter notion
is the more provocative one, as this kind of creative participation throws up
unexpected, and often unwanted events – things that spill over their respective
framings (Hinchliffe, 2000:588 and 590-1). During his comparative observations of
management training, for instance, he found that many aspects and outcomes of this
exercise '[could] not be incorporated into management speak' (Hinchliffe,
2000:591). Such resistance to framing draws attention not only to the possible, but
also to the sort of discourse that becomes excluded.

Similar conclusions have been drawn by social scientists working on sensation.
Sensation has become part of the critique of the exclusion of language-based
critical enquiry. Sensation is seen as 'somewhere words can't take you' (Thrift,
2002a:90), a means of gaining 'a different kind of intelligence about the world'
(Thrift, 2004:60). In the social sciences, engagement with the sensory appears to be
marked by a conflict between the visual and the 'visceral' senses of touch, smell,
taste and hearing22 (see Ingold, 2000:259, Rodaway, 1994:4, Tolia-Kelly, 2004,
Tuan, 2001:16). The term 'sensory engagement' thus often explicitly excludes
vision (strangely, not hearing), which is seen, with some exceptions, regarded as a
more 'distant' practice (Porteous, 1990:5, Tuan, 2001:14, Ingold, 2000:259). The
'sensory', by contrast, tends to be associated with a more intimate immersion,
emphasising the connection between the 'sensual' and the emotional (see Porteous,

22

Paul Rodaway suggests that there is a common distinction between the ‘distant’ senses of vision
and hearing, and the ‘intimate’ senses of smell and touch (1994:26). Taste was not part of his study,
but it would equally be classed as an ‘intimate’ sense. J. Douglas Porteous, however, suggests that
hearing is an intimate sense (Porteous, 1990:49).
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1990:5). To a considerable degree, his separation between vision and the other
senses appears to stem from a dissatisfaction with the ‘primacy of the eye’ (see
Macnaghten and Urry, 1998:110). Currently, much on the discourse on sensation
not only sees itself as a reaction against the textual, but also against the privileging
of the visual (see Thrift, 2002a: 296). Vision is mainly regarded as a practice which
grasps an object or issue as 'stable and finished', whereas the other senses tend to be
associated with complexity and incompleteness (see Hetherington, 2003:1934).
Vision is also associated with immediacy, in contrast to touch, which is thought of
as requiring more active participation (Ingold, 2000:259).

In geography, sensation has been looked at in terms of its role in the formation of
space (Tuan, 2001:11, Rodaway, 1994). Previously the domain of humanist
geographers, recent work on space and sensation has become a reaction against the
'naturalistic and normative' approaches of humanism (Anderson and Harrison,
2010:10) and against the idealisation of the body and bodily experience (Hinchliffe,
2000:591). Research on blindness and technological interfaces, for instance, has
started to argue against the notion of touch as a 'primal quality', which requires no
specialist knowledge (see Hetherington, 2003, Paterson, 2007). Like seeing,
touching is seen as an activity that can be exercised at different levels of
sophistication (e.g. Hetherington, 2003:1934). Other work on the tactility has
included explorations of affect (Paterson, 2007), embodiment of thought (Thrift,
2008) and the body as a site of social/scientific encounters (Thrift, 2004:57, see
also Davies, 2010a). In many argumentations, the sense of touch serves as an
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example of how bodily boundaries are exceeded by sensory engagement. Touch is
understood as 'decentering' the touching subject, as creating an interface where the
boundaries between the person touching and the object are blurred (see
Hetherington, 2003:1934-5). It has also been argued that sensation could be
interpreted as exceeding its material basis (Hetherington, 2003:1943, 1939).

In this context, geographers have drawn on the work of Deleuze and Guattari who
boldly claim that it is ‘the elements of matter we contemplate through sensations'
(Deleuze and Guattari, 1994: 212). Rather than seeing sensation as a direct access
to ‘matter’, however, they suggest that sensation creates 'zones of indetermination'
in which the encounters between us and the world bring forth spaces where the
boundaries between different kinds of matter – the 'molecular and the cosmic' and
'animal, vegetable, mineral' – and the human become, or are experienced as,
indistinct (Deleuze and Guattari, 1994: 169-170, 173-4, 212). It could be argued
that the same holds true for all other senses: Latour's example of fragrance tester
training (2004c) and Karen Barad's account of the matter intra-actions that are
taking place when 'we' see (2007:155-6) both illustrate how our senses negotiate
these zones of blurring and make 'cuts' to create meaningful boundaries. In the light
of the possibilities that such 'material encounters' generate, for many authors
sensation emerges as an exploratory practice or method which opens opportunities
for new discoveries, experimentation and bodily participation (see also Serres,
2008a; DeLanda et al, 1996).
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The 'blurring' between subject and 'matter' is also seen as a source of resistance.
This inherent resistance is often given as the reason why social scientific
conceptualisations (or related language-based explanatory frameworks) fail to make
sense of ‘material encounters’. A number of authors have engaged with this
limitation by creating what could be described as a multidisciplinary interface,
pulling together social science, philosophy (Deleuze, Guattari, Spinoza,
Wittgenstein etc) and findings from neuroscience (Connolly, 2006:67, Thrift,
2002a, McCormack, 2007). These authors have claimed not to use science as a
model for sensation or methodological approach – or as a better approach to tackle
material interrelations - but as a starting point for 'opening the materiality and
duration of thinking and feeling to processes resistant to the discursive terms of
much critical inquiry' (McCormack, 2007:373). Through examples such as the
'half-second delay' between sensing and consciously registering, they have argued
for sensation to be recognised as a form of thinking or as forming thought (Thrift,
2006, 2002a:90, see also Deleuze and Guattari, 1994:212 and Deleuze, 1983:103).
Such conceptualisations of sensation have potentially interesting consequences for
the capacities of art practice. They further challenge the premise that serious
contemplation and debate can only take place through language-only engagements
(Thrift, 2008:9, see also Barry, 2001:141, Serres in Serres and Latour, 1995:37).

The social sciences' conceptualisations of sensation and play, which are considered
as defining features of art practice, support arguments made by artists for the
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potential usefulness of embedding art practice into policy-engagement. Understood
as a different form of thought, the potential of art lies in its capacity to generate
different kinds of contributions. Given that these contributions are also thought of
as resisting language-based interpretive frameworks, how will such 'alternative
forms of rationality' fare in practice? Hinchliffe's work suggests that the degree of
usefulness of playful, sensory engagements depends on the rigidity of the
frameworks they are embedded in, and on what is being done to support 'abnormal'
occurrences. For Hinchliffe, art installations would count as 'setups that do not
necessarily determine outcomes, but ones that do contribute to the appearance and
disappearance of new objects' (Hinchliffe, 2000:590). If no support is given,
exploration of such 'objects' is less likely to be pursued. On the other hand, if a
more creative form of participation is encouraged, they can 'seed' new kinds of
'events' (Hinchliffe, 2000:591).

The desire to embed art based engagement into contexts such as policy-engagement
raises the question as to whether these 'objects' or 'seeds' can be supported. Marilyn
Strathern suggests that current methods are geared towards easy assimilation and
reproduction of information, rather than a desire for instilling creative problem
solving (Strathern, 2000:318; see also Law, 2003:3; Thrift, 2007:18). Art objects, in
a sense limitless in their potential outcomes and perceived as being ‘governed by
[their] own rules' (Lefebvre, 2002:203), add unwanted complexity to analysis. This
does not mean that they are impossible to integrate. The key may be to understand
that art practice is as much guided by 'its own rules' than it is guided by other
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factors such as what kind of art practice is embedded, what the objectives of the
engagement are, and who facilitates it. Thus, art practice based projects are
dependent on very similar conditions to non-art practice based engagement. So far,
a shortcoming has been to understand and use art practice in a rather limited sense.

This is one mistake, so-called ‘creative methods’ have been accused of. David
Buckingham observes that such methods can easily lead to untenable practices and
analyses if associated with automatic 'freedom', 'equality' and 'empowerment'
(Buckingham, 2009). He argues that the same group dynamics and other such
'traditional restrictions' apply within such alternative methodological frameworks,
but are infrequently considered (Buckingham, 2009:644 and 649). As he contends,
many current uses of 'creative methods' appear to be guided by a 'naïve empiricism'
relying on highly unreflexive ideas of creativity (2009:635). Recent methods
training offered to social scientists, for instance, by the ESRC National Centre for
Research Methods, included media theorist David Gauntlett's take on 'Lego Serious
Play', which could be described as being largely preoccupied with representation,
relying on the construction and interpretation of metaphors (see Gauntlett, 2008).
Rather than giving participants in research projects the opportunity to generate
'noise' and explore possibilities, the Lego-based metaphors were seen as improving
access to people's thoughts, which were freed from 'the jungle of potential and
received opinions, and were expressed in [the participants'] own terms' (Gauntlett,
2007:104; cf Buckingham, 2009:644). While it could be argued that these methods
result in a different kind of output (see Gauntlett, 2007:182), it seems as if, rather
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than supporting themes that are excluded by other frameworks, such applications of
'creative methods' are re-enforcing boundaries.

Another danger is 'naïve theorisation'. This category would include argumentations
for sensory methods which lack reflexivity about the process of drawing parallels
between human and material creativity. Examples are the parallels being drawn
between conceptualisations of art, sensation and play, and methodological ideas
emerging out of theories of an agentive matter advocating the use of sensation and
play to engage with material interrelationships (see Chapter 2). Just as art practice
should never be seen as offering a more direct access to people’s ideas, equally it
should not be seen as offering a more direct interface to material interrelations.
Further, to conceptualise matter as agentive does not entail that matter, from now
on, does all the (creative) work for us. Conceptualising matter as agentive carries
the risk of seeing matter as either supportive of human creativity or as providing a
shortcut to a more creative engagement. Karen Barad, for example, is concerned
that quantum physics-based views of materiality are used by non-scientist scholars
as ‘some exotic Other that will save our weary Western souls’ (Barad, 2007:68). To
a degree, the work of Jane Bennett on ‘enchantment’ could be described as an
attempt at salvation. In her conceptualisation of an ‘enchanted’ matter, it seems as
if the creativity of matter is very much supportive of human agency. While her
approach may be helpful to promote new kinds of ethical behaviour (Bennett,
2001:174), it leaves out that part of materiality which, as science writer Marcus
Chown puts it, ‘at its deepest level… is orchestrated by random chance; that
ultimately things happen for no reason at all’ (Chown, 2009:ix). While being active,
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the activity of matter might not be directional, responsive or ‘creative’ ways that are
in harmony with human agency. Such examples highlight the need to extend the
critical engagement with materiality to 'material' methods.

This seems particularly urgent, as the featuring of art practice in ESRC methods
training hints at a high interest in this area, particularly from the side of funders.
This interest is contrasted by a lack of expertise, particularly mentoring power
capacities, as social scientists are caught up in their own tacit experimentation. The
same applies to the embedding of art practice based methods into public
engagement with techno-scientific issues. One question would also be whether the
kind of input the social sciences could give would be desired by the interested
parties. What can be drawn from social scientific (theoretical) experimentation, so
far, is that art practice draws attention to something that is excluded for its
complexity. While art practice offers a form of engagement that allows people to
explore some of what is excluded, this kind of engagement may or may not lead to
a different understanding, new ideas or innovation. While it may widen spaces for
public enquiry, it may also open up new spaces for public resistance to new
technologies. In the following part I will further expand on the obstacles to the
adoption of art practice-based methods by showing how art practice is perceived
from the side of public engagement practitioners. I will draw particular attention to
perceived methodological differences and how these could be negotiated.
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Art and public engagement: Affect versus effect

Art-practice based methods are not new to public engagement. In fact, participation
handbooks are filled with such a diversity of engagement forms, tools and aids that
they make art practice look oddly conservative in comparison (e.g. Creighton,
2005). In practice, however, justifying such methods, including art practice, is less
easy than many of these handbooks make it appear. Especially when it comes to
controversial, or potentially controversial, subjects, where the levels of public
scrutiny and tension are high, methods supporting creative exploration are difficult
to justify. Not only could they be regarded as persuasive, but also inappropriate in
the face of ‘decisions which may have to be taken amidst significant uncertainties,
for reasons of urgency, prudence or even expediency’ (Limoges, 1993:419). The
greatest difficulty that art-practice based methods appear to be facing is their
definition as 'non-rational' or ‘frivolous’ (Triscott, 2007). An often encountered
perception is that art is outside of reasoned deliberation. Art and artists are set up at
the Other, as intensely emotive beings - ‘articulators of the primal scream’, as artist
Cornelia Parker puts it (Parker, 2007). This 'outside' status is not necessarily
imbued with negative connotations. The emotion-saturated outside is as much seen
as complementary or challenging to 'utilitarian' frameworks as it is derided (see
Triscott, 2007). As scientists explained to Parker during a collaboration:

We can’t be emotional - we are not allowed to. We are not allowed to chain
ourselves to the railings – but you can do that! (cited in Parker, 2007).
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Artists are seen as 'presenters of affects, the inventors and creators of affects'
(Deleuze and Guattari, 1994:175). Likewise, art practice – both ‘high’ and ‘low’ art
- is imbued with such qualities.

Participation handbooks stress the disparity between the desire to further the
embedding of 'affective’ methods and the requirement to demonstrate their
'effectiveness' (Institute for Participatory Management and Planning, 1995, Powell,
2004:31). Participation events, no matter whether they use experimental or triedand-tested methods, are rigorously structured and task-focused towards decisionmaking on a particular issue (Future Search Network, 2003). As discussed earlier in
this chapter, art's celebration of 'artistic accidents' and other indeterminate
transformations runs contrary to the goals of many public engagements which are
under pressure from multiple stakeholders (including publics) to provide clear and
traceable outcomes (see Creighton, 2002:7, Kothari, 2001:147-9; Parker, 2007).
Artistic approaches are felt to obscure or distort rather than bring the desired clarity
to a topic. Their inadequate translations, as one critic phrased it, 'can make the
results muddy' (Roth, 2003:24). Like museum curators, government stakeholders
seem to fear that art-makers, whether these are artists or other project participants,
become 'hung up on aesthetics' or 'artistic value' and forget about the issues that
need to be examined (see Arnold, 2000:89). There is a worry that affective
engagement would affect the seriousness of a debate. Many engagement
practitioners complain that art practice based methods are regarded by institutions,
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and even by participants, as inappropriate for adults (see Atkins, 2004:7, Powell,
2004:69).

The arts' reputation for idiosyncrasy and ambiguity (Du Sautoy, 2007) is further
seen as detrimental to successful communication. The German cultural critic Martin
Roth argues that in the case of new technologies, there is a danger ‘of mediating
incomprehensible science discourse through incomprehensible artistic
interpretation’ which is likely to result in a ‘permanent misunderstanding’ (Roth,
2003, own translation). He fears that artists create unnecessary complexity, which
stands in the way of an understanding of the subject in question (see op.cit.). While
artists may regard their interpretation as something audiences can respond to, other
stakeholders can accuse them of distorting the issue. Logistics are also a problem:
the time that is needed to put art-practice based engagement together, to find a way
of processing of its outcomes and to adjust participants to the new form of
engagement can seem out of proportion compared with the benefits that such
engagements yield (see Limoges, 1993:419). Artists themselves have expressed
concerns about such collaborations. They share the fear that their association with
policy-engagement might strip them, as well as the participants, of their capacity to
question and to pursue avenues that might lie outside the engagement's agenda (see
Wilson, 1996).

The result so far has been that if any hands-on engagement is considered for
nanotechnology policy projects, it is in the form of science demonstrations and
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other ‘one-to-one translations of facts’ (Roth, 2003, see also The Times Higher
Education, 2005). The sentiment that art-science collaborations are regarded as
unnecessary was also felt around nano and Science + Fiction: the curators (and
even one of the funders) of both exhibitions felt it necessary to publish several
articles arguing for the acceptance of art-science work and its potential benefits to
public engagement (Vesna and Gimzewski, 2005:11; Iglhaut and Spring, 2003,
2004; Krull, 2003). The Science + Fiction literature even contained criticism of the
exhibition’s use of art to communicate scientific issues (see Roth, 2003). It could be
argued that, despite such negative perceptions, art practice is already in use as part
of policy-orientated nanotechnology engagement. It was, for instance, used during
Nanodialogues and Governing at the Nanoscale. In GATN, an artist took notes of
the final discussion on a large piece of paper, which was fixed to a wall next to the
participants. This part of the project was also recorded by a film-maker who
produced a short documentary. During the third Nanodialogues project, participants
were encouraged to make collages in order to express their visions of the topic.
None of these examples of art practice, however, take into consideration that
publics could use art practice to creatively engage with the complex materiality of
nanotechnology. Similarly, in other engagements with new technologies, a certain
degree of playfulness appears to have become acceptable and is even desired, but
tends to involve mainly card games as discussion stimulants. Successive
generations of 'playing aids' are being developed, such as the Democs card game
which was used during GM Nation?, which was followed by a number of similar
games that made appearances during debates (see Heller, 2003, Bandelli, 2010).
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With their topic markers and structured forms, these 'games', while apparently
being successful at generating debate (see Duensig, 2010), appear to leave little
room for 'play'. There seems to be a hesitation over becoming too playful, to stray
too far from the boundaries of 'rational debate'. Further, as pointed out in the
previous chapter, they may not offer sufficient stimulus when it comes to topics that
have not gathered a ‘public’ yet (op.cit).

A development that may further the embedding of experimental methods, including
art-practice based methods, is the feeling that current methods are failing to
adequately involve publics in decision-making, and not only with respect to the
introduction of new technologies (e.g. Noveck, 2005). While there is still the sense
that some alternative forms of engagement have a better place in other arenas – the
museum, the gallery, the blogosphere – public engagement activists are
increasingly envisioning them becoming integrated into a new, more inclusive
model of engagement (see op.cit.). Such ideas seem to be reaching more receptive
minds, as governance moves from a focus on risk prevention and control of public
opinion to what social scientists have identified as an 'emergence of an affective
mode of governance' (Kearnes and Wynne, 2007:133). This new 'affective
governance' has attracted the criticism that it could be seen as an attempt to enlist
public in working towards their own acceptance of what the government wants to
promote. Drawing on Engin Isin’s (2004) work on the ‘neurotic citizen’, Kearnes
and Wynne suggest that 'affective governance' tries to generate connections
between publics and technology that stimulate enthusiasm to ensure buy-in
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(2007:137). They further conclude that this mode of governing, based on a certain
idea of rationality, maintains the anxiety about publics and public ambivalence as a
threat to technological and economic development (2007:138). As Kearnes and
Wynne write:

There is a play here between the rational and the more-than-rational, in which
deliberative methodologies offer mechanisms for the production of a rational
consensus in the midst of otherwise intractable anxieties. In this way, public
ambivalence persists as a perceived barrier to innovation that would be addressed
by the rationalising discourse of deliberative public engagement (Kearnes and
Wynne, 2007:139).

At the same time, they find that the current crisis around the lack of methods for
controversy prevention could become a window of opportunity for more
experimentation to take place and for 'imagining new relations between science and
society' (2007:141).

This support of new imaginations of science and society, and of nanotechnology, is
what art-practice seeks to provide. While this may be a bold claim to make on the
part of artists, it could be argued that what art-practice can facilitate is an
engagement with themes and modes that become excluded in current forms of
deliberation, such as the materiality of nanotechnology. This form of engagement
may be more open and indeterminate than the deliberative methods in use, but
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would present an alternative to a reliance on controversy to stimulate a more lively
debate. A project that has attempted to promote experimentation with alternative
methods of engagement, and with alternative conceptualisations of 'science' and
'public', is the aforementioned exhibition 'Making things public' (Latour and
Weibel, 2005, see Chapter 3). The project, curated by Bruno Latour and Peter
Weibel, seeks to mobilise against the view that current forms of political
representation are unchangeable and allow only for certain fixed processes to take
place. For Latour, this perception results in publics becoming frustrated about
participation in politics. He particularly speaks out against what he perceives as the
main obstacle to participation: that publics have to submit to a certain idea of
rationality in order to participate in democratic life:

‘We were told that all of us – upon entering … this public sphere - had to
leave aside in the cloak room our own attachments, passions and
weaknesses. Taking our seat under the transparent crystal of the common
good, through the action of some mysterious machinery, we would then be
collectively endowed with more acute vision and higher virtue’ (Latour,
2005:20).

Latour proceeds to ask what politics and participation in politics would be like if it
was re-imagined as an undertaking of subjects with 'cognitive deficiencies' or
'handicap[s]' (Latour, 2005:21), as a 'body politic' composed of 'actual' bodies –
with differences, feelings, imaginations, opinions – the attributes that are currently
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handled as sites of potential danger to politics (see Latour, 2005:20). Moreover,
Latour and Weibel not only strive to add flesh to what they perceive as a
'disembodied politics', but to draw attention to the fact, that politics is composed of
more than bodies. For them, this connection also needs to be represented in the
methods available for participation in political decision-making.
While the image of an embodied/disembodied politic is problematic for various
reasons (what kind of body? what delineates this body? what kind of danger is there
in visualising current politics as 'empty'? etc), it captures the discomfort with forms
of participation which exclude what are deemed 'problematic bodies'.
Latour proposes that what is needed is 'a store of aids for the invalids’ - presumably
this is a play on the words invalid (unable-bodied) and invalid (not meeting the
right criteria - for which the 'Making things public' exhibition presents a model or
starting point (see Latour, 2005). This 'store' includes new interfaces such as
'artistic and scientific tools, techniques, devices, apparatuses, and methods' (Weibel,
2005:1029).

This thesis presents an attempt at contributing to this 'store of aids', in that it puts
together and tests a prototype for an engagement which seeks to integrate these
'handicaps'. On the other hand, it presents an attempt at arguing against the
perception that certain attributes, such as public imaginations of risk, are classed as
'handicaps' or 'non-rational' participations in the first place. It is an effort to
contribute to an imagination of methods as something other than processes for
counteracting an 'irrational' imagination of nanotechnology – perceived as a
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Beckian ‘invisible risk’. As argued in previous chapter, the real handicap to public
participation in decision-making around nanotechnology appears to be that publics
are excluded from participating in certain kinds of debates, because they are
considered to lie not only outside of the space of public expertise, but also outside
of what publics would like to participate in (‘publics don’t like science’).
Discussing material interrelationships (classed as ‘science’), for instance, is
regarded as anti-democratic – firstly, because of the deficit model related power
imbalances between science and public, and secondly, because matter also falls
outside the conceptualisation of democracy (see Latour, 2004a, Chapter 8).
At the moment, it is seen as a major achievement that policy-engagement has
finally acknowledged that science is influenced by social processes. And
engagement activists are working hard to place these processes under public
scrutiny. What continues to be missing is the recognition that publics need to be,
and might like to be, involved in the exploration of the material interrelationships
nanotechnology draws attention to. The situation of nanotechnology engagement
particularly mirrors this vacuum, as the absence of immediate danger leaves publics
with little to engage with apart from the systems of politics and science they are
growing increasingly frustrated with. As Adam and Groves argue, to engage
publics more meaningfully with new technologies, methods are needed that give
access to 'a future embedded in natural and social processes' (Adam and Groves,
2007:76, my emphasis). The methods so far used for discussing nanotechnology
leave publics with a de-materialised future to participate in, in the sense that they
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have no influence on the trajectories future research is taking, unless there are
already results they can comment on.

Art-based engagements with nanotechnology have made the point that the
materiality of a supposedly 'invisible' technology is a vital aspect to engage with, as
it offers an opportunity to gain a sense of one's personal connection to the issue and
to form an imagination of these 'invisible' material interrelationships – and their
interrelationships with the 'social'. As both 'nano-artists' and 'matter-theorists' have
pointed out: the 'material' and the 'social' are inseparable. Both parties have also
pointed toward the problems of embedding this way of thinking into political
discourse. As Adam and Groves write:

Where the future is approached as if it were space or matter, surprises ensue and
paradoxes arise that are difficult to handle with the conventional knowledge
practices that dominate the institutional spheres of contemporary industrial
societies (Adam and Groves, 2007:118-9).

On the other hand, to have meaningful conversations about 'invisible risks' and to
break the cycle of frustration that currently constrains engagement facilitators,
evaluators and participants, it may become necessary to move out of the
increasingly untenable spatial separation between the 'scientific' and the 'social'.
Nanotechnology engagement tends to be portrayed as taking place at a stage where
publics still have – or supposedly have - an opportunity to affect the course of
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nanotechnology. But are publics truly given the opportunity to imagine
alternatives? To offer publics meaningful ways of engaging with the issues that are
being generated through nanotechnology, public engagement needs to enable
publics to access spaces they are currently barred from in order to imagine potential
new trajectories.

Using art-practice to provide such a platform for thinking and working across
science-public barriers may present a valuable beginning. In the nanotechnologyrelated art exhibitions, the playful encounters with 'matter' encouraged a form of
engagement situated equally between pleasure, curiosity and critique. Still, it
remains important to be realistic about what art practice and sensory methods can
do. The danger is that art is pulled out as a miracle solution based on romantic ideas
about sensory and aesthetic experience, or as an instant demonstration of
progressiveness, that does not require any further changes to institutional handling
of the introduction of new technologies. The embedding of art practice or other
non-textual methods also poses questions about how such engagements should be
evaluated, and how the blurring between scientific and public spaces can be
gauged. Such issues do not attract easy answers. What this project proposes is to
take such problems seriously, but at the same time not to let them stand in the way
of experimentation. Some answers may surface as part of the experimental process.
It is equally likely that new questions and problems are brought to attention, which
could be interpreted as on-going creative challenges in a process of rethinking
engagement.
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Conclusion

In this chapter I have argued for the embedding of art-practice based methods into
public engagement with nanotechnology. I began by introducing art-science
collaborations and their desire to produce work which problematises and shifts the
boundary between art and science. I showed how this desire is accompanied by a
wish to widen critical engagement with science. As opposed to current forms of
deliberation which are trying to prevent public visions of an invasive nanoscale
matter, artists have engaged publics through multi-sensory installations allowing
audiences to 'enter' the space of nanoscale and ‘experiment’ with its phenomena.
This form of engagement with the materiality of nanotechnology was seen as a
means to provoke questions and to allow publics to form their own imagination of
the material interrelationships that underlie nanotechnology. As pointed out in this
(and the previous) chapter, artist, scientists and museum curators are hoping to
connect such art practice based methods to policy-orientated engagement. I
proceeded to explain how such aspirations run parallel with calls in the social
sciences for the exploration of art practice as a method. Whereas discussions of
such explorations have not made the connection with public engagement with
techno-scientific issues, they have highlighted that attributes associated with art
practice, such as play and sensation, draw attention to what gets excluded through
other methods. Social scientific research has further suggested that art practice may
give rise to ideas which exceed existing frameworks (including their own). Thus art
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practice may potentially provide not only access and a more creative engagement,
but also resistance to engagement goals. Social scientific discussions of art have
also highlighted the need for widening experimentation with such methods. In the
final part of this chapter, I pointed out that art-practice based methods are already
part of the methodological repertoire of policy-engagement. However, current uses
of art-practice are rarely considering participants as engaging in art-practice
themselves and are not exploring its potential of mediating between 'scientific' and
'public' spaces.

What could such a nanotechnology engagement look like? A proposal has been to
involve publics in ‘actual’ experimentation, for instance, by inviting them into a
laboratory to operate a scanning tunnelling microscope (see Orfescu, 2007b). There
is a high likelihood, however, that participants may feel intimidated by the
environment and by having to perform under the gaze of scientists (see Duensing,
2010). Unlike the SymbioticA workshops, which allow participants to undertake
small creative projects in tissue engineering, a similar nanotechnology themed
workshop seems unlikely to facilitate a similar kind of playfulness with matter.
This playfulness is important, because it potentially gives participants greater
control over the engagement – over what kinds of ideas they would like to explore,
for instance. What is proposed in this research is to invite publics to
experiment/play with materials that emulate nanoscale phenomena. While
‘substitute’ materials have the clear downside of not being ‘the real thing’, they
would enable participants a greater deal of control over the engagement, and the use
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of materials. In the proposed experimental nanotechnology engagement, Mutable
Matter, which I will discuss in the following chapter, art practice becomes a
catalyst for lines of enquiry which do not normally have a place in policy or science
engagement.
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Chapter 6
Mutable Matter – An experiment in supporting public imaginations
of nanotechnology

On a sunny autumn afternoon, four people are sitting around a table at the Open
University Regional Centre in Leeds. Of these four people, three are, as they
describe it, ‘making a mess’. Red and black ‘slime’ is poured across the table,
polystyrene bits are shaken around in a clear plastic container and added to the
‘goo’, magnets become wrapped in plasticine, random bits retrieved from around
the room are integrated into three peculiar looking models. As well as the
modelling, a lively debate takes place, which, so far, has moved from plate
tectonics onto the subject of nanotechnology and its relationship with ‘the nature of
reality’.

Following on from the intentions of nanotechnology engagements such as
Nanodialogues to 'involve people in imagining the potential of nanotechnology'
(Stilgoe, 2007:50, author's emphasis), Mutable Matter is an experimental project
which aims to create a framework for supporting such imaginations.
Whereas the Nanodialogues report concluded that involving publics 'this far
upstream’ was not feasible (see Stilgoe, 2007:54), Mutable Matter attempts to show
that when it comes to new technologies, imagination and innovation do not need to
remain tied to the 'scientific'. Taking inspiration from recent art-science
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engagements and theorisations of an agentive matter, the project explores playful,
sensory engagement as means of blurring boundaries between 'scientific' and
'public' spaces of nanotechnology engagement.

This chapter is divided into four parts. In the first part, I will outline the project's
method and workshop set-up as well as the method of analysis. In the second part, I
will discuss how the participants responded to the hands-on component of the
project, and how they used the materials to negotiate the 'science'. In the third part,
I will describe how the method enabled participants to discuss the 'social' as well as
the 'scientific' aspects of nanotechnology. In this part, I will also suggest how the
attention to the materiality of the nanoscale contributed to a blurring of these areas.
The fourth part examines how the method involved participants at the level of
imagination. Based on the findings from the workshops, I will argue that art
practice based experimentation with nanotechnology may allow publics to
participate further upstream.

Project Design

Mutable Matter was conceived as a series of workshops which ran between 29
September 2008 – 16 February 2009 at the Open University (main campus and
regional centres) and Southampton Solent University. The participants in the
project were unpaid volunteers, recruited from Open University (OU)
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undergraduate students. This participant group was selected for its diversity in age,
background and region as well as their curiosity about knowledge23. The initial call
for participants advertised Mutable Matter as an 'interactive art project about our
relationship with matter' and not as a 'nanotechnology discussion' to experiment
with a different way of framing the event (see Appendix 3.1.1, 3.1.2). A follow-up
call explained the project more precisely, mentioning an 'engagement with the
atomic and molecular level' and its relevance for 'new technologies such as
nanotechnology, genetic engineering and nuclear power (see Appendix 3.1.3). It
further introduced it as a geography project, stating that geographers have been
involved in debates around new technologies and are exploring connections
between the 'everyday world and the 'nano' world'. Often, participants requested
more information in e-mails to decide whether the project 'was for them' or not.
After e-mail exchanges, some correspondents decided not to participate.

A call for participants was distributed via the OU Alumni Newsletter24, to which
also many current students are subscribers – on account of having taken previous
courses. As a response to this call, twenty e-mails from a mixture of current and
previous OU students were received. A further 12 volunteers were recruited
through snowballing (relatives, friends) and through the Mutable Matter project
blog (more about the blog in the following chapter). Occasionally, the e-mails I
received contained some of the motivations for participation. One person wrote that

23

Taking an Open University course – the OU being a place with supports life-long distance
learning – was taken as evidence for curiosity or concern.
24
After problems with recruiting participants directly at the regional centres and through the OU
student magazine 'Sesame', the Alumni newsletter offered to distribute the call for participants.
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the project ‘does sound rather wacky, and I'm quite intrigued’ (06/09/2008). Others
described themselves as ‘curious’ (02/09, 08/09, 01/09/2008) or ‘excited’ by the
project (01/09/2008). One respondent stated that ‘for me this interest has become a
challenge, as normally I would run a mile, from a science subject, especially when I
see the word atoms and molecular based within science’ (02/10/2008).

Following some withdrawals, these participants were subsequently grouped into
regional workshops in Nottingham, Leeds, London, Walton Hall (Milton Keynes)
and Southampton25 (see Appendix 3.1.5). Due to further last minute drop-outs, 16
participants remained and the Cardiff workshop had to be cancelled. Prior to these
'official' Mutable Matter workshops, there had been three pilots. For the first one,
postgraduate students from different disciplines (Business, Social Sciences,
Education, Languages, Technology) were recruited to develop the four phases of
the project and determine ideal group sizes. Two further pilots took place, one with
self-selected passers-by at the Milton Keynes shopping centre, at a stall that was
part of the Milton Keynes Science Festival 2008. A second pilot was run in the
Guerrilla Science tent at the Secret Garden Party Music Festival 2008. The pilots
showed that the ideal number of participants in one session was 3-4. This groupsize appeared to generate an environment which encouraged participants to talk
amongst each other, without becoming too chaotic. Due to last minute
cancellations, rescheduling or latecomers, some sessions had to be run with 1-2
participants. The total number of workshops was eight. Sessions lasted between one

25

Initially, Cardiff was also amongst the workshops, but had to be cancelled due to participants
dropping out.
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and two hours, depending on the extent to which participants wanted to explore the
topic.

Partly a requirement by the OU's Student Research Project Panel (SRPP, which
monitors research undertaken with OU students), but also to compare the Mutable
Matter data with those of other engagement projects, a questionnaire was given to
the participants (for questionnaire see Appendix 3.2) asking for student
identification number (SRPP requirement), age group, occupation and gender. In
addition, participants were asked to state whether they regarded themselves as
having a science background, and to what degree they considered themselves as
being environmentally active. Not including the pilots, ten women and six men took
part in the workshops, of which four were between 26-35 years of age, two between
36-45, five between 46-55 and another five between 55-65. The participants
worked in a wide range of professions (see Appendix 3.3). Nine participants
considered themselves as having a science background - either through school,
courses, work (e.g. IT, engineering) or personal interest - but did not work as
scientists. Retrospectively, this question could have been phrased better, because
some participants might lacked the confidence to tick ‘yes’ or misunderstood the
question. Most participants (7) described their degree of environmental activism as
average. Again, the phrasing of this question could have been improved (e.g. one
participant did not consider herself environmentally active while supporting various
environmental groups).
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Mutable Matter produced data in the form of audio recorded (and later transcribed)
conversations as well as photographs of participants' models. In addition, three
short video clips were made. In accordance with the OU Ethics Committee and the
ESRC research guidelines (the project was ESRC funded), a data protection and
consent form was handed out. Although it was planned to video and photograph
more of the proceedings, the multi-tasking of facilitating, photographing and videomaking often did not make this feasible. Great care was taken not to interrupt the
discussion flow too much or to intimidate participants who tended to feel
uncomfortable (at least initially) about conversations and modelling being recorded.
As the next section will show, participant concerns about the research being a
psychological study resulted in further deterrents to the use of video and
photography. This is something a better resourced follow-up project might improve
on through the use of recording assistants. Participants also ‘destroyed’ models on
some occasions before photographs could be taken. This was not to prevent them
from being recorded, but occurred as part of play, for instance, when the participant
wanted to re-used the plasticine to make a new model, or when the participant
wanted to transform a model. After all the workshops had finished, feedback e-mail
were sent out to see whether participants had developed further thoughts about the
subject or project in the meantime. Although the feedback turnout was quite low,
the five e-mails that were received made positive comments. A surprise was the
advice received from a participant who appeared to have considerable reservations
about plasticine use, to ‘keep the plasticine’ as part of the method (15/06/2009).
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In Mutable Matter, the nanoscale was explored through playful experimentation
with familiar materials, as opposed to ‘actual’ experimentation in laboratories. As
discussed in Chapter 5, this strategy was chosen to experiment with ways of
blurring spaces and 'democratising' access to the nanoscale. Guiding the workshop
design was the question of how certain nanoscale phenomena could be represented
at our scale without inhibiting the participants' ability to express their own vision of
the interconnections between the nanoscale and 'their' scale. It was important that
participants did not have to conform to scientific models, but rather, as in the
speculative scientist workshop Ideas Factory, ‘go with curiosity rather than
expertise’ (Stilgoe, 2007:47). By using familiar materials associated with play, it
was intended to balance out scientific authority and to give participants greater
control over their degree and style of involvement - it was even possible to refuse
the hands-on component entirely – and to promote imagination: participants did not
have to struggle with unknown, complex machinery and could concentrate on what
to 'make' with the materials. At the same time, the media were also intended to be
slightly unfamiliar: most participants would not have used these materials for years
or even decades, and especially not in this sort of context they were used in. This
'new strangeness' was hoped to impact on the participants in the sense that it might
require them to explore the materials in a different way and to re-discover their
'forces' or other 'hidden features'. To a degree, the choice of materials was also
reliant on budget limitations.
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After the three pilot runs which tested different kinds of materials (including silly
putty, colour-changing putty and magnetic clay) and a range of set-ups and
facilitation strategies, Mutable Matter settled for plasticine, polystyrene balls,
magnets and play 'slime' as materials. These materials served three purposes: to
draw attention to nanoscale phenomena and the scientific vision of the nanoscale, to
stimulate discussion, and to enable participants to creatively engage with the
nanoscale and build their own vision of this space. As in the nano exhibition,
certain nanoscale phenomena were focused on. These were:

‘Stickiness’ brought about by electromagnetism
- represented through magnets (see Jones, 2004a:64)

Viscosity, as ‘the properties of any fluid…become increasingly
dominated by [it] as the size of the object becomes smaller’ (Jones, 2004a:57)
- represented through play slime

Brownian Motion, the ‘jiggling’ motion of particles suspended
in a fluid, an important phenomenon at the nanoscale (Jones, 2004a:60)
– represented by polystyrene balls (shaken about in a transparent
tub or suspended in play slime)

Figure 12: Summary of forces and materials
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The plasticine acted mainly as a catalyst for the participants' ideas, allowing them
to represent objects, forces or concepts across scales (this could also be done with
the other materials, but not as extensively).
Mutable Matter’s ‘dual’ method of ‘hands-on’ experimentation and dialogue
allowed for discussions to take place. Dialogue was not only important to generate
'analysable' and 'transmittable' data, but was seen as a creative enterprise in itself:
participants would need to negotiate one another’s contributions, as well as the
potential obstinacy of the materials. Both modelling and discussions were
stimulated through a variety of materials and tasks, which were presented in a
succession of phases. These four phases traced the path from STM imagery to the
design of nanotechnology.
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Figures 13 – 16: Examples of STM images from Phase 1

The first two stages drew attention to STM images as renderings of measurements
rather than 'actual' images of atoms. In the first stage, a selection of STM images
(see Images X-X) was shown to the participants. The images in this phase, mainly
taken from the website of the Vienna University of Technology, were picked for the
way they embodied a particular aesthetic: they resembled the round, solid atoms of
some of the nanotechnology designs found in scientific articles and industry
magazines. The 'atoms' in these images further appeared to be arranged in
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discernible patterns. It was explained to the participants how these images are
created with scanning tunnelling microscopes (see Chapter 2): how currents are
measured, processed and rendered as visual data. In most cases, participants
enquired how the images were produced before an explanation was offered.

Figures 17-18: Mutable Matter setup for Phase 1
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The images, and the story about how they came into being, were intended to
stimulate the first round of discussions and to introduce the first task of the
workshop: the participants were asked to imagine what they would make from
atoms, if they were really like they appeared in the STM images. The idea behind
the brief to create something themselves from 'atoms' was to put participants into
the position of 'makers' and visionaries rather than consumers. The question was
deliberately phrased in a way it would encourage a playful mood and allow
participants to 'think bold'. It was also intended to transmit the feeling of
limitlessness that scientists and other nanotechnology developers repeatedly express
(see Drexler, 1992:143). Participants could 'make' anything they wanted - from
basic substances to complex technological designs or even whole environments.
For realising their ideas participants were encouraged to use the materials. During
and after the modelling – if participants chose to use the materials – participants
were further encouraged to engage in discussion.

Figures 19 – 20: Examples of STM images from Phase 2
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The second stage followed the same principle, only that a different set of STM
images (see images X - X) was used. The images were sourced predominantly from
IBM's STM/AFM gallery which used the same process to obtain images, but not
the same visual rendering. Atoms and atom formations, in these images, more
closely resembled liquid landscapes with brightly tinted peaks and waves. These
renderings were presented to give participants an impression how differently the
data is and can be represented (in science articles, in the media, on public
engagement websites) and what consequences this may have for people's
imagination of this space. This difference was noticeable in the participants'
reactions to the two sets of images, as I will describe in the next part.

Figure 21: Story sheet for Phase 3
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The third phase was designed to introduce nanoscale phenomena and to point out
potential obstacles to the perceived limitlessness of nanotechnology. At the
beginning of this phase, a short extract from Richard Jones’ book ‘Soft Machines’
was shown or read to the participants (see Appendix 3.4). A humorous vision of
what the 1966 science fiction film ‘Fantastic Voyage’26 would have looked liked if
the forces at the nanoscale had been observed correctly, it imagined the journey the
nano-size submarine after being subjected to the correct nanoscale forces. The
resulting misadventures illustrated the phenomena in an evocative way while not
sounding like a typical 'science explanation'. The story portrayed the nanoscale as a
space where different rules apply, which need to be considered in imaginations
of it.
Again, once the participants had followed the ‘actual’ voyage of the U-91035
Proteus and the nanoscale phenomena had been discussed, they were asked to
'make something', this time considering these conditions in their designs. In this
phase, in particular, the use of materials was encouraged to explore some of the
nanoscale forces.

In this phase, the perspective moved from shapes to forces: what processes and
phenomena prevail at this scale? What does the nanoscale 'feel' like when we –
normally that means scientists - are interacting with it? What does it mean for
nanotechnology when atoms, molecules, bits of matter are thrown around by
26

The film ‘Fantastic Voyage’ revolves around a technology that allows humans to shrink atoms, so
that the targeted matter becomes miniaturised. When the technology’s developer is about to die from
an assassination attempt (because he can potentially shrink soldiers), his body is entered by a
miniaturised team of rescuers in a ‘submarine’ who try to remove the blood clot in his brain that is
endangering his life. (see Fleischer, 1966).
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Brownian motion, when air is experienced as a 'fluid', or when particles are
‘sticking’ to one another? Scientist Richard Jones writes that, when it comes to our
scale, we have an 'intuitive notion of physics' (Jones, 2004a:55), but for the
nanoscale, this intuition is lacking. Mutable Matter tried to 'play' with this notion of
'intuitive physics'. While it is hardly possible to symbolise all nanoscale phenomena
with such simple means as it is done in these workshops, the idea was to allow
participants to gain at least a sense of what scientists are struggling with in their
laboratories. Through the 'experimentation' with materials, it was also hoped that
participants would gain a sense of the creative challenges that nanoscale
phenomena present.

Particularly in this phase, the materials ended up having several functions,
depending on the role the participants assigned to them. As intended, all materials
were used to 'play' and to describe the look, background and function of some ideas
in three dimensions. Further, the materials, as also intended, were used to
experiment with some of the nanoscale forces. 'Stickiness', for example, was
symbolised by magnets (which could be wrapped in plasticine), but sometimes play
slime and plasticine were also used. Often, the materials were used in combination
for both purposes. One participant, for instance, put a magnet into the transparent
bucket that held the polystyrene balls and guided his 'particle' through the
'Brownian Motion' with another magnet on the outside of the bucket. Another
participant experimented with the motion of a particle through viscosity by guiding
a magnet through a pool of slime with another magnet under the table (see
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Appendix 6). It remained important in this phase that participants were not just
subjected to a science demonstration. The emphasis was, again, on imagining how
these forces impact on 'designs'.

Figures 22 - 24: Examples of magazines from Phase 4

In the fourth phase, participants were able to compare their ideas and models with
scientific and industry visions of the nanoscale. They were handed out a selection
of images, articles and copies of nanotechnology industry magazines, which
featured examples of 'real life' applications. This gave participants the opportunity
to explore and question the ‘official proposals’. This phase also focused on
responding to specific participant visions and approaches. Also, in case participants
wanted further 'proof' or wanted to know what kinds of options there were for
further pursuing the topic, a variety of materials was on offer: quotes by scientists,
philosophers and other well-known figures relating to the nanoscale (intended to
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introduce the more 'philosophical' aspects of the interrelationship between scales), a
couple of popular and scientific nanotechnology books, and recent newspaper
articles to show the current state and relevance of the topic as well as possible
economic and societal consequences. As a conclusion to this phase, participants
were invited to pursue their connection to the subject beyond the frame of the
workshop.

Materials used in
addition to
modelling materials

Task

Phase 1

STM images of
‘solid atoms’

‘What could you imagine
making with these kinds of
atoms?’

Phase 2

STM images of
‘liquid atoms’

‘What could you imagine
making with these kinds of
atoms?’

Phase 3

‘Fantastic Voyage’
story

‘What could you imagine
making bearing these
conditions in mind?’

Phase 4

Magazines and
articles

Explore scientist/industry
visions of nanotechnology

Figure 25: Overview of Mutable Matter project phases

The project was evaluated by analysing conversation themes (the sessions were
audio recorded and transcribed) and observing the participants’ interactions with
the materials (notes were taken during and after the workshops to capture
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observations). The questions that were asked of the observations were: Did
participants hesitate? What did they make? Did they try out different things with
the materials first – did they 'play' - or did they proceed straight-away to
implementing their ideas? How did participants explain their ideas, if they did? Did
participants use the materials to assist them in their struggle with the subject? The
conversation outcomes were compared to those of other nanotechnology
engagements, as far as it was possible to get an insight into their data (again,
follow-up experiments that have better access could do a much more in-depth
comparison). Here, the questions were: how far do themes overlap? How did
participants engage with the 'science' of nanotechnology? How did they express
problems that are on the 'science-public boundary'? Another part of the evaluation
consisted of looking at how participants responded to the 'material engagement'.
These responses were captured in notes, photographs and a few short video clips.
The latter were primarily intended as a supplementary record of the event, rather
than intended for a close gesture analysis. Due to the difficulties of recording video
during the workshops (participant anxieties, having to facilitate the workshops by
myself), only a small number of few-second-long examples of material-use were
filmed (see Appendix 6).

During the workshops, it became clear that certain aspects of the method were
difficult to capture, such as the effects the materials themselves are having on the
generation of ideas and dialogue. While such relationships can be acknowledged or
sometimes even be expressed by participants, they may not always be traceable.
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However, it may not be necessary to trace them. Where attention to participantmaterial relations is important is certainly the representation of forces. Mutable
Matter is not about faithful representations of the nanoscale, and a question that
was part of the project from the beginning was what kinds of problems might arise
because of the fact that the 'substitute' materials do not reflect the 'actual' nanoscale
and may lead to a particular vision (the facilitator's vision) of the nanoscale being
conjured. The project design addressed this issue in that it uses the proxy materials,
as well as other materials such as STM images and articles, to engage participants
with particular visions of the nanoscale and nanotechnology. This may lead to
participants accepting or rejecting these visions – or creating an alternative. Either
way, it would generate discussion. Furthermore, the relationship between the
medium of accessing the nanoscale and the generation of ideas was intended to
draw attention to potential commonalities between scientists and publics in
engaging with the nanoscale. In their laboratories, scientists, too, work with
representations of a space they cannot enter, whether these are STM images or
equations. While there may be considerable differences in sophistication of this
'experimenting with representations', the possibilities of co-experimentation this
relation opens may eventually help publics to assert a position in which they are not
only able to evaluate risks to but imagine their own – different – ‘nanotechnological
futures’.
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The following parts will discuss how participants responded to the method, and
how the outcomes of Mutable Matter related to those of other nanotechnology
engagements.

Making nanotechnology tangible

One of the main aims of Mutable Matter was to make the materiality of the
nanoscale more accessible by blurring the spaces of ‘science’ and ‘public’. This
was undertaken through playful hands-on engagement guided by the tasks set in the
first three phases. With a method situated between art-science, science and policy
engagement, the greatest unknown was how participants would react. Prior to each
workshop, there was the concern that participants would reject the hands-on part of
the method because of its associations with child's play, art practice or science
engagement. There was also a possibility that participants would not take the
project seriously enough. While perceiving public engagement as entertainment
does not necessarily have a negative impact on the process – organisations such as
the Dana Centre see this possibility as a way forward, relying on public engagement
solely as a provider of entertainment can be counterproductive. The pilots had
shown that such responses could be negotiated through facilitation. A successful
way of redirecting attention was to ask questions about the participant’s model in
relation to the topic and the participant’s connection to the topic. While it was
regarded as desirable that participants made use of the materials, it was not
obligatory to do so - part of the project was to test how participants responded to
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the method. Rather, the activities were set up to make sure that nothing prevented
participants from using the materials if they were interested in using them. It was
further made sure that no issues were raised that could not be resolved through
discussion where participants chose not to use the materials

Participants’ responses to the method were largely positive. During the pilot as well
as the main project, nearly all participants engaged in the modelling. In the main
project run, three out of sixteen participants refused, or initially refused, the
modelling. Those participants did not appear to reject it because of its childish
nature, but for other reasons. Two participants explained that they had a strong
interest in science and technology and had already made their mind up about related
issues as a whole. They regarded nanotechnology as merely an overrated part of
this system and could not imagine that it would have any major impact. One of
these participants also stated that he did not want to try out the modelling, because
he did not believe in the benefits of 'alternative' public engagements:

People don’t actually learn anything from these museum or art things –
it’s either too complicated, like the Royal Society’s Christmas lectures ...
or the next thing makes people forget about the previous one (Participant,
Southampton, Phase 1).

A third participant felt that symbolically experimenting with matter signals
complicity with an increasingly 'dark' and delusional science (Participant, Walton
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Hall 2, Phases 1, 3 & 4). She remarked that scientists learn about life through
violent means such as dissecting and engage in too much research that does not
benefit those who need it (local and global poor, National Health Service patients).
The participant further felt that public engagement was being used to engineer 'buy
in' to what she deemed a dangerous, profit-driven technology further unsettling the
relationship between humans and nature (op.cit). The possibility of public
engagement becoming an attempt at mass manipulation was also brought up during
the first round of pilots (OU Business School). The same (Walton Hall 2)
participant also complained about the ‘sticky texture’ of the plasticine (Phase 1),
although she later distractedly started playing with it while talking. As expected, the
opposite reaction also occurred - participants using method as a form of
entertainment. This was more of a problem during the pilot workshops. The main
workshops required little intervention. On the whole, however, the balance between
play and debate tended not to be a problem.

The majority of participants (including those in the pilots), needed some time to get
used to the method, especially at the beginning. The pilot workshops had already
indicated that the classification of the workshops as 'research' contributed to a fear
of using the materials. A recurring concern before starting the first task –
sometimes expressed in a humorous fashion – was that the resulting models were
going to be interpreted in a 'Rorschach test'27 like manner (Pilot, Open University
Business School, Walton Hall 1 & 2). As one participant remarked: ‘you look as if

27

Rorschach or ‘inkblot’ tests are used by some psychologists to make statements about a patient’s
personality or emotional functioning .
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you are researching for medical reasons’ (participant, Walton Hall 2). It was
immediately made clear that no psychological research going to be undertaken,
which appeared to reassure participants. Hesitation also seemed to follow the
participants' reaction to the first set of atomic scale surface images. Even
participants who considered their scientific background to be more substantial
tended to be astonished by the ability to image atoms, and even more so by the
‘incredible’ patterns they appear to arrange themselves in on surfaces (Participant,
Walton Hall 1). At least initially, this negotiation of new information required time.
The ‘liquid’ formations shown in Phase 2 triggered further hesitation:

Participant: These [images] are completely different… much more organic.
Facilitator: … could you imagine making something from these?
Participant: Erm… not really! …it’s… no…I’m afraid not! Not from these.
Because they’re quite abstract looking. [The others] have got a definite pattern. …
So this… you could take these patterns and copy them and arrange them
differently. Because they all look like discrete particles arranged in a certain way,
whereas this looks… like you can move them into different shapes. I can’t see
what you would do with them particularly, but it looks like you could order them
differently (Participant, Nottingham 2, Phase 2).

In half the workshops (Leeds 1, Walton Hall 1, Walton Hall 2, Nottingham 2), the
more ‘abstract’ appearance of the second set of images resulted in similar kinds of
comments, or jokes, for instance, about ‘atomic stonehenges’ (Leeds 1).
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More so than the STM images, the associations the materials prompted resulted in
hesitation. Most participants had not used any of the materials since childhood,
however only two participants (Leeds 2, Walton Hall 2) associated them primarily
with children's creativity. This did not necessarily have negative connotations:
children were portrayed as less inhibited and 'much more inventive’ (Participant
Nottingham 2, Phase 1). Adulthood, in comparison, was portrayed as a phase where
this kind of creativity has to be left behind or is focused on doing something with or
for children (Participant, Walton Hall 2, Phase 1). Hands-on engagement was
further associated with art practice and science engagement. Participants who
connected the creative use of materials with art practice (10 participants) tended to
portray art as a space requiring a particular kind of creative thinking. This either
resulted in hesitation or enthusiasm. Hesitant participants apologised for not being
'very artistic' (Participant, Walton Hall 2, Phase 1), lacking imagination
(Participants, Leeds 2, Nottingham 2, Phase 1) or ‘not being good at lateral
thinking’ (Participant, Nottingham 2, Phase 1), even when interesting modelling
and conversation took place. The idea of a 'creativity threshold' turned out to be less
of a difficult barrier to break down than assumed, as participants tended to be
curious enough to try the modelling and eventually seemed to gain creative
confidence. To a degree, participants who associated hands-on methods with
science engagement (four participants in Leeds 1 and Nottingham 1) reacted in a
similar manner, apologising for a lack of scientific knowledge. These insecurities
were countered by the use of a 'rigorously unscientific' question at the beginning of
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each phase which was intended to take away fears about 'getting the science wrong'.
This strategy showed some success. Confidence with 'normal' scientific methods
also led to hesitation: one participant apologised, because she was used to working
with science in a different way (calculations on paper, reading about it, using
scientific equipment). In one case, the ‘scientific’ feel of the materials appeared to
make the engagement process more accessible as it was associated with science
centres and other playful forms of science engagement (Nottingham 1). Such
reactions were only the beginning of a process of negotiation.

In general, participants had very different styles of working with the materials. Four
participants decided to work on one model, adding to it from phase to phase (Leeds
1 and 2, Nottingham 2, Walton Hall 1), five participants made a new model during
each phase (Camden, Walton Hall 1). Two participants pursued a mixture of both
modelling strategies (Walton Hall 2, Leeds 1) or made models only during certain
phases (two participants, Nottingham 1 & 2). As intended, the materials were used
to explore what normally becomes classed as the ‘scientific side’ of
nanotechnology. A lot of the experimentation with science was also verbal.
Participants were generally careful how they used scientific terminology and, on
occasion, checked the correctness of a term or idea with the facilitator or with the
group. The opposite case, where participants were unafraid to use technical terms
occurred, too: participants who felt that they had little science background used
terms such as ‘atoms’, ‘molecules’ and ‘forces’. Often these terms were used
correctly, sometimes, they were used incorrectly, such as ‘the molecular structure
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of the atom’ (Participant, Walton Hall 1, Phase 2). In this particular case, the
'wrong' word seemed to allow the participant to express something for which she
lacked the correct terminology. Sometimes, alternative descriptions were found, for
instance, borrowed from poetry. An example is the reference to ‘dimensions
erupting like strange vegetables’ (Leeds Workshop 1, Phase 4). Scientific
terminology was also used to make explanations sound more 'scientific'. This was
mainly the case when science was parodied. Science, and especially science's link
to commerce, became the object of humour in three of the workshops and one of
the pilots. The following parody suggested how companies might be very selective
in their presentation of results:

Participant: It’s organic. It does it by itself - certainly, it’s all so ordered here...
(participant points to an area of his model) ...but meanwhile something very
sinister is going on over [t]here... (points to another area). Like a mutation...
HCN1 (Pilot, Open University Business School Students).

Interestingly, HCN1 was meant to be made-up scientific 'lingo', but such a
'scientific entity' actually exists (HCN1 is a gene). Parodies such as these suggest a
degree of confidence. In most cases, a dynamic between fear of ‘getting the science
wrong’ and 'just going for it' seemed to prevail.

In the course of a session, the materials became very much part of a process of
negotiating and navigating science. In the first instance, the material acted as an
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explanation aid, such as a metaphor. Participants coerced the materials into
representing the image they had of the nanoscale or nanotechnology.

Figure 26: ‘Communicating particles’, Leeds Workshop 1, Phase 2

Facilitator: So these are two things that communicate?
Participant: Yes! I’m not sure whether mine are kind of specific enough…
I went to put them into some slime, because… I was sort of thinking about how…
all these things are building blocks and how they are primordial in many ways.
And how I would represent something that is quite primordial (Participant, Leeds
Workshop1, Phase 1).

The models were further used to ask other participants or the facilitator questions:
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Figure 27: ‘Nano switch’, Leeds Workshop 1, Phase 1

I think this is my switch - although I don’t know how you’ll be able to flip the
states… (Participant, Leeds 1, Phase 1).

From such questions, new questions or suggestions were able to emerge.
Sometimes, a query could not be solved. In five workshops, such queries reflected
problems nano-scientists were currently also looking at, such as how to make
quantum computers, how to get matter to remain stable, how to prevent
nanoconstructs from mutating, and how to take carbon out of the atmosphere
(Camden, Leeds 1 & 2, Nottingham 1, Walton Hall 1). When a question could not
be answered in the workshops, it was noted down in order to later e-mail the
participant an article discussing the topic (e.g. from New Scientist, BBC Science
and Technology News, Nature). In two cases, participants e-mailed back after a
workshop to illustrate a point they had made, in one case with a Laurie Anderson
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video and a government sponsored call for toxicity tests on nanotechnology
(Nottingham 1), and in the other case, giving further explanation for a particular
‘invention’ (Walton Hall 2).

In a similar fashion, the modelling assisted in clarifying 'scientific processes' the
participant wanted to describe, whether this was the interconnectedness of matter,
nanoscale forces or how a particular imagined ‘technology’ worked. In a few cases,
the modelling materials proved to be 'obstinate'...

Participant 1: There’s a cancerous cell in there and the … that should be
attracted to there, but it’s not a strong enough magnet.
Participant 2: So you put one of these little [magnetic] balls inside, did
you?
Participant 1: Yes, in a different…
Facilitator: ...let me try… (pushes the magnet a little closer to the surface
inside the plasticine so that the participant's design 'works')
Participant 1: Ah! (....) So that’s to find things you can’t see… you see
what I mean… (Participants, Walton Hall 2).

This ability of materials to 'resist' their intended use proved to be both problematic
and valuable in the project - problematic, because the materials exerted an influence
on the conversation, and valuable for the same reason: they acted as an aid as well
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as an obstacle – or at least a temporary one. As I will show in the final part, the
materials also appeared to serve as inspiration for conversations and 'inventions'.

In general, participants' relationships with science came across as more nuanced
than in the official reports. Most participants (13) appeared fascinated by science
and technology and used ideas they recalled from articles, books or programmes in
their designs or during discussions. Participants drew on a variety of sources, such
as school or higher education (GSCE physics, chemistry classes, Open University
courses), science fiction28, newspapers, popular science literature (Fritjof Capra's
'The Tao of Physics'), poetry (Yeats), television/radio (e.g. The Material World,
Star Trek, Doomwatch, The Christmas Lectures) and scientist friends. In contrast to
GATN and Nanodialogues, which found that participants assigned nanotechnology,
or science as a whole, to the realm of the esoteric or abstract, most participants of
Mutable Matter appeared to enjoy retrieving scientific knowledge and applying it to
understanding nanotechnology (e.g. Walton Hall 1, Nottingham 1, Leeds 1 & 2,
Camden). The only time, such references to sources were acknowledged was in the
GM nation? report, in which the evaluators commented:

We were struck in all parts of the debate by the range of source material which
people referred to. They do not depend on the media or government but take
28

Science fiction books and authors mentioned included: ‘Oryx and Crake’ by Margaret Atwood,
‘Nano comes to Clifford Falls’ by Nancy Kress, ‘Flatland: A romance of many dimensions’ by
Edwin A. Abbott, ‘The Onion Girl’ by Charles de Lint, ‘20,000 leagues under the sea’ by Jules
Verne, ‘Brave New World’ by Aldous Huxley, ‘The Mars Chronicles’ by Kim Stanley Robinson,
‘Confessions of a crap artist’ and ‘Do androids dream of electric sheep?’ by Philip K. Dick, ‘The
New Diamond Age’ by Neal Stephenson, ‘Queen City Jazz’ by Kathleen Ann Goonan, Arthur C.
Clarke, Isaac Asimov, Brian Aldiss, Stanislav Lem, Ray Bradbury.
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information from the industry, academics and politicians, from non-governmental
and campaign organisations, from friends and relations and from first-hand
observation of the world (Heller, 2003:18).

Some Mutable Matter participants found, too, that nanotechnology was 'abstract',
for instance, by comparing it to a computer game (Walton Hall 2, see next section),
but this perception did not emerge as a major theme. Rather, participants voiced
surprise at the prospect of scientists 'doing nanotechnology' (Walton Hall 2).
Interestingly, the person who found nanotechnology the most abstract, had the most
substantial scientific background. Also, the fact that participants applied their
existing 'scientific' knowledge does not mean that there were no varied or shifting
levels of confidence. As indicated earlier, many participants presumed a lack of
scientific accuracy in their designs. For example, one participant remarked:

… my science background being next to none… I don’t think I know what that
looks like! (Participant, Leeds 1)

Not only participants who considered themselves as lacking a science background
talked about not knowing 'a great deal' about nanoscale science. Participants with
some scientific background admitted, too, that they knew little – or little detail about other areas of science (Nottingham 1 & 2, Camden). It was made clear from
the beginning that 'scientific accuracy' would not be evaluated. This seemed to
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improve confidence with hands-on experimentation as well as experimentation with
existing knowledge to make sense of the new information.

Towards the end of the workshop, participants often showed themselves reflexive
about the use of materials (I received further feedback through e-mails). One
participant, for instance, commented on the suitability of materials for portraying
the nanoscale:

The notion of being immersed in something viscous is probably quite a
good one. … and also something that is not only viscous, but also
vibrating quite violently as [Richard Jones'] story touches on. (…) It’s not
so much doing [nanotechnology] in jelly, it’s doing it in vibrating jelly!
(Participant, Nottingham 1, Phase 3)

In this case, the reflection was also continued in a feedback e-mail:

I suppose part of the problem is that it's hard to experience many inter
and intra molecular forces directly. As such, magnets and velcro at least suggest
that the forces have different characteristics and ranges (Participant,
Nottingham 1).

Another participant drew parallels with the Open University geology course she
was doing and explained how materials at large scales were also often surprising.
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She stated that the ‘strange’ properties of materials at the nanoscale reminded her of
phenomenon of continental drift, which, for her, also found analogies in substitute
materials:

Things… don’t move… like they do at our scale…and … how solid rock actually
flows under the pressure of the weight of the rock on top of it and gets squeezed
like toothpaste. Like the cornflour thing29! If you look at it in one way it is solid –
and it isn’t as rigid as you think it is (Participant, Leeds 1, Phase 4).

Even the use of art practice was reflected on. The Camden group, for instance,
suggested that art-practice based methods may be better for generating questions
around new technologies than ordinary science or public engagements. This was
considered equally the case when artistic work was presented by artists – examples
named were an artist designing and exhibiting butterfly wings and an artist growing
bacterial cultures on compact disks – or undertaken by publics themselves. The
participants discussed a few possibilities through which the latter type of
engagement could be facilitated. Amongst the examples were smell and taste-based
interactions as a way of bridging 'scientific' and 'everyday' spaces, using 'scientific
media' such as photography or virtual reality, and experimenting with everyday
'scientific icons' such as neon (the latter suggestion lead to a discussion about the
impact of kitsch on public engagement with science). Ideas for engaging future

29

Mixing two parts cornflour and one part water gives a paste called ‘oobleck’ which is
classed as a 'non-Newtonian' fluid: the oobleck is soft and sticky when handled gently, but becomes
hard when hit or jumped on (a non-Newtonian fluid is characterised by a non-linear relationship
between viscosity and strain).
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participants also surfaced in other workshops. In Nottingham 1, the use of 'oobleck'
and ferrofluids30 was proposed, and in the OU Business School pilot participants
recommended Fimo31 to preserve the models - for displaying them in exhibitions in
galleries or in the home, or for passing on the models and their connected 'stories' to
other people.
The same pilot participants also pointed out a potential danger of using materials
with specific connotations in public engagement. They felt that the playfulness and
nostalgia-inducing aesthetics of plasticine could be perceived as a method to seduce
publics into accepting nanotechnology by rendering it 'warm and friendly'. As
indicated in Chapter 5, this is already an issue for 'nano art', which is, by some,
regarded as a vehicle to promote positive receptions of nanotechnology.

To summarise this part, the hands-on method used in the Mutable Matter project
was accepted and used by the majority of the participants. Various reasons led to
initial or more persistent hesitations, most of which could be negotiated during the
workshops. Where they could not be negotiated, discussion could still take place.
The method appeared to support participants in negotiating the 'scientific' aspects of
nanotechnology, potentially making the subject more accessible. While this process
cannot be seen as blurring the spaces of 'science' and 'public' it could be seen as a
first step towards it. In the following part I will show how the 'blurring' was

30

Oobleck: see footnote above. Ferrofluids are fluids which react to magnetic fields or become
magnetised in the presence of a magnetic field. The reasons these fluids react this way is that they
contain nanoscale magnetic particles.
31
Fimo is a plasticine like modelling clay that can be hardened in a domestic oven. It is a
widely used and inexpensive craft material. It is sold in a variety of colours and properties such as
night-glowing.
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continued through the project's discussion of 'social issues' while engaging with the
'material' aspects of nanotechnology.

Blurring boundaries

Mutable Matter not only supported participants in engaging with the 'science' of
nanotechnology but also with the 'social' aspects surrounding it. In contrast to the
official engagements (e.g. Kearnes et al, 2006:44), Mutable Matter did not have
specific stimulus materials for the 'social' side of nanotechnology32 until the fourth
phase, where the magazines and articles were introduced. Instead, the concept was
that 'social' concerns would grow out of the engagement with the 'scientific' or
'material' aspects of nanotechnology. The conversations and models from the
workshops (and the pilots) give sufficient evidence that this strategy was
successful: participants addressed similar themes as participants in the 'official'
projects. Furthermore, the engagement with the 'social' side of nanotechnology
while 'playing' with the materiality of the nanoscale seemed to contribute to further
blurring of 'social' and 'scientific' issues.
References to ‘social’ issues were made from the beginning. An example is the
concern about companies controlling ‘new matter’ for ‘having certain properties
and not letting other people use it’ (Participant, Camden, Phase 3).

32

Stimulus materials in GATN, for instance, introduced participants to three dominant framings of
nanotechnology - as scientific breakthrough, as radical departure (futurist) and as potential disaster
(see Macnaghten, 2010:26).
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Other examples of themes were perfection (Walton Hall 2), the hyping of
nanotechnology (Southampton), nanotechnology as 'unnatural' (Walton Hall 2),
longterm/short term impact (Leeds 2), 'far out' possibilities of nanotechnology
(Leeds 2, Camden, Walton Hall 1), concerns about military use (Walton Hall 1),
links with science fiction (Leeds 1&2, Camden, Walton Hall), economic drivers
(Camden), curiosity about potential applications (Leeds 2, Nottingham 2, Camden),
risk and precaution (all) and unequal access to technological solutions (Walton Hall
2). These themes reflected discussions that took place during the official projects
(e.g. Kearnes et al, 2006:50&52). There are differences, however, in the ways these
themes were sometimes expressed. Criticism of nanotechnology could be expressed
in a serious tone, as in the above example, but also in a more playful manner, as in
this conversation, which followed a joke about a participant's model looking like
'seaside sweets':

Figure 28: ‘Superstring confectionery’ in the making, Camden Workshop, Phase 3
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Participant: Actually, I was making confectionery now! ... I’m moving into
Superstrings at the moment. (…)
Facilitator: Superstring confectionery…
Participant: Yes. And you buy into it!
(Camden Workshop, Phase 3)

Often, parodies were the basis for more in-depth discussions of nanotechnologyrelated concerns, in this case, on patenting and laying other sorts of claims to the
nanoscale. Similar examples were the conversations around the modelling of a
'designer atom' called 'Labyrinthium', which changes properties according to the
position of the electrons inside it (Camden Workshop, Phase 1), and around a
moustached 'Mexican' particle (Camden Workshop, Phase 3). Following the
making of the 'Mexican' particle, participants pointed to historical examples which
could be interpreted as territorialising the nanoscale through element naming.
Francium and Americium were given as examples. It was also interesting that this
particle was not originally intended to be a ‘particle’ by its maker, but became
re-interpreted in this fashion by the other participants.

Not only did Mutable Matter and the official engagement have common themes,
but also common levels of ambivalence (see Kearnes and Wynne, 2007). Most
participants were undecided about the impact of nanotechnology. Only two
participants felt that nanotechnology 'won’t do anything big – it will only make
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minute changes to existing things' (Participant, Southampton, Phase 4) and only one
participant was completely against it and most other new technologies (despite her
ownership of a number of high-tech devices such a mobile phone), because 'science
where it has been very good seems to have gotten slightly out of control with
people wanting more money' (Walton Hall 2, Phase 3). Incidentally, the most
extreme views - ‘no concerns about nano’ (Participants, Southampton), ‘science is
quite frightening’ (Participant, Walton Hall 2, Phase 3) - were expressed in the two
sessions where the modelling was rejected.

Many of the participants tended to have fairly cynical views about the future
handling of the nanotechnology debate, as precaution was regarded as subservient
to economic imperatives. In one workshop, ideas of 'risk' and 'toxicity' were also
considered politically dependent. Using the example of DDT, a participant argued:

You sort of believe what the government says: in the UK it's banned and they tell
you it’s dangerous, and in Africa they think it’s the best thing, because it kills
mosquitoes (Participant, Southampton, Phase 3).

As in the official projects, ambivalence appeared to be based on experiences with
humankind’s lack of control over their interventions in the world. Mutable Matter
participants cited examples where human attempts at regulate their environment
had resulted in unintended consequences, such as fossil fuel use (Nottingham 2),
irrigation (Walton Hall 1), building in unsuitable areas (Walton Hall 1 & 2), waste
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disposal (Leeds 2) and the problems with genetic engineering (Leeds 1). This
reflected the comments of GATN participants who referred to human misadventures
with 'superweeds' (Macnaghten, 2010:31). In addition, Mutable Matter participants
pointed to potential future human-made disasters such as geo-engineering, where
the people in charge are not expected to grasp the complexity of material and social
interrelationships (Leeds 1, Walton Hall 2).

What also distinguished the discussions in Mutable Matter from those of the
official engagements was that ‘social’ issues appeared to be more frequently
situated on the boundary between the 'social' and the 'scientific'. This was partly,
because of Mutable Matter’s framing, but also appeared to be because of the
interplay of a more intense engagement with the materiality of nanotechnology and
the issues it raises. One example was the theme of 'perfection'. This theme appeared
in three of the workshops (Walton Hall 1&2, Leeds 1). The Mutable Matter
participants worried that, if nanotechnology can be successfully applied to control
matter, this control might prevent possibilities or freedom. As one participant put it:

I don’t know if everything gets too… perfect. Because it is actually
imperfection that causes progress sometimes…
(Participant, Walton Hall, Phase 3)

The conversation went on to discuss ‘scientific’ arguments for pushing 'rapid
evolution' instead of nanotechnology to achieve certain technological
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developments. Similarly, in the first Leeds Workshop, participants wondered how
the environment would react if perfection was achieved or attempted in one place
and whether, instead, understanding connections in our environment and seeking a
balance between elements would be more desirable. Whether the participants
themselves were aware of this blurring is not clear.

One could argue that these 'social issues' already fall between categories in the
official engagement reports, only that this fact is not acknowledged. As argued in
Chapter 3, projects such as GATN or Nanodialogues make a cut between the
‘social’ and the ‘scientific’. Therefore, the attention becomes solely focused on the
'social and ethical' (Macnaghten, 2010:24). Looking at the participant comments
from the official projects, issues such as 'fiddling with that natural process' ('Renee'
quoted in Macnaghten, 2010:30), in this case, of food or body decay, could equally
be regarded as an issue that transgresses the boundaries of the social. Instead,
comments about discomfort with nanotechnology are interpreted as results of
blurring of 'key distinctions through which social life is ordered' (Macnaghten,
2010:30, my emphasis). Observations of participant engagement with the
‘scientific’ occurred only a few times. For instance, during the Nanodialogues’
citizen jury, some of the juror questions were described as 'echo[ing] those of
current scientific concern' (Stilgoe, 2007:28). Again it seems to be the framing of
nanotechnology as an 'invisible risk', as a technology 'utterly beyond human action,
perception, and causal control' (Macnaghten, 2010:25) that prevents a blurring of
boundaries.
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A further example of blurring between material and social boundaries were the
Mutable Matter themes that seemed absent from official nanotechnology
engagement reports. These themes, which I will detail in the next section, represent
the kind of boundary-blurring that was part of many academic, but also public,
debates on new technologies (e.g. Clark, 1998a,b; Anderson et al, 2007; Davies,
2006; Greenhough and Roe, 2006). Examples are the apparent dissolution of the
organic/inorganic and bodily boundaries. As I will show in the next part, such
themes were potentially present in official engagement reports – participants
mentioned nanoparticles entering cells or ‘doing’ things - but ended up being
represented mainly as fears rather than opportunities for transcending the 'scientific'
and 'social' issue divide (see Kearnes et al, 2005:51,53; Macnaghten, 2010).

The most significant blurring, however, seemed to occur between 'scientific' and
'public' spaces in moments where participants engaged in modelling compared their
'experimentation' with scientific experimentation. It was intended that the
exploration of the nanoscale through playful, hands-on engagement offered an
opportunity for such parallels, although it was not clear whether participants would
make the same connection or reflect on it. What became clear during the workshops
was that, first of all, the modellers seemed aware that nanoscale phenomena are not
exactly like the 'forces' they experienced through magnets, plasticine etc. Still,
participants occasionally wondered whether scientists sometimes have to work with
similar media or analogies due to the remoteness of the techniques they use for
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accessing this scale. Two things in particular were discussed in the workshops. The
first one was that, because of the sensual remoteness of the nanoscale and the many
different variables to consider when designing nanotechnology, some phenomena
could end up being absent from calculations (Nottingham 1, Walton Hall, 1). The
participant who made the latter suggestion referred to his interest in proteins and his
participation in the distributed computing project 'Folding@home'. He explained
how a chemist in the 1980s had done calculations of protein behaviour, but ignored
the water, the solvent they were suspended in. He speculated that the materials used
in Mutable Matter would maybe not only help non-scientists, but also prompt
scientists not to ignore such obvious influences:

(…) I think these days you’ve got much bigger computers and you can do it all
much better, but I think with something like that, yes, I mean ignoring the effects
of the solvent is like ignoring the effects of this stuff [the slime] really. It’s going
to make an absolutely [vital] difference to what can do where and how quickly
and how easily. So… splodging around in this goo [the slime] is probably a good
analogy for that kind of things (Participant, Nottingham 1).

The second reflection was that scientists might also just be ‘playing around’ in their
laboratories. In the following example, working with STM or AFM images was
compared with playing a computer game:
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Participant 1: (...) 'There is something in me that does not quite believe this. You
see, to me, this is all…a bit like a computer game on one level – it’s playing with
things… but… you don’t really know what you are playing with because you
can’t see it and… you’re not really doing anything… apart from this…
Participant 2: …playing around!
Participant 1: …playing around and not actually doing anything but making pretty
pictures, pretty patterns, pretty colours… and just looking at that… they are
[reading something into it] and… you know what I mean?
(Walton Hall 1, Phase 4)

This conversation could be interpreted in alternative ways. It could be understood
as a dangerous analogy provoked by the method: participants making the
suggestion that scientific work is mere 'playing around'. Contrarily, the same
projection could be read as empathy: scientists as well as non-scientists struggle
with the invisibility of the nanoscale. Therefore, they, too, have to draw on assisting
media (the STM) to work with it. A further reading is that participants are critical of
the hype surrounding nanotechnology. After all, nanotechnology could be merely a
fantasy of scientists, expressed in colourful visions, but ultimately something that is
far too difficult to harness. In this case, the conversation continued with the
question of 'taking things to the next level' - whether it was possible to make certain
kinds of nanotechnology at all, and whether scientists could verify what they are
doing on the nanoscale (or if they are doing something at all) by ‘scaling things up’.
Through queries such as these, the participants were not just writing scientific
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research off as fantasy. This was also reflected in participant suggestions of
potential alternative approaches to nanotechnology (I will explain more about
participants' experimental solutions in the following part).

To summarise, participants engaged with ‘social’ as well as ‘scientific’ issues in the
workshops. This is reflected in commonalities between themes of Mutable Matter
and official nanotechnology engagements. In contrast to the official engagements,
however, these issues could not be put neatly into either category. This could be
interpreted as a result of the project’s framing as well as the project’s method. The
method appears to have encouraged further ‘blurring’, between ‘scientific’ and
‘public’ spaces, by alerting participants to the parallels between scientific
experimentation and their own experimentation. In the following part I will discuss
whether Mutable Matter has managed to meet its objective to enable publics to
'imagine' nanotechnology.

Imagining nanotechnology

The most ambitious task Mutable Matter had set itself was to enable publics to
‘imagine nanotechnology’. Unlike the third Nanodialogues project which pursued
the same aim, Mutable Matter tried to achieve this by engaging publics with the
active materiality of the nanoscale. The aim to involve publics in the imagination of
nanotechnology had already been proposed in the course of GATN during which
scientist Richard Jones recommended framing public engagement with
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nanotechnology in terms of 'what are the possible futures?’ and ‘what kind of world
do you want to live in?’ (Kearnes et al, 2006:58,65). This aim of imagining futures
was again taken up in the Nanodialogues project. Describing an initiative called
Ideas Factory which gave scientists the opportunity to think beyond the confines of
their immediate research problems and to imagine broader, more speculative
research trajectories, the report proceeded to ask whether publics could be involved
in similar processes of imagining (see Chapter 3). To date, there still has not been a
comparable opportunity for publics to participate in the shaping or imagining of
nanotechnological trajectories. The intention of Mutable Matter was to explore the
possibility of an Ideas Factory for non-scientists. In the workshops, this was
attempted by setting participants equally bold 'briefs': to make 'something' on the
basis of certain renderings or imaginations of the nanoscale. Through this process,
the aim was to encourage participants to experiment with their own imagination of
the nanoscale and nanoscale-macroscale relationships.

The project outcomes show that most participants became involved in a very IdeasFactory-like process. Participants sometimes even ended up suggesting similar
things that scientists are proposing. This became clear to the respective participants
in the fourth phase, when they were introduced to ‘actual’ nanotechnology designs.
The recognition of similar ideas resulted in moments of pleasant surprise. Starting
points for ideas often came out of humorous conversations or parodies which took
place during the modelling - but also more serious 'innovating' occurred. A few of
the participants went into a fair amount of 'technical detail' about their ideas. One
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participant in the first Leeds workshop, for instance, had heard about quantum
computing 'in the news' and tried to explore in his model – first, how he thought
about how scientists imagined it, and later, how he imagined it for himself:

Participant 1: 'I guess…' (alters something on the model)
Participant 2: 'What can you use it for?'
Participant 1: 'I was thinking … if you can manipulate these so they can go up
and down and you stick …an atom on it… can you get that to fall ... and I
don’t know what this end bit …. But if that kind of gets squished down could
you get back to… then roll along and switch the other one down and then pop
back up again so … you can get a bit of information or matter or ‘stuff’ to
kind of … ride along a wave …'
(Leeds Workshop 1, Phase 4)

Similar kinds of 'technical' explanations happened in all of the other workshops
except for the ones where no modelling or drawing happened. It was interesting to
see that participants making humorous 'innovations' and participants pursuing
'serious' innovations both tried to give reasons why the ‘invention’ they had made
could work.

As in the Ideas Factory, participants were encouraged to move beyond what they
considered 'scientifically correct' or possible to make. These could be technologies
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they expect or would like to see in the future. Six participants ended up exploring
what came to be termed 'off the wall' ideas:

Figure 29: ‘Interconnectivity between species communities’, Walton Hall
Workshop 1, Phase 1

Participant: 'I guess what I’m trying to do is… sort of… interconnectivity between
species communities. Linking them together.'
Facilitator: 'Do you think this kind of technology could have an impact on
conservation…?'
Participant: 'I’m just thinking if you knew how the different plants worked
together…and using… maybe you’d invent a new plant community… because the
National Vegetation Council obviously has… set categories of woodland and
plants all together… but then maybe we could pull that apart and create nutrients
that help the species to spread across the countryside better…'
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Facilitator: 'Hmh…'
Participant: (laughs) 'Off the wall!'
(Walton Hall 1, Phase 1)

'Off the wall' ideas tended to relate to current problems for which radical technical
solutions were imagined. Other examples were space farms, plastic eating
microbes, engineered ivy-like plants that process sunlight for powering houses
(Leeds Workshop 2), engineered rapid evolution (Walton Hall 1) and matter
compilers (Camden). Again, the discussions of these ‘radical innovations’ (as well
as the models themselves) moved between 'scientific' and 'social' realms.
Participants tended to speculate about the environmental and societal implications
of these 'innovations': microbes becoming less selective about what kinds of plastic
they eat, thus creating chaos (Leeds 2), rapid evolution bringing uncertain results
(Walton Hall 1) or matter compilers leading to anarchy because everyone can make
anything they want, thus refusing to perform any boring or necessary tasks and paid
work (Camden). Such examples were partly taken from science fiction (e.g. Nancy
Kress’s ‘Nano comes to Clifford Falls’, 2008), science programmes (Material
World) or current research discussed on the internet or by scientist friends.

On a few occasions, despite the often humorous nature of the presentations,
participants came up with similar ideas and considerations to those of scientists.
Here is an example from the third phase:
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Participant 1: (looking at her 'blob' on the table) 'I think this is the stuff the
submarine has turned into after it was absorbed.'
Participant 2: '… everything becomes very sticky… that must be useful for
something.'
Participant 3: 'Useful for sticking things together...'
(...)
Participant 2: 'Ah, Brownian Motion – if you got something very small getting
bumped around all you need to do is harness that power and you’ve got a free
energy source.'
(…) 'I’m not sure how to build a Brownian Motion turbine!' (…)
Participant 4: 'But you can make one up here and patent it!'
(Laughter)
(Camden Workshop, Phase 3)

These examples happened to reflect a particular scientific line of argumentation
regarding nanotechnology design. As explained in Chapter 1, scientists conduct
nanotechnology research along two lines: a more 'mechanistic' version, based on
macro-scale ideas of mechanics, and a more ‘biologically orientated’ version. The
‘mechanistic’ approach characterises a substantial part of nanotechnology research
and generally regards nanoscale forces as obstacles to the design process. It is also
more prominently represented in the media. The ‘biological’ approach, rather than
seeing nanoscale phenomena as obstacles, attempts to harness and utilise nanoscale
forces in order to create nanotechnology (see Jones, 2004a). The participants in the
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Camden session appeared to experiment with a similar concept of designing
nanotechnology during their 'experimentation', even if they lacked the specialist
understanding of a ‘nanoscientist’. Other examples of 'mirror' ideas were the
proposal to use nanotechnology to encase medicines, the devising of nanoconstructs for targeted health care (Walton Hall 1, Leeds 1), the creation of nanosensors to monitor air quality (Nottingham 2) and the use nano-tubes for 'hiding
things’ (Participant, Camden Workshop).

Participants seemed to like speculating about the degree of realism of their
'innovations'. For instance, on two occasions, participants wondered whether their
designs might 'not be so unrealistic' (Nottingham 1, see also Nottingham 2, Phase
3). On both occasions, this was confirmed in the fourth phase where the participants
found very similar ideas (e.g. environment sensors, cancer detecting 'robots') in
nanotechnology industry magazines. Other participants (number) started drawing
parallels between 'official' designs and their own designs when the nanotechnology
industry magazines were distributed:

Participant: (leafs through an issue of ‘nano’ magazine) 'This is interesting. My
idea at the beginning was to find a way of extracting CO2 and... what this is…
fibres… trapping carbon dioxide… fibres that basically absorb it and you recycle
them back…’ (reads some more) …‘so just having a few fibres would probably be
much easier than trying to build that' (points at her model).
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Me: 'Well, they’ll have to be in something, anyway, so they would have to have a
box!'
Participant: 'Yeah, that’s true, yeah! That’s interesting. I’m just looking…'
(Nottingham Workshop 2, Phase 4)

(Participants are leafing through another issue of ‘nano’ magazine)
Participant 2: 'Oh!'
Participant 1: 'Yeah … Here’s my little switch!'
(Leeds Workshop 1, Phase 4)

Another contribution to participant innovation appeared to be made by 'material
accidents'. These were either 'real accidents', such as slime unintentionally merging
with another substance or falling onto the floor, or 'failed' models which did not
turn out according to participants' intentions. Accidents impacted on the modelling
and discussion by way of participants having to react to them. In one case, the
participant explained what he had originally wanted to create and how a 'successful'
model would look like, three others tried to integrate the mishap into a new design.
In the following example, a participant is not satisfied with his model, but manages
to explain what his intention was:
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Figure 30: ‘Super-molecule’ (top right), Leeds Workshop 2, Phase 1

Participant: I don’t think that worked… I was trying to plait it effectively.
Facilitator: Ah, does it have a relationship with your plant... plant-being?
Participant: Erm… it could do. It could be just the way things …(?) together…
what I was thinking about as well was … this idea that if we go into… if we ever
built production resources in space we can create these super-molecules…
which… because they are continuous molecules… which, without gravity, you
can build.’
(Participant, Leeds Workshop 2, Phase 1)

‘Real accidents' such as slime 'escaping' off a table and merging with carpet fluff
also prompted analogies with possible nanotechnology events such as laboratory
escapes and grey goo. Such comments then fed back to the discussion (Leeds 1,
Camden). In two cases, ‘accidents’ provoked new ‘design features’ on the
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participants’ models and, in other cases, led to entirely new designs and ideas.
Struggling with materials also led to participants helping each other, sometimes
resulting in the 'innovating' moving between an individualised and a collective
effort (Walton Hall 1, Leeds, 1). During the first Walton Hall workshop,
participants, after working on their own, separate designs, started cooperating on a
theme that brought together their separate ‘innovations’. The cooperation began
when two participants started helping a third participant in building something a bit
more difficult. In the end, a joint model of a nanotechnology supported eco-system
was built, which was also influenced by the particular materials the participants
worked with:

Participant 1: '… if you can invent something to do what the rainforest used to do
so you get more oxygen or carbon…'
Everyone: 'Yeah, take the carbon out…'
Participant 2: 'And pump out the oxygen… and do the ground thing… so that the
soil does not get washed away and absorbs the water…'
Participant 3: Ah, that black magnet’s given me another idea… this is gonna spoil
the lot… wait for it, wait for it… horaaay!'
(Walton Hall Workshop 1, Phase 1)

In addition to the focus on nanotechnology innovations, the participants were
encouraged to explore their imaginations of the nanoscale and of the
interrelationship between 'scales' through modelling and discussion. Here, models
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represented phenomena such as inter-atom and inter-particle
communication/interaction (Leeds 1), the boundaries between organic and nonorganic life (Leeds 2) and interconnectedness between the nanoscale and our scale
(Walton Hall 1). 'Interconnectedness' featured particularly strongly as a theme
(number). Discussions of interconnectedness tended to draw on a mixture of
scientific and non-scientific/philosophical sources. A participant from the Leeds
workshop described the influence of Fritjof Capra's book The Tao of Physics on her
imagination of the nanoscale:

I’ve read his book, The Tao of Physics. I’m more inclined to think that things are
like this web… things moving in and out of each other affecting each other; there
is nothing isolated anywhere that stands alone, because everything .. is
basically…. much of nothingness connected with forces (Participant 3, Leeds
Workshop 1, Phase 4).

The conversation that followed returned twice to the theme 'nothing happens in
isolation'. The occasions were discussions of the dangers around technological
fixes, in which participants pointed out the links between actions and unintended or
potential effects, as in the case of antibiotics-bacteria co-evolution and plans to
'seed' oceans with iron to combat acidification. Discussions in other workshops
(Walton Hall 1, Walton Hall 2) echoed such concerns about technological fixes that
ignored or misjudged interconnectedness. Other examples mentioned under this
theme were river control measures (Walton Hall 1), the preference of technological
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fixes over supporting more ecological lifestyles (Nottingham 2) or engineering the
harmful aspects out of intoxicating substances such as alcohol (Camden).

A recurring topic in relation with ‘interconnectedness’ was the limit of human
perception. Participants discussed how our knowledge of life at other scales – and
even at our own scale – may be negatively affected by how we perceive the world.
Such discussions often made reference to newspaper articles, popular science books
and radio programmes.

I was once reading one… book on physics, something which I know about very
very little, and the book was basically saying that we perceive moving through
three dimensions because that’s how we’ve been told to think. And so the kind of
playfulness of imagining that you are actually walking through a flat surface - and
just imagine that there are several more dimensions than you are used to thinking
about … kind of really freaked me out for a while, because that’s not how I think
at all! And just [to] kind of think: Here I am in this little three dimensional world!
So that was quite surreal - and I think that’s a similar thing… that you’ve got to
think with that kind of logic…
(Participant 1, Leeds Workshop 1, Phase 4)

This comment resulted in a longer discussion about how we take the properties of
our scale for granted, and how it might change our view of the world when we take
those properties, as well as the limits of our senses, into consideration. The theme
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also appeared in the first Nottingham Workshop ('dimension[s] you can't normally
see', Phase 4), the second Leeds Workshop ('unknown two dimensional life', Phase
1) and the Camden Workshop ('scientists claiming to have an 'enhanced' experience
of life because of their awareness of things other people do not have access to',
Phase 4). Further conversations revolved around the make-up of matter, for
instance, the temporary nature of some of the elements that form it ('everything is
kind of temporary or subject to change in atoms', Leeds 1) and the boundaries
between the organic and inorganic ('why are we alive as [opposed] to rock',
Participant, Leeds Workshop 2, Phase 4).

At this point it would have been helpful to see whether participants of other
nanotechnology engagements had similar conversations. It is possible that some of
the other themes Mutable Matter participants discussed also featured in GATN or
Nanodialogues, but were not included in the report.33 None of the nanotechnology
engagement reports reveal how much discussion of similar themes occurred. It is
equally possible that public imaginations of nanoscale materiality remained
unacknowledged, because of their humorous nature or their perceived irrelevance to
policy-making. The list of questions noted down by Environment Agency
representatives during the first Nanodialogues project gives some ideas of the kind
of things participants wanted to know or talk about. Amongst these were:

Do you get to touch them? [presumably, some form of nanotechnology is meant]

33

I tried to gain access to the data from GATN and Nanodialogues several times, but after an initial
go-ahead, I was eventually denied access.
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What does your lab look like?
Is there anything smaller?
Can we see it?
Was nanotechnology discovered by accident or were they trying to develop it?
How do we contain nanoparticles?
Will there be unanticipated effects?
Are we passive?
Have any of the elements you’ve been working with been unstable?
Are there any waste materials produced? And are they hazardous?
Can we become clones?
How do scientists work with the materials?
What instruments are involved?
How does the cleaning process work? Is it sticky?
How far can the nanoparticles travel?
Can we prevent soil erosion?

(Irving et al, 2006:44-45, for full list see Appendix 4)

It is also possible that imaginations remained undetected, because of different
interpretative sensibilities (see also Marres, 2007:261). Looking at some of the
conversation excerpts, there is evidence that some imaginations were overlooked or
remained unprobed. In GATN, for instance, participants talked about
nanotechnological constructs 'messing' with cells (GATN participant in Kearnes et
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al, 2006:51), 'making [their] own decisions’ (Participant in GATN workshop, see
Kearnes et al, 2006:53) and turning into the equivalent of 'superweeds'
(Macnaghten, 2010:31). Such imaginations were interpreted in mostly negative
terms, as imagination of a vengeful nature (op.cit) or a fear of the unknown or
invisible (see Kearnes et al, 2006: 51, Macnaghten, 2010:28). According to
Macnaghten, who was part of the GATN team, 'Beck's … Risk Society had become
an everyday reality for our participants' (2010:28). Such visions of nanotechnology
seemed to be supported by casting the nanoscale as 'uncanny' from the start. As
Macnaghten writes: 'the methodology further aimed to explore the ‘uncanniness' of
the nanoworld, and how it differed from the world of everyday experience'
(2010:26). As a consequence, participant quotes, for instance, about 'not knowing
all the detail' about nanotechnology or its 'smallness', turn into signifiers of the
'uncanny' ('Alistair' quoted in Macnaghten, 2010:27).

A contrast between Mutable Matter and the official projects – notably GATN - is
also that in the latter this characterisation is where the engagement stops. This is not
to say that GATN should have taken things further, after all, this was not the
objective of the project (it was 'to seek to characterise emergent public opinion'
(2010:32)). Nevertheless it feels as if, in many official engagements, certain
nanotechnology narratives are taken as given. Macnaghten correctly observes that
such narratives of nanotechnology are persistent, wide-spread and will certainly
affect the fledgling industry. At the same time there is no suggestion of the
possibility of changing narratives, particularly those that locate visions of an
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uncanny materiality solely within the 'public sphere'. While it is pointed out that
publics are not irrationally fearful or 'anti science', but acutely aware of the wider
politics of which science is a part (e.g. Stilgoe, 2007:81), there is no consideration
that the current framings of nanotechnology as 'esoteric' or 'uncanny' that are
liberally being applied and projected onto publics by scientists and social scientists
alike (see Rip, 2006).

By contrast, Mutable Matter experimented with a different kind of framing. This
framing could equally be accused of taking a certain situation for granted: that
publics are not necessarily ‘spooked’ by nanotechnology. Partly, this framing was
applied as a challenge to current engagements and engagement evaluations, but it
tries to do more than that: it seeks to enable publics to participate more
meaningfully. According to Mutable Matter’s framing, the conversations in the
workshops and the multiplicity of sources used by participants, reflect the same
awareness of the politics that science is part of - it does not take the force of public
concerns away. Yet, in addition, the framing potentially allows for public concerns
to be interpreted as anchored in ‘valid’ imaginations of nanotechnology. By
drawing attention to the potential awareness of an agentive matter - nanoparticles
'messing' with cells or 'making [their] own decisions' (see Kearnes et al,
2006:51,53) – such comments are regarded as a kind of distrust of human control
over something that is perhaps wrongly portrayed as ‘inert’. Participants can thus
be seen as not merely fearful of 'bodily invasion' (Macnaghten, 2010:28), but as
drawing on examples where 'matter' has produced unforeseen phenomena such as
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cancers and mutations. The Mutable Matter project thus shows that a framing of
certain concerns as fear is not the only possibility.

Through its framing, Mutable Matter raises the question of what the consequences
of the perception of an agentive matter might be in the context of public
engagement with new technologies, and whether there is a place for this kind of
imagination. Existing nanotechnology engagements have been critiqued for
engaging publics with themes that can easily be addressed – not because they fit
comfortably into policy frameworks, but because the issues participants have are
already being responded to in the form of toxicity tests or the preparation of
accessible information (see Jones, 2004c). The response of the Environment
Agency seems to confirm this strategy by appreciating that participants
participating in the Nanodialogues project ‘started from a very different place to the
experts who worked on the RS/RAE report, yet … came up with similar
recommendations that are, for the most part, already being addressed' (quoted in
Stilgoe, 2007:31). While project leaders have pointed out that, despite its successes,
'public engagement is splashing about in science’s shallow end' (Stilgoe, 2007:8081), there seems to be an increasing openness to problematisation: the
Nanodialogues project made 'uncertainty' the main theme of its experiments (see
Stilgoe, 2007:29) and GATN turned 'complexity' into a central focus (see Kearnes et
al, 2006:front cover). There also appears to be an opportunity to explore novel
approaches. Indeed, the latest directions in public engagement with new
technologies seem to echo the concerns of Mutable Matter. The NEG report, to
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name one example, concluded that public engagement is increasingly less about
achieving a mirror of public opinion that can feed into the decision-making process,
than about raising issues and bringing in 'surprises' (e.g. Gavelin et al, 2007:61,523; Macnaghten, 2010:32). Further, in an interview on the ScienceWise website,
public engagement ambassador Marcus Du Sautoy called for abandoning the
mantra of ‘it’s too difficult, you can’t engage’ and for collating ideas to 'get people
helping out with doing science' (Du Sautoy, 2010). While such calls could be
understood as enlisting publics in a particular (industry and government friendly?)
trajectory of participation, scientific research and contribution to the economy,
Mutable Matter suggested that 'bringing surprises' and 'helping out with doing
science' can also be a critical form of engagement. Moreover, it has shown such
participation does not have to mean a retreat to the 'deficit model'.

Conclusion

In this chapter I have described and evaluated one possible prototype for a public
engagement with nanotechnology which seeks to support publics in co-imagining
nanotechnology research trajectories. Based on its outcomes, the experiment
questions the current perception that publics cannot participate 'this far upstream' in
the development process. The project challenges the binary of innovating scientists
and evaluating publics by demonstrating that possibilities can be created for publics
not only to comment on existing innovations, but to experiment with
nanotechnological futures themselves. A key feature of the project has been its
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introduction of hands-on, art-practice informed methods. Although not without
problems, this approach appears to have been successful in enabling upstream
participation by blurring 'scientific' and 'public' spaces. This 'blurring' was achieved
in three different ways: by making the 'scientific side' of nanotechnology more
accessible, by engaging with 'social' and 'scientific' questions simultaneously, and
by motivating publics to 'innovate' themselves.

What further distinguished Mutable Matter was its framing. Following Beck’s
suggestion that ‘public imaginations of risk need to be believed in order for
progress to be made’ (1992:76), it allowed for and supported such imaginations of
risk. In contrast to other nanotechnology engagements in which participant
imaginations of matter as 'doing something' became interpreted solely as fears, the
Mutable Matter framework highlighted an alternative reading of such statements,
namely as visions of an agentive matter. By exploring such visions with its
participants, the project sought to add to a currently fairly limited and stagnant pool
of possible narratives and frameworks for public imaginations of new technologies,
and to draw attention to the challenge of looking for new and more empowering
alternatives.

The project further drew attention to issues around using sensory methods. At the
same time as the method appears to have opened opportunities for novel forms of
engagement, participant reactions have shown that sensory methods, due to their
association with play, art or science engagement, trigger uncertainty about how to
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engage with the materials. Running the project (and the pilots) helped to suggest
ways of negotiating the problems of hesitation where they arose from confusion or
lack of confidence. Such features of sensory methods need to be considered when
they are applied. Something that also needs to be considered is that not everyone
will want to engage with nanotechnology – or other subjects – through playful,
sensory engagement. What the method can not and does not seek to overcome is a
rejection of the hands-on method or the invitation to co-innovate in this particular
fashion. What Mutable Matter seeks to offer is one particular 'pathway to
participation' (see Barnett et al, 2005). As participants during the Nanodialogues
project pointed out, engagement ‘should be different at different levels of the
research process' (see Stilgoe and Kearnes, 2007:10). And, as the results from
Mutable Matter have indicated, some people take to a particular form of interaction
more than others. They may also wish to participate only at particular stages, for
instance, it is likely that some publics may not want to go 'this far upstream’. Like
other engagements, Mutable Matter has its specific function and audience. This
function and potential audience requires further examination. Mutable Matter has
made a first move into the direction of providing opportunities for publics who
would like to participate as co-experimenters. The project has shown that
imagination of the future of innovation does not have to be confined to scientific
experimentation. Nor does public innovation have to completely adopt scientific
approaches to innovation. In fact, examples such as the moving in and out of
'scientific' spaces during the workshops and the playfulness of scientist-orientated
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workshops such as the Ideas Factory suggest that both publics and scientists can
benefit from inhabiting the space in-between.

The main conclusion from this analysis is that the Mutable Matter workshops
should not be seen as a new model, but as a starting point for other research into
creating engagements with nanotechnology and, potentially, other new technologies
or techno-scientific issues that might call for an agentive vision of matter. As
participants commented during the Nanodialogues project, publics ‘should be
involved at all levels of the research process’ (see Stilgoe and Kearnes, 2007:10) or
should have the opportunity to participate. This is what Mutable Matter is trying to
achieve – to offer an engagement at a place where, so far, other methods have fallen
short. The Nanodialogues researchers commented that '[u]pstream is a complicated
space in which to talk. It demands new processes, new cultures and new ways of
thinking’ (Stilgoe and Kearnes, 2007:16). Mutable Matter represents such a new
approach. As the latest (at the point of writing) ScienceWise newsletter suggests,
Mutable Matter’s playful approach appears to be part of a bigger trend. As Marcus
Du Sautoy comments in the newsletter: 'We are really trying to find ways to use
new media and to get people involved in doing things. It’s about getting people
involved, getting their hands messy' (Du Sautoy, 2010).

There are plenty of ways of expanding on the potential of Mutable Matter for
‘getting people involved’ and ‘getting their hands messy’. The project was run with
very limited resources, limited 'backing', limited access and limited experience with
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facilitation of public engagements. While the hands-on materials appeared to enable
participants to build their vision of the nanoscale, they also imposed certain
limitations. Less constrained projects could experiment even more intensely with
the elements Mutable Matter has started to integrate, and even include new or
improved elements. Examples would be refinements of the 'stimulus materials'
(STM images, magazines) or the modelling 'tasks' to give the project a more
consistent output, and refinements of the approaches to analysing the resulting data.
New publics and locations could be enrolled. The choice of modelling and
supporting materials could also be revised. It might also be interesting to follow
these kinds of workshops up with joint scientist/non-scientist workshops, to codevelop ideas or discuss 'innovations'. Although there is a danger that scientists as
‘experts’ take the lead in such encounters, it is equally possible that the playfulness
of the encounter may support more positive dynamics.

In addition, the Mutable Matter project raised questions about possibilities of
extending the engagement beyond one-off workshops. The project could be
criticised that it did not proceed, as intended, beyond the temporalities of the
art-science exhibition or focus group models of engagement: the workshops only
momentarily convened publics and produced 'data' which may be difficult to
process in the context of policy-making. On the other hand it could be argued that
the project produced similar results to much better resourced nanotechnology
engagements, as the above analysis has shown. The project could further be seen as
seeking to challenge and change existing policy frameworks rather than seeking to
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provide easily digestible data. However, the most direct way Mutable Matter
engaged with the problem of continuing engagement was by trying to build a
personal connection between participants and the topic, to find a theme the
participants wished to explore further, and to experiment with modes through which
participants might want to continue their engagement with this topic. The intention
of this connection was intended to stimulate an audience’s curiosity or concern in
absence of a controversy which naturally promotes engagement. To engage publics
on a 'larger scale' the project also experimented with a different medium that has
also been used during other nanotechnology projects: blogging. In the following
chapter, I will talk about the experiences with the 'Mutable Matter Weblog' as well
as the discussions around widening and sustaining participation with new
technologies.

287

Chapter 7
Making connections - Sustaining and widening public engagement
with nanotechnology

The Mutable Matter project showed that certain obstacles can be overcome in
engaging publics with nanotechnology outside a controversy. What has, so far, been
little addressed is the question how this kind of engagement could be made
available to a larger public and beyond the confines of one-off, face-to-face
workshops. While the workshops are a valuable starting point, they also seem to
end on a question: what happens after these few intense moments of 'imagining
nanotechnologies'? The question of how to generate a sustained public debate on
nanotechnology has been a major point of contention during post-engagement
discussions (see Gavelin et al, 2007:86,59; Guston, 2007). While the official
experiments have been described as successful in terms of their capacity to
establish dialogue and motivate public participation, their limited reach and
continuity run contrary to the goal of preventing controversy through sustained
involvement (Gavelin et al, 2007:76). So far, none of the projects have arrived at
satisfactory strategies how to continue the conversation. The combination of a lack
of newsworthy events, insufficiently accessible information and the 'invisibility' of
the technology is posing a seemingly insurmountable challenge.
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The same issue has been occupying other areas of public engagement. Museum
curators, artists and science communicators working on issues around
nanotechnology are increasingly seeing their contributions as an inherent part of
democracy. A question that has been asked by many is: 'where does… democratic
debate take place?' (Rodari, 2010:1) As indicated in Chapter 4, there is a growing
sense that the debate around the future of nanotechnology is not just something that
should take place in overt political arenas such as policy-orientated public
engagements. There has been some inquiry as to whether or not these overt political
arenas are suitable for stimulating sustained interest. This may be one of the reasons
why museums, for instance, have become enlisted in national programmes for the
widening of engagement with nanotechnology, especially in the US (see L.Bell,
2008). Museums also appear to see themselves as supporting sustained discourse
through initiating debates specifically to ‘take the temperature" of various opinions
in society’ or undertaking post-visit research to ‘establish whether or not [visitors]
have continued to show interest in the subject we presented, perhaps by buying
books for themselves or their children, surfing on the Internet or watching
television' (Wagensberg in RTDinfo, 2003). At the same time, museums and other
initiatives to increase public discourse around nanotechnology lack recognition as
contributing and democratising factors.

This chapter looks at the issues around continuing the conversation about
nanotechnology as well as potential avenues for addressing them. Rather than
attempting a complete overview, it will focus on the some of the leads that have
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emerged in the course of the Mutable Matter project. The first part engages with the
aims and concerns that guide the discussions on sustaining engagement with
nanotechnology and the particular challenges this process poses. The second part
discusses the experiences gained during the running of the Mutable Matter Weblog
which accompanied the workshops. The examples are put into the wider context of
online engagement and its underlying discourse of active citizenship. The third part
explores the possibilities around engaging publics through different forms of coexperimentation, whether in person or online. I will argue that one of the keys to
developing a public exchange about nanotechnology may lie in a creative
engagement with the materiality of nanotechnology.

The challenge of continuing the conversation

That ‘upstream engagement’ is, indeed, complicated (see Stilgoe and Kearnes,
2007:16) could be felt across all post-engagement discussions. Perhaps the most
challenging aspect of engagement at such an early stage of technological
development remains how to continue the conversation about nanotechnology. To
reach beyond focus group sessions or participant communication with family and
friends was cited as the main new goal in the Nanotechnology Engagement Group
report (Gavelin et al, 2007:86; see also Sciencewise, 2010a). Proposed solutions
appear to fall short of reaching the desired level (and form) of participation. As the
NEG report states: '[t]he only known attempt to use these activities [the
nanotechnology engagements] to contribute to wider public debate is the Guardian
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newspaper’s involvement on, and press coverage of NanoJury' (Gavelin et al,
2007:86).

The question of how to continue public engagement with nanotechnology is closely
tied to the question why public engagement in general needs to have temporal and
spatial continuity. The main reason given by the nanotechnology reports is the
desire to uphold democratic values (Jones, 2007b:viii; Gavelin et al, 2007:1;
Stilgoe, 2007:17). As mentioned in Chapter 3, what is furthered advanced is the
ideal of a 'participatory democracy' as an alternative to a situation where
governance is deferred to a system of experts silently elected by 'the public' (see
Ferree et al, 2002: 316; see also Marres, 2007). The requirement to have not only
the backing, but the active participation of its citizens explains the government's
criticism that current projects do not have enough reach. The NEG report expresses
this frustration as follows:

...few public engagement activities conform to democratic principles. Many are
small-scale, unrepresentative, and ad-hoc, and there is little agreement among
public engagement practitioners about the correct definition of the term ‘public'
(Gavelin et al, 2007:25).

The dissatisfaction with the democratic viability of nanotechnology focus groups
has resulted in calls for a redirection of efforts towards long-term engagement.
Such continuity, however, is difficult to engineer, let alone finance. The amount of
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work, resources and energy that needs to go into convening publics outside of a
controversy seems too extensive to qualify as a realistic goal. Already, energies and
resources appear to be dwindling (see Crowther, 2008, nanoandme.org, 2010) or
are redirected to the discussion of other, more obviously controversial new
technologies such as geo-engineering (Sciencewise, 2010b) or concrete applications
of nanotechnology such as nanomedicine and synthetic life.

At the same time, it could be argued that, rather than furthering democratic ideals,
protecting the 'brand name' of nanotechnology and its economic potential may
prove to be a sufficient driver for a continued investment in new methods (see
Kearnes and Wynne, 2007). This may, however, necessitate that funders have
assurance that publics are involved in the 'right kind of engagement' or that a lack
of engagement would definitely result in negative consequences. Such concerns are
shared in other areas of nanotechnology engagement where deliberation has been
facilitated. Larry Bell, curator at the Boston Museum and principal investigator for
the Nanoscale Informal Science Education Network, is one of many engagement
advocates who wonders '[w]hat happens when public deliberation raises real
concerns about a company’s products or practices or if public views suggest a
policy direction the funding agency does not support?' (L.Bell, 2008:397). He asks
whether it is possible to find funders who are willing to risk a highly critical or even
negative response and 'continue to support the dialogue' (op.cit).
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The fact that nanotechnology is seen as a test case for getting an 'upstream' debate
underway also adds pressure to succeed. During post-engagement debates,
participation activists appeared concerned that a failure of nanotechnology
engagement would signify failure of upstream methods in general. It was hoped
that current experimentation would positively affect future relations between
government, science, industry and public (Stilgoe, 2007:78, 74-5; Kearnes and
Wynne, 2007:141). There also seems to be a fear that the newly established
conceptualisation of publics as a 'creative resource' (Kearnes and Wynne,
2007:131) is being jeopardised. So far, concrete suggestions about what could be
done are lacking. Again, it is hoped that the interplay of motivations and urgencies
may eventually give shape to new forms of public engagement with
nanotechnology, an example being the interplay between public ambiguity about
nanotechnology and governmental anxiety about the economy (see Kearnes and
Wynne, 2007). A question is whether there are sufficient levels of ambiguity. Is
there a public that voices this ambiguity? So far, the problem has been an absence
of any major public debate around nanotechnology. So how can this process be set
in motion?

Nanotechnology poses more than the usual measure of obstacles to generating and
sustaining debate. These are not only related to the 'abstract' nature of
nanotechnology (see Gavelin et al, 2007:63) or the social barriers between 'science'
and 'public' (Gavelin et al, 2007:53). First of all, the lack of spectacular events due
to the early stage of the research may be seen as preventing the topic from entering
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public (or even private) discourse. Even if interest is aroused through the occasional
article or two, without a more sustained media presence, public interest is likely to
dissipate over time. Lack of access to adequate information and frustration with the
inability to understand the technology is also likely to be a hindrance (Gavelin et al,
2007:95). The NEG report further lists uncertainty and 'lack of agreement about the
proper purpose and appropriate topics for public engagement' as contributing
factors (Gavelin et al, 2007:63). Another complication is that no one seems to know
for certain what nanotechnology will 'do'. As one of the engagement evaluators
noted:

With an issue as upstream as nano is, it is very difficult to get a grasp of what
there is to discuss, and a some of the discussions have been a bit flat (cited in
Gavelin et al, 2007:63).

It could further be argued that the framework of public engagement itself is an
obstacle to the formation of a debate. Looking at Ulrich Beck’s conception of
public engagement with ‘risk’, it could be argued that current processes, no matter
how ‘upstream’, are not designed to support involvement in issues that are deemed
non-controversial. Participation is centred around controversy and its prevention,
or, as Noortje Marres suggests, it is construed as a process of furthering the
‘articulation and settlement of issues’ (2007:765). This includes a focus on policymaking rather than public involvement in shaping innovation trajectories (Stilgoe,
2007:32). Although the new dialogue-based methods are trying to instate the
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concept of public engagement as problematisation and are working against the
notion that publics have to decide between being ‘for’ or ‘against’, some argue that
there is still ‘no notion of multiple pathways’ to issue formation (Stirling, 2007). As
Marres has argued, this tension between the need to pin down positions and the
desire to open up an issue arises from the tendency of ‘issues’ to challenge
institutional boundaries (Marres, 2007:769). She further argues that, so far, STS
scholars involved in the discourse around public engagement have mainly worked
towards the aim that the government involves publics and their concepts around the
issue at hand. The way they envision this involvement, however, has been almost
exclusively through ‘discussions taking place in well-ordered public space’
(2007:765). There are two sets of questions that need to be asked in this context.
The first one is posed by Marres herself: are current conceptualisations of public
engagements, and particularly public engagement methods, too narrow? (2007,
764). The second one emerges from the current struggle around forming and
maintaining a public around the ‘issue’ of nanotechnology: what happens if there
are no concepts yet? What if there is not an issue yet?

To a degree, both problems have been recognised in the nanotechnology context.
For instance, the dilemma of sustaining/widening participation has been addressed
through an array of suggestions for new methods ranging from encouraging publics
to start their own blogs (Perry, 2007) to art exhibitions as a more critical form of
engagement (H.Rose, 2007). The response to such ideas, which were often voiced
in evaluations and post-engagement debates, led to a sense that public engagement

295

with nanotechnology displayed too much of an attachment to existing frameworks
to achieve the much desired 'transition from consulting the public to engaging the
public’ (Noveck, 2005, see also nanoandme.org, 2010). This is also reflected in the
number of nanotechnology blogs and forums which have perhaps been abandoned
because of lack of funding or lack of experience with the 'culture' and possibilities
of these media. Even the most recent project, the website 'nanoandme.org' which
aims to host nanotechnology-related debates, appears to suffer from a lack of
financial support (nanoandme.org, 2010). Increasingly, there seems to be a sense
that controversy is necessary to animate publics to convene out of their own
initiative, which is exactly what public engagement with nanotechnology is seeking
to prevent. But what alternatives are there?

A question that was raised during post-engagement discussions was which forms of
participation would be considered valid contributions to a public debate on
nanotechnology – and, in which locations or spheres would the debate need to take
place to constitute a 'critical mass' of public participation? Such questions
exemplify Clive Barnett's argument that publics are 'sustained by establishing
relations of attention whose geographical configurations are not given in advance'
(Barnett, 2007:14). As Barnett explains:

...publics cannot come into existence without presupposing infrastructures of
communications and patterns of social interaction, but neither are these material
or social configurations in themselves publics. A public emerges when these
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presupposed forms and patterns are exceeded, made strange, and used as a
medium to imaginatively project towards an unknown addressee, to invite them to
share one’s concerns, to care about things together (Barnett, 2007:14).

This condition of 'exceeding' what audiences and pathways are imagined is
particularly – and painfully - relevant to nanotechnology engagement.
As the previous chapters have indicated, the concern about sustaining the debate is
not only confined to policy-engagement. Museums, artists and even theorists are
exploring options around how to overcome the multiple obstacles of obscurity,
invisibility and a lack of incentives for publics to pursue the subject. As indicated in
Chapters 4 and 5, there is a also a sense that these other forms of engagement are
beginning to ask whether they could become part of the ‘exceeding’ of currently
accepted frameworks of public debate.

The pursuit of this goal has taken on a variety of expressions. As an example, the
nano and Science + Fiction exhibitions' invitation to ‘participate' in the 'future use
of this new science' was intended to attract a more long-term audience by exposing
them to the nanoscale's 'strange materiality' and the questions it raises (Vesna and
Gimzewski, 2003b:7). Both projects maintained extensive resource sites where
more information and thoughts about the topic could be found. The
Science+Fiction exhibition website, for instance, featured mainly interviews and
essays by academics from different disciplines as well as links to 'official'
information sources about nanotechnology and other new technologies (Iglhaut and
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Spring, 2007). Essays as well as 'stimulus' images could also be purchased in form
of two books. The website was online for about six years. The 'nano' website,
which, at the time of writing was still fully functional, is a detailed documentation
of the exhibition and explains its installations and activities (Vesna and Gimzewski,
2003c). It further features extensive 'behind the scenes' photo stories and photo
albums, which feature comments about the nature of collaboration and the blurring
of disciplines (op.cit). There is also a section dedicated to the team's collaboration
with Tibetan Monks which explored 'the subtle connections between atomic
manipulation and the creation of a sand Mandala... as well as the connectedness of
all things around us' (op.cit.). Could this kind of documentation contribute to
generating debate?

Fostering debate about new material interrelationships is also the pathway theorists
of 'matter' appear to have chosen. Examples are Bruno Latour's proposed exhibition
on the bifurcation of nature (see Latour, 2010) and Manuel DeLanda's affiliation
with architecture (DeLanda, 2004). Even Michel Serres seems to have shed his
aversion to dialogue (see Serres and Latour, 1995:37) and moved on from a fairly
secluded position to become a more public figure. Engaging different kinds of
audiences with his work through talks and interviews, he has made practical
proposals such as a global institution which ignores established boundaries such as
nation states or corporations and which 'represent[s] water, earth, fire… life' (Serres
in Hazera, 2009, own translation, see also Serres, 2008c). A recent enthusiast of the
possibilities the internet brings for communication, he further encourages publics to
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participate in debates around new technologies and other issues through blogging
(Serres, 2008b).

Museums are also experimenting with options, despite difficulties of reaching adult
audiences, especially 'young adults'34 (Simon, 2010a). Again, websites are a
popular way of reaching audiences. The Boston Museum of Science, for instance,
offers online podcasts of discussions with scientists, online forums to vote on or
debate nanotechnology case studies (an example is the introduction of 'nano silver'
toothpaste) and even a youtube channel called 'NanoNerds' on which nearly a
hundred videos are made available - from science news to nano themed juggling
shows (Boston Museum of Science, 2006).

Figure 31: NanoNerds Youtube Channnel (screenshot)

34

Simon sets the boundaries of this age group as 18-40 (2010a).
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The channel was launched at the end of September 2006 and has to date attracted
about 300,000 views and about 250 subscribers. Some of the videos attract over a
hundred comments from viewers, such as the ferrofluid demonstration. Such
experimentation is increasingly analysed on online forums and blogs, such as
'Museum 2.0' (Simon, 2010b) or the ‘Exhibit Files’ community site (2009) There is
also a growing number of online exhibitions, many of them with interactive
components, such as the archived 'Small Science, Big Deal' exhibition at the
London Science Museum (2005a).

Another group of stakeholders in the debate around sustaining engagement with
nanotechnology are science enthusiasts – people who are fascinated by science and
technology and work for charities or educational organisations. Examples of this
kind of engagement are scientists or 'amateurs' putting on science cafés or science
demos, science associations (e.g. The British Association for the Advancement of
Science) running science fairs, science communicators experimenting with
'guerrilla science' events (reference) and artists giving art-science talks (e.g. ‘Tesla
Talks’ at University College London). These events are crossing more and more
into popular culture through aligning themselves with narratives of 'creating
common futures' (for instance, by inviting 'visionaries' to present their ideas to
audiences of potential 'world changers') or through phenomena such as 'geek chic'35

35

Geek chic refers to the ‘embracing of stereotypically unpopular "geek" characteristics’ in popular
culture, especially fashion (see Wikipedia, 2010a).
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(Sloan, 2007). Examples of these kinds of events are TED talks36 or the
science/culture magazine Super/Collider's Green/Space and ScienceFair events
(Super/Collider, 2010).

Figures 32 – 35: Images from Super/Collider’s ScienceFair TM (photos: Chris
Hatherill)

Many of these events happen regularly enough to sustain a form of debate and are
driven by the desire to inspire curiosity about science. Because of their promotion

36

TED (Technology Entertainment and Design) is a conference series disseminating ‘ideas worth
spreading’. It invites visionaries from disciplines such as design, science, economy. Talks are
broadcast on the internet and were watched by about 50 million people by January 2009 (Wikipedia,
2010b).
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of science, these events offer different levels of critical engagement. Events such as
the Tesla Talks, explicitly invite critical engagement whereas others, such as most
science festivals, are more geared towards recruiting new generations of scientists
or enthusiasts. This difference in engagement results in varied kinds of audiences.

Many of these events are also increasingly networked through participation
platforms such as OpenTech, which unite government and grassroots public
engagement activism (UKUUG, 2010). Originally an information technology
platform aimed at promoting and sharing knowledge of 'open systems', the use of
information technology in many participatory strategies has led to OpenTech
becoming a forum for a myriad of 'slightly different approaches to technology,
politics and justice' united under the motto of 'work[ing] on things that matter'
(op.cit.). The 2010 event, for instance, included presentations on museum
engagement ('Open Objects'), genome data ownership and the use of gaming in
public engagement. Outside such events, there is a growing sense that different
kinds of project can learn form one another. Examples are the citizen juries taking
place at the Boston Science Museum (see Chapter 4). As the following section will
show, the Mutable Matter project has also attracted interest from museum and
policy engagement practitioners.

Such cross-fertilisation could become vital for the future of the nanotechnology
debate. At the moment different projects cater for a diversity of participation needs
and interests and thus accumulate 'specialist' experiences. As Barnett has pointed
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out, convening publics does not have to involve a gathering in one place, but can
consist of 'practices of dissemination, dispersal, and scattering' (Barnett, 2007:14).
It could therefore be argued that it is valuable that these projects continue to exist in
their respective environments. At the same time, it is beneficial that experiences are
exchanged, and that different forms of engagement are recognised. Much could be
gained from sharing information and from combining - at least occasionally elements of complementary forms of participation. Examples are the combination
of museum engagement with policy-orientated discussions or supporting 'guerilla
science' with museum backing - the Guerilla Science project is currently backed by
the Wellcome Trust (Guerilla Science, 2010). Future collaborations could see
facilitators of policy-orientated engagement learning from artist-scientist
collaborations or science communication.

The Mutable Matter project addressed the issue of sustaining and widening
participation firstly by developing a method which would stimulate the curiosity of
participants about the materiality of nanotechnology and creatively explore material
interrelations. Yet it also began experimenting with dispersing its approach and
continuing the debate through a medium other than face-to-face, hands-on
workshops: blogging. Because of the limited time-span of the project, the main
emphasis was on developing and testing the workshop-based method. The blog
mainly functioned as a means of recruiting and updating participants, and sharing
examples of other experiments that informed the research. Blogs or weblogs are
publishing platforms often compared to diaries for their chronological display of
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entries. Although they are written by an author or team of authors, they offer a
commenting space for discussion, and are thus regarded as interactive platforms.
The response to this blog prompted ideas about possible avenues for continuing the
conversation through this medium and other types of online and offline media.

The Mutable Matter Weblog

‘Welcome to Mutable Matter…………. This blog is about matter - what we
associate with it and how we imagine it. Especially what we cannot see. This blog
will also provide a platform for the interactive art project with the same name that
will run in 2008. Feel free to post thoughts about your associations with matter or
other ideas, comments…’
(first iteration of the Mutable Matter Weblog purpose, September 2007)

The Mutable Matter Weblog is part of a growing body of internet communication
related experiments around initiating and sustaining public engagement. The
'electrification' of public engagement is a controversial subject in itself (Noveck,
2005). At the heart of the debate around online engagement is whether or not
internet platforms enable a meaningful form of public participation and discourse.
Until just a few years ago, web presences such as blogs were often perceived as too
populist and too narcissistic to qualify as discussion hubs (reference). A common
opinion is that blogs are an inappropriate medium of sustaining dialogue, because
they are 'not created with the explicit purpose of contributing to a public sphere, the
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commons or heightening civic engagement’ (Papacharissi, 2009:238). It is also
feared that blogs may widen gaps between experts and publics (see Ward and
Gibson, 2009:31) and lead to closed opinion communities around a subject (Beard,
2008b). Regardless of such opinions, discussions about nanotechnology keep on
populating the blogosphere, much to the discomfort of online engagement sceptics.
Moreover, growing access to the internet as well as the growing popularity of
online authorship have contributed to the perception of blogs as the 'new citizens’
medium’ (see Himmelsbach, 2005:920, Noveck, 2005, Shirky, 2008, Sunstein,
2006, Serres, 2008b).

That blogging encourages 'active citizenship' seems to be reflected in (or derived
from) the many statistics and reports that are regularly produced. In 2008, the figure
of blog readers was put at 346 million world-wide, and the number of blog authors
at 184 million (Winn, 2009). A more in-depth survey was conducted by Technorati
in 2009, suggesting that 72% of bloggers are hobbyists, most of them between the
ages of 18-44 (Technorati, 2009). This figure may be particularly interesting,
because it maps onto the age group museums and other forms of science
engagement are finding hard to reach (Simon, 2010a). Analysing the topics
bloggers favour, Technorati found that 'technology' came in third place and 'politics'
in fourth place37. On top of these statistics, online participation advocates cite
examples of bloggers who report on how blogging encouraged them to reflect on
topics in a different way (see Kaye, 2007:142). Another reason why blogging has

37

The in first place came ‘Other’ and the second place was occupied by ‘Personal Musings’.
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risen in esteem is its apparent blurring of the public/private sphere (Papacharissi,
2009:244).

The current enthusiasm for blogging as form of political participation has given rise
to a first generation of governmental blogs, message boards and wikis such as
MySociety.org, TheyWorkForYou.com, Tweety Hall and VirtualParliament.
Designed to stimulate and sustain participation, they have met with different
degrees and forms of success. At a recent conference (OpenTech 2009), it was
found that one of the barriers to online participation is the confusing range of
participation options and the overwhelming amount of mediated and unmediated
governmental data that is potentially accessible. Nanotechnology engagement has
also made use of web platforms. Here, the problem lies less in the amount of access
and participation options, but the lack of both. Many of the nanotechnology
websites are mainly resource sites featuring lists of links, such as in the case of
Small Talk38. Only a few projects experimented with blogs and other interactive
forums. Most of these interactive platforms give the impression that they were
underused and eventually abandoned. Nanodialogues, for instance, published a blog
which remained active for about a year. The blog now lies dormant with 22 posts of which only 10 remain accessible - and one participant comment.

38

Small Talk distinguished itself from other nanotechnology engagement projects by trying to prove
the value of science communicators in the facilitation of public engagement and public dialogue.
Funded mainly by a Copus grant, it involved, amongst other organisations, the British Association
for the Advancement of Science and the Royal Institution. The project also differed in the amount of
people it reached: its 20 events drew around 1200 participants.
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The most ambitious example of interactive web use was undertaken by the
ScienceWise supported sciencehorizons39 project. The sciencehorizons website not
only functioned as a recruitment and project presentation tool, but further
contributed to extending the reach of the project by facilitating engagement online.
In addition to the 'physical' project packs the participants could order,
downloadable pdf versions were offered, as well as animated online versions of the
different scenarios (Sciencehorizons, 2007:20). The website also facilitated online
discussions and commentary through a blog and message board. The blog appears
defunct, showing only four posts - to document the launch, media coverage, the
first event details and to thank participants and facilitators – and a number of
unanswered queries from commentators. The forum appears to have been more
successful. However, the amount of 'spam' comments indicates that the forum does
not receive any maintenance. An example of second generation official engagement
is the website nanoandme.org (2010) which includes information on
nanotechnology as well as a blog. This website is still under construction and is
eventually intended to sustain debate through regular events such as broadcasts of
live debates. It appears as if the project is struggling for funding, and at the last visit
(3 September 2010) it looked as if all links on the website had been disabled.
During what could be described as its pilot phase, visitors to the site could engage
in discussion on different nanotechnology sub-issues such as nano-medicine.
Further, visitors could comment on the site design itself.

39

The project defined itself as 'a national series of public conversations about new technologies, the
future and society' (Sciencehorizons, 2007:4). It consisted of three 'strands': a deliberative panel, a
series of facilitated discussions as well as 'self-managed events' (Sciencehorizons, 2007:2).
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Alongside the official platforms there have been personal blogs which have
supported the discussion around nanotechnology. An example of such a personal
platform is the blog 'Softmachines', authored by Richard Jones, the scientist who
participated in many of the nanotechnology engagements (see Jones, 2010).
Originally started to promote the author's book with the same title, the blog
summarises developments in and around the field of nanotechnology and
nanotechnology engagement in an accessible style. The blog is well maintained Jones posts and answers comments regularly, often several times a day - and
appears to attract a body of regular visitors - fellow scientists, people who have
attended the same events, but also seemingly 'disconnected' readers - who discuss
the latest posts. Another successful personal blog is 2020 Science, which aims to
'provid[e] a clear perspective on developing science and technology responsibly'
(Maynard, 2010). It is run by scientist Andrew Maynard who describes himself as
'[a] scientist with an unhealthy interest in the dark side – policy, communication
and all that' (op.cit.). This level of accessibility, blog maintenance and debate is
what the Mutable Matter Weblog aimed for, at least in the long run. The blog was
the beginning of an experiment in trying to generate interest and a community, to
eventually expand and sustain it. Due to the amount of work already involved in the
workshops, this could ever be but an exploratory project. The results so far,
however, give an indication how blogging could be valuable for sustaining a debate
and convening publics.

308

Figure 36: The Mutable Matter Weblog header

The Mutable Matter Weblog went live on 24 September 2007 on the free hosting
platform ‘Wordpress’40. Unlike other blogs on nanotechnology engagement, which
tended to focus on either the science or the 'social' side of nanotechnology, the
Mutable Matter Weblog attempted to unite these two sides of engagement. It further
aimed to offer a wide selection of 'hooks' to connect to a variety of related interests
such as art, particle physics, hands-on methods, museum exhibitions and
geography. At the beginning, posts appeared under the categories 'Project Updates'
and 'Thoughts On Matter' - later added categories were 'Events' and 'People'.
'Project updates' started with a description of the project, calls for participants and
workshop announcements, and ended with a summary of outcomes as well as future
directions of the project. 'Thoughts on matter’ gave snapshots of artistic, theoretical
and otherwise inspirational work I encountered through my research. Writing up
these encounters for the blog was intended to give readers a feel for the project and
40

The blog’s address is http://mutablematter.wordpress.com .
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elicit feedback on the research. 'Events' invited readers to exhibitions and talks that
related to the project. In many cases, these were events I was also attending.
'People' introduced the work of theorists, artists and others who were grappling with
similar subjects. Initially being very participant (recruitment) orientated, the blog
attracted a fairly varied, and also sizeable audience. Between September 2007 and
December 2009, the blog attracted 23,054 visitors (see Appendix 5.2). The daily
visits have constantly been rising since the launch of the blog, and have continued
to rise since then, despite the less extensive updates due to thesis completion. As a
comparison, the Smalltalk project website attracted 35,000 visitors between January
2005 and November 2006 (Smallman and Nieman, 2006:8). The current daily
average of blog visitors is currently 44 (see Appendix 5.2).

A rough idea about the blog's audience could be gained from e-mail and blog
comments, as well as the blog's statistics which include data on incoming links,
referrers (links visitors clicked on to get to the blog), search terms, subscribers and
visited links. The incoming links and referrers give some indication about what
kind of websites refer to the blog. The websites that link to Mutable Matter through
their posts or blog rolls include social science/humanities sites (e.g. Michel Serres
Blogspot, the Matterealities event site), science communication resource sites
(Cocktail Party Physics, Physics Buzz) and what could be described as techno-phile
lifestyle sites (super/collider, Garbed, Oobject, Uphaa, Glaserei). On occasion, links
to the Mutable Matter Weblog were featured on a temporary basis, e.g. as part of a
journalistic residence (Kavli Institute of Particle Physics, Iain Banks' Official Site).
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These blogs and websites engaged with Mutable Matter in different ways. The
academic sites referenced the blog as a contribution to a particular area of research.
The popularity with researchers is also apparent from the tag search for physicist
and STS theorist 'Karen Barad' (see Chapter 2) on overall second place (see
Appendix 5.6). The science communication sites appeared to appreciate the
different approach the blog was taking – on Cocktail Party Physics, for instance,
Mutable Matter is filed under the category 'Geeks Gone Wild' (Ouellette et al,
2009). The main author of Cocktail Party Physics also used the blog as part of her
teaching material in science communication which was downloadable from her
website (Ouellette, 2008). The lifestyle sites picked up on specific posts, such as the
'From Atoms To Patterns' exhibition review or the BBC's 'Atom' TV series article.
The super/collider published some of the CERN photographs after seeking
permission.

Although the audience was expected to be determined mainly by the blog's content
and writing style, running the Mutable Matter Weblog brought many surprises (for
a list of blog posts, see Appendix 5.1). For instance, the largest traffic on the blog
arrived from Oobject.com, a website on which visitors can rate unusual design
products. An image of radium face cream found in a remote folder on the Curie
Institute website and posted on the Mutable Matter Weblog, became part of
Oobject.com's ‘Top Radioactive Products’ chart where it was voted into the top 10
(Oobject, 2007). As the site also provides some context to its images and a link to
the original sites, many readers keep visiting the Mutable Matter article on the
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BBC's 'Atom' TV series (2,550 hits, see Appendix 5.3). A similar relationship was
created when the Mutable Matter review of Iain Banks' novel 'Matter' was featured
in a small article on the author's official website. In his article, the webmaster not
only included extracts of the review, but also some background to the Mutable
Matter project and a call for Iain Banks fans to give feedback41 (‘Darren’, 2008).

Apart from these traceable occurrences, it was impossible to determine how the
majority of readers used the blog, for instance, whether visits were mostly along the
lines of one-off browsing, or whether repeat visits to the blog were made. As a
result, only fellow bloggers or website owners could be tracked with certainty. Only
this year (2010), a reader subscription service42 was introduced by Wordpress
which, so far, nine readers have taken advantage of. Sometimes it was possible to
see when links to the Mutable Matter posts were forwarded in e-mails43. The
statistics further suggest that, frequently, visitors arrived at the blog through
questions. These questions reflected the different components of the blog's concern
and tended to range from queries how to remove wine from table cloth (there was a
post on 'Stain Removal Arcana') to how artists have used magnetism in their
work44. Questions regarding a specific topic appeared to peak when related events
occurred and became part of the mainstream media landscape. For instance, the

41

Unfortunately, after a few weeks, the website underwent redesign. As a consequence, most blog
posts were lost, including the post on Mutable Matter, and the original entry merely became
replaced with a link.
42
Readers can subscribe to updates which are sent to their e-mail box. Subscriptions can also be
made to particular posts, to keep track of future comments.
43
This information could be obtained from the e-mail account links in the referrer statistics.
44
This information showed in the daily statistics, but does not show in the statistics summaries,
because such questions are rarely identical.
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most popular search term until December 2009 was 'particle accelerator'45, and
questions about this subject could be found most often after increased media
coverage of the experiments at CERN. Mutable Matter's posts on CERN, DESY
and bubble chamber art are still amongst the most popular reads. A similar peak in
questions occurred after the BBC broadcast its 'Atom' series on quantum physics,
which the blog subsequently reported on.

Part of the blog's audience was also actively gathered through distributing flyers for
the Mutable Matter workshops, which featured a link to the blog. These flyers were
distributed at sites where potentially interested audiences might gather, such as
Open University regional centres, the OU Alumni newsletter and practitioner
events (e.g. the ESRC 'Creative Methods' workshop). Further, audiences were
addressed by making reference to other authors' work in posts and by participating
in discussions on other blogs and forums. The flyer strategy resulted in the
recruitment of two workshop participants through the blog. The reasons these
participants gave was wanting to find out more about the topic and between
particular relations made on the blog, for instance, between an image of the African
continent (generated on the atomic scale) and nanotechnology (see post from
06/02/2008: ‘What does this have to do with geography?’, Appendix 5.1). The last
two strategies were less a deliberate targeting than a 'necessary' form of connecting:
the 'Thoughts on Matter' category frequently included posts on relevant theorists,
artwork or events, and, wherever possible, links to external sites were included to

45

It is now ‘Tooting Bec Lido’ as my picture of the pool now ranks number one in Google image
searches (see Appendix 5.5).
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allow readers to check out the original sources. These references appeared in the
sources' statistics and could be found by authors, artists or event organisers who
tracked their website use. On several occasions, authors mentioned in posts left
comments in response or initiated 'offline' e-mail discussions (e.g. artists, curators,
scientists and social science/humanities academics). The same reaction sometimes
followed comments on discussions taking place on other sites. This experience of
responses linking other fields and their representatives to Mutable Matter's topic
indicates that blogging is not only potentially valuable for discussion, but for
initiating participation from different areas. Another element that is likely to have
given shape to the audience is style. At least initially, the Mutable Matter posts
tried to reflect the project's playful form of engagement, moving between a
personal, humorous and a more analytic, distanced style. The variation in style is
likely to have contributed to the blog's attraction of a varied audience as well as to
the mixed reactions towards the presentation of the subject matter.

A feature of blogs that tends to be neglected in other research is that interaction
stimulated through a blog frequently occurs both on- and offline. When it comes to
online interaction, much attention has been given to the comments sections on
blogs. Indeed, blogs are often as much read for the posts as for their comments (see
Tremayne, 2007b:261). In comparison with Softmachines or Science2020, the
Mutable Matter Weblog attracted little discussion – at least not on the blog. The
comments numbered 116 in comparison with 140 blog posts. Four of the comments
came from future or returning Mutable Matter workshop participants. The majority
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of contributions came from visitors who had no, or at least no discernible,
connection to the workshops and tended to be one-off contributions. Instead, the
blog attracted a number of offline discussions – through e-mails and personal
conversations. The desire for 'off-blog' discussions had varied motivations. Most of
these discussions were initiated by academics or engagement facilitators who felt
uncomfortable with the blog medium. This was to be expected, given non-science
academia's complicated relationship with blogging (Corbyn, 2008). Other reasons
included confidentiality, for instance about a consultancy offer on a second wave
nanotechnology engagement project or enquiries about teaching or speaking
availability. One reader also requested a synopsis or copy of the third part of the
BBC 'Atom' series and asked a few questions about my thoughts on the programme
via e-mail. Further 'offline' interaction occurred through citations in academic
publications or presentations (see Davies, 2010a&b, Suchman, 2007) and
subsequent conversations, and the use of the blog as teaching material in
geography, science communication and art-science (e.g. Ouellette, 2008). The
publication of some of the workshop methods and results on the blog also led to the
method being tested as a visitor interaction at the Telecommunications Museums in
Oslo during an art-science exhibition on 'invisible' radiowaves (Ellefsen, 2010).

The wide range of content presented on the blog – the focus was on matter rather
than nanotechnology - and the distinctive interpretation of this content, further
appears to have led to a certain kind of commentary. So far, not many comments
have taken an explicit for or against position towards nanotechnology. The
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for/against comments that were made were attracted by posts explicitly about
nanotechnology and artificial life. As an example, the author of anti-synthetic
biology blog left a comment on an event notice of a synthetic biology debate at the
London School of Economics, complaining about synthetic biology research
‘blindly going through uncharted waters, [assuming] that synthetic life will
maintain its composition’ (‘Tore’, 25/11/2009, post abbreviated from 543 words).
A comment more typical of other nanotechnology debate was the following
contribution, responding to a Mutable Matter post on far-future uses
nanotechnology:

I have great appreciation for your continuing thoughtful analyses of
nanotechnology issues, and the future. I do worry, however, about the need for
Asimov-inspired nano-laws of technology (Three laws of Robotics) to prevent an
errant construct (Replicators of Star Gate fame?) from eating their way through
modern society. (…) The Chinese ideogram for reward combines risk and
opportunity. As does nanotechnology (‘Barry W. Dennis’, 23/11/2007,
abbreviated from 258 words).

Apart from the above mentioned responses, the remaining comments are a mix of
thank you notes (for discussing a particular topic or person for which little
information or commentary is available), thoughts provoked by the posts (such as
comparisons with other fields), suggestions for further research, requests for more
information, and the odd provocation.
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The experiences of running the Mutable Matter Weblog suggest that there is much
to be gained from using this medium and that overlooking web interaction may be a
missed opportunity. The first wave of official nanotechnology blogs saw interactive
internet communication as secondary to the 'physical' interaction. The
sciencehorizons project even stipulated that it would not include the online data in
its evaluation (Sciencehorizons, 2007). The experiences have also shown that it
takes time and consistency to establish a successful blogging platform. It seems as
if the continuity blogging requires may only make it suitable for private bloggers or
institutions, rather than short-term projects. Although short-term blogging can be
valuable for up-to-date information about a project, abandoned blogs can give the
impression that the opportunity for dialogue, too, has been abandoned (as an
alternative, links to other interactive platforms could be included to re-direct
discussions). What might also be interesting for public engagement with
nanotechnology are the non-visible forms of engagement - the blog interactions that
are not shown in statistics or comments. For instance, a reader writing: ‘[I'm] new
to this and [don't] fully understand it; but those image[s]: incredible’ ('Neil
Johnson', 30/08/2008) might have engaged in further research to gain a better
understanding. Such continuities, however, are difficult to trace and research. If
there had been more time and resources, the Mutable Matter project could have
benefited from an exploration of continuing the creative experimental component of
the project. Devising online 'experiments', a 'Mutable Matter Home Kit' or a
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practitioner handbook might have given valuable insights into how different publics
respond to such offerings.

As much as blogging and other forms of online engagement are crossing
online/offline, public/private spaces and also disciplinary boundaries, there is a
danger that blogs are expected to substitute for forms of involvement for which
they are not equivalent. So far, commentators have shown little understanding of
interrelations between online and face-to-face engagement. As an example, the
notion of online engagement as 'aftercare' following face-to-face workshop
participants, or as a substitute for face-to-face engagement, may need to be revised.
What may be necessary instead is to pursue a wider model of public engagement
with nanotechnology, which recognises different forms of face-to-face and online
communication as possible ‘pathways to participation’ (Barnett et al, 2005).
Further, these pathways might need to be conceived as leading in multiple
directions, again, both on- and offline. These revisions seem particularly significant
for enabling participation to take place further ‘upstream’. Another example is TED
curator Chris Anderson’s example of the role of web video in crowd supported or
‘accelerated’ innovation (Anderson, 2010). This process not only allows for skills
being shared through video46, but new kinds of approaches to develop – from dance
moves to product design to theories (see op.cit.). As I will argue in the next section,
the ideal that publics participate in the imagination of nanotechnology may not only
require a widening of the definition of public engagement, but also further

46

Anderson uses the example of online viewers learning from web videos, but also refining or
developing new approaches, performances, products from what they see.
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experimentation which problematises the 'science'/'public' boundary, both on- and
offline

Sustaining (through) experimentation

The obstacles to sustaining and widening participation in public engagement with
nanotechnology look to be very much the same as the obstacles to making the topic
accessible in the first place, only more amplified. The absence of a controversy to
generate debate is as much an issue as is the desire to make publics feel that they
are participating in shaping the future of nanotechnology. It seems as if, for most
commentators on the official engagement, the latter goal is believed to be
unattainable. Conversely, it could be argued that giving publics the opportunity to
creatively participate in generating possible directions nanotechnology research
could take, might be one of the keys to getting publics interested long-term. The
Mutable Matter workshops showed that participants were not only able to raise
similar issues scientists are grappling with, but also imagine similar ‘products’ that
scientists are considering. Such resonances could be seen as an indicator that the
notion that publics can participate at the level of innovation is not as absurd as it is
frequently portrayed. Other forms of engagement could be developed that support
this kind of participation. During the Mutable Matter workshops, participants even
made suggestions themselves how such forms of engagement could look. These
considered the crossing of 'scientific' and 'everyday' spaces through sensory
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registers such as taste, smell (cooking) and sound (music), and the possibility of art
being 'done' by publics themselves (see Chapter 6).

Some of these ideas are reflected in some of the participatory activities available at
the moment. So far, such activities have often been the work of individual scientistartist collaborations. A project that has been offering publics to engage creatively
with nanotechnology is the ‘Nanoart 21' project (Orfescu, 2007a). The project, run
by scientist/artist Cris Orfescu, invites anybody to download STM images from the
Nanoart21 website and experiment with it artistically, whether through digital or
non-digital means (people have used the images as bases for sculpture). The results
can then be uploaded back onto the site with an explanation of the creative process
as well as the message or story of the image. The images are then made available
for public voting and commenting.

Figure 37: Example of ‘nano art’ from Nanoart21 (Orfescu, 2007a).
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Orfescu's project and his own artwork have attracted a fair amount of media
attention as well as commissions (op.cit.). The annual 'NanoArt Exhibition', staged
in different cities around the globe, attracts a combination of scientists, industry
representatives and academics (op.cit.). While the project could be accused of
functioning as propaganda tool for the nanotechnology industry or of being mainly
focused on building a niche art market, it could equally be taken as a valuable
model for attracting a sizeable audience every year, as not only the aspiring nanoartists themselves engage with nanotechnology, but so too might the voters and
commentators be inspired to learn more about the images they are seeing.

Another example of a participatory, ‘sensory’ project is Zoe Papadopoulou and
Cathrine Kramer’s ‘The Cloud Project’ (2009). Part of a Royal College of Art’s
‘What if…?’ exhibition, it is now showing at different venues such as the
Wellcome Trust, asking the question: ‘What if clouds were geo-engineered to snow
ice cream?’ As evident from this question, the project uses humour to engage
publics with serious future decisions.
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Figure 38: The Cloud Project van

Located in a blue ice-cream van, complete with ‘mind the nano particle’ signage,
the project invites publics to choose their personalised ice cream cloud flavour.
While the chosen ‘cloud flavour’ is being manufactured, the artists engage with
their ‘customers’ in conversation. As the artists write:

Developments in nanotechnology and planetary-scale engineering point to new
possibilities for us to conform the global environment to our needs. These advances
combined with a dream to make clouds snow ice cream have inspired a series of
experiments that look at ways to alter the composition of clouds to make new and
delicious sensory experiences. Using ice-cream as a catalyst for interesting
dialogue, the project’s focus is to welcome people into a mobile space that sits
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outside institutions, letting new audiences experience and imagine emerging
scientific developments and their consequences (Papadopoulou and Kramer, 2009).

The Mutable Matter participants' suggestion of using sound has also been realised.
An example is the exhibition Blue Morph, put together by James Gimzewski and
Victoria Vesna, the curators of the 'nano' exhibition. In BlueMorph, a caterpillar's
transformation into a butterfly is sonically traced by amplifying the cellular changes
happening to the animal at the nanoscale. Audiences were further exposed to a
visualisation of the morphing caterpillar which turned into a Blue Morpho butterfly.

Figure 39: Image from Blue Morph

The installation attempted to render the nanoscale visible and audible by drawing
attention to the ways in which phenomena at our scale are affected by it – in this
case, visible transformation through our perception of colour. The installation was
accessible in a gallery space as well as online. Visitors to the gallery space
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interacted with the installation through being silent, to represent the calm phases
between bursts of metamorphic progress and to reflect on the 'magic' happening at
the nanoscale:

With all the noise of chattering technologies and minds, we propose the
interactivity to be stillness for in this empty space of nano we can get in touch
with the magic of continuous change (Vesna and Gimzewski, 2007).

The artists further suggested that the installation is also a provocation – to 'embrace
the absurd and in a surge of laughter recognize our limited human viewpoints'. Here
are two 'hooks' for audiences to creatively engage with: the everyday 'magic'
interactions with the nanoscale and the curious or even clumsy ways in which we
humans engage with them. Merging the participants' ideas with those behind
BlueMorph, future project could give publics the opportunity to become creative
with 'nano-sonics'. Examples could be publics amplifying nanoscale processes in
their immediate environment, requesting the recording of processes they are curious
about or manipulating sound carriers (such as compact disks) at the nanoscale to
listen back to the changes.

Art practice is of course not the only form that lends itself to more continuous
engagement. 'Virtual laboratories' have been suggested as another possible form of
participation (Schmidgen and Rheinberger, 2005.). The term virtual laboratories has
been used to express a number of different concepts. At the Max Planck Institute,

324

the 'virtual laboratory' consists of an academic essay database (Max Planck
Institute, 2010); at the Cité des Sciences et de l'Industrie it is described as
‘entertaining interactive facilities’ such as interactive animations, which allow
museum and website visitors to trace key experiments featured in the exhibitions
(Cité des Sciences et de l'Industrie, 2008b).

Figure 40: Virtual laboratory at the Cité des Sciences et de l'Industrie

Judging by the experiences of participants over the course of the Mutable Matter
project, the latter interpretation may be an interesting model to pursue for
continuing engagement. Struggling with nanoscale phenomena could not only serve
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to engage publics with the kinds of things scientists are dealing with in their
laboratories: virtual laboratories could become platforms on which remote or
playful experimentation takes place, accompanied by discussions. Tracing,
witnessing or remotely taking part in actual experimentation could be utilised to
explain nanotechnology, but also to enlist publics and other stakeholders as coresearchers. This co-research could look similar to the Mutable Matter workshops,
with the difference that the conversation data could feed into the scientists'
research.

Such opportunities for experimentation could also be given in actual laboratories.
Already, there are 'hands-on' workshops and open laboratories at places such as the
Science Museum Dana Centre or the Miraikan in Tokyo - which even offers life
sciences laboratory workshop (Dana Centre, 2010a, Miraikan, 2009). Such events
are mainly geared towards tracing known processes. New additions, however, have
started emphasising current research, such as the ‘open labs’ which have been
installed as part of museum (see Rodari, 2012:2). In these accessible laboratory
spaces, which have been introduced at the Deutsches Museum in Munich as well as
the Natural History Museum in London, scientists work '(part-time) in real time'
(Rodari 2010:2). Further, the aforementioned SymbioticA workshops suggest that a
different kind of public engagement may be possible, in which publics are invited
to engage more creatively with 'matter'. Again, such experiments could be
documented through online 'lab diaries', and travel around to involve different kinds
of publics.
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The pilot participants' suggestion of using Fimo to produce lasting objects for
exhibition or passing stories on to home visitors could also be explored. The idea of
'story carriers' has been explored by many artists, and, prior to Mutable Matter, was
explored by myself in two projects, Mutation and the Animal Lab (Last, 2003,
2006, see also Chapter 1). During both projects, participants produced ‘custommutated’ garments and 'genetically modified’ toy animals to stimulate discussion
outside the space of the workshops in which these objects were produced. Such
'story objects' do not necessarily have to be the outcome of art-practice based
workshops. Having witnessed the popularity of souvenir shops at CERN and the
Atomic Testing Museum, there also seems to be a possibility that their products T-Shirts, mugs, keyrings, posters, stationery, stickers, books, DVDs etc – could
literally serve as 'reminders' and possible hooks for future discussions involving
their purchasers and the spaces they are being taken to.

Figures 41 – 43: Souvenir articles: Superconductor key ring from CERN, Atomic
Bomb Wine cork and ‘Higgs Boson’ plush toy from the National Museum of
Nuclear Science and History Shop
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The production of 'stimulant' items such as postcards or even more flamboyant
items such as the quantum physics themed toys (The Particle Zoo, 2008) that make
their rounds on various subculture and mainstream blogs could be ways of
generating curiosity and 'stories'. ‘Actual’ stories have also been offered as a form
of engagement. The Deutsches Museum in Munich offers ‘story writing workshops
on future technologies’ which involves a tour of the museum, an immersion in the
subject and a subsequent session with science journalists (Deutsches Museum,
2010).

A further strategy has been to facilitate engagement in unusual places, as
investigated by projects such as Guerilla Science (2010). One of the Mutable
Matter pilot workshops took place under this umbrella at the 2008 Secret Garden
Party music festival near Huntingdon, Cambridgeshire. Guerilla Science was
allocated a space amongst typical festival activities such as face painting, shopping
and outdoor games. Over the three days of the festival, the project offered
presentations, films, discussions, hands-on workshops and 'surgeries'.
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Figures 44-45: Images from Guerilla Science

The activities were mainly directed at and attended by adults (although children
sometimes participated, too) and featured a large amount of playful
'experimentation', for instance, the dissection of a 'brain' cake or exposure to
experimental projections to explore the phenomenon of optical illusions. The
project proved extremely popular – during most sessions it was difficult to get a
space in the fairly large tent - and even prompted spontaneous contributions by
festival goers. These spontaneous contributors tended to be a mixture of
scientists/science students, activists and people interested in a particular topic they
wanted to discuss with a mixture of scientists and other non-scientists. Further
Guerilla Science projects have included a participation in a 'Secret Cinema'
screening of 'Blade Runner', which involved the restaging of several sets and scenes
from the film. The Guerilla Science people were part of the 'smoky eyeworks
laboratory' in which two scientists engaged cinema-goers with the question 'what
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makes us human' (GuerillaScience, 2010). Such events have already featured
discussions of nanotechnology and continue to do so.

Discussions could also be continued through more traditional media and institutions
such as newspapers, radio, TV and exhibitions. An example of using magazines to
sustain engagement is the New Economics Foundation's (nef) Open Up project
(2010). In Open Up, discussion is stimulated through the provision of maps –
included, for instance, as a magazine supplement - explaining a variety of topics
such as human enhancement or animal experiments. These maps give readers a
quick overview of a topic and invite them to construct their own argument. These
arguments can then be submitted back to nef who intend to compile and regularly
publish results on their website, thus potentially generating an interest in following
up on the current 'status' of the outcomes.

As the number of responses to the Mutable Matter Weblog posts on 'matter' themed
TV shows suggests, narrative science programmes aimed at adults could be a
further medium of nanotechnology engagement. Television companies could
produce 'science stories' featuring a mixture of historical material and the latest
science developments, perhaps along the lines of the BBC's 'Atom' TV
documentary (BBC, 2008), which explained the historical development of quantum
physics through biographical anecdotes of scientists such as Einstein and
Schroedinger, or BBC4's Material World, an upbeat science programme putting
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listeners in touch with 'research across disciplines' and, on occasion, inviting
listeners to participate in research (BBC, 2010).

Figure 46: Image from the BBC’s ‘Atom’ website

Further, exhibitions could be developed which are more specifically targeted at
inviting public contributions. Such exhibitions could look like cross between Latour
and Weibel's Making things public and projects such as nano, the Nanoscape and
Mutable Matter, inviting visitors to engage with nanotechnology through
interactive installations, text and areas where short workshops and discussions are
offered. Where Making things public aimed to involve its visitors as participants in
the re-imagination of political representation, a future exhibition on nanotechnology
or the nanoscale would offer participation in the re-imagination of public
engagement techno-scientific issues. The exhibition could invite visitors not only to
gain an overview or try out different participation 'models', but to contribute their
ideas about this kind of public engagement, thus giving publics an opportunity to
co-shape this process.
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As evident from these suggestions, most of the ideas have already at least been
partly considered and integrated into practices of public engagement. However,
they have not been considered as contributions to engaging publics with
nanotechnology long-term. Despite the emergent recognition of the 'importance of
non-deliberative, affective styles of presentation... without supposing that these are
wholly opposed to rational, reasonable, cognitive forms of justification' (Barnett,
2007:13), such forms of engagement have at best been regarded as supplementary
to standard forms of consultation. The question remains what else will sustain and
widen debate in the absence of a controversy or positive breakthroughs – and which
of these options is going to be considered suitable. The current focus on
social/ethical issues does not seem to leave many options for participation apart
from consultations, evaluations and debates that are likely to result in the same
outcomes as previous debates. Most significantly, it seems that publics expect
themselves to be able to have little or no influence on decision-making, no matter
how many opportunities are offered to involve them (see Gaskell, 2004). The kinds
of discussions that can currently be offered inadvertently produce this association
with futile participation. This is not to say that engagement with the 'social' side of
nanotechnology could not result in more empowering forms of participation.

Conversely, engagement with the materiality of nanotechnology could equally lead
to 'futile participation'. It would be easy to ignore the creative input of publics on
the grounds that they are not 'scientific experts' or that their views are shaped by
unrealistic goals and expectations. At the same time, it could be argued, that
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engagement with the materiality of nanotechnology would result not only in more
options for participation, but also in a more empowered position of publics. As
argued in the previous chapter, one of the reasons why public may feel 'futile' is
that public narratives of material interactions continue to be ignored or
misinterpreted. This situation can only be changed if there is a greater receptiveness
to different imaginations of materiality, especially that of an agentive matter. This
necessitates an exploration of public imaginations of material and socio-material
interrelationships to gain a better understanding of criticisms of current decisionmaking practices around new technologies and other techno-scientific issues. It also
necessitates that different sorts of imaginations are explored with publics and
brought into dialogue with one another. Such creative explorations could generate
the kinds of narratives that might sustain and widen engagement with
nanotechnology at its early stage of development.

Conclusion

In this chapter, I have addressed the question of how to sustain and widen public
engagement with nanotechnology. I began by describing how the dissatisfaction
with the limited scope of the last wave of nanotechnology engagements has led to
the pessimistic outlook as to whether an interest in the issues surrounding
nanotechnology can be sustained outside of a controversy. By returning to other
sites of nanotechnology engagement such as museums and science fairs, but also to
other experiments in deliberation, I suggested that these areas have been much
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more optimistic about their ability to widen and sustain engagement. Moreover,
they appear to be exchanging experiences and 'techniques'. I moved on to relate
some of the experiences with establishing and running the Mutable Matter Weblog,
which accompanied the project and aimed at engaging publics with different
imaginations of materiality. I compared the blog's approach with the online
experiments of other projects, such as the Nanodialogues' official site and
scientists’ personal public engagement blogs. I argued that blogging has, so far,
been both an under-appreciated and an inappropriately hyped part of
nanotechnology engagement, in the sense that it has been under-used, but at the
same time has been advertised as an easy solution to furthering the debate. I
suggested that online engagement should remain a possible, but not sole, focus of
future engagement efforts. The final part of the chapter returned to the theme of
enabling publics to 'imagine nanotechnology' through experimentation. I drew
attention to proposed and existing efforts to engage publics creatively with
nanotechnology and the nanoscale, suggesting that participation through exploring
the materiality and material possibilities of nanotechnology may be one of the keys
to continuing the debate. I concluded that such experimentation needs to be
supported in order to generate new narratives of ‘upstream’ engagement.

No matter which approach is followed, sustaining and widening public engagement
with nanotechnology will remain a challenge. This challenge lies not only in the
complexity, obscurity and invisibility of nanotechnology, but in the conflicting
goals that public engagement with nanotechnology has set itself such as fulfilling
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democratic principles, managing potentially adverse public opinion and achieving
long-term change in science-society relations in the future. These goals need to be
re-examined in terms of their interference with each other when it comes to the
continuation of the debate around nanotechnology. Further, in order to convene
publics around nanotechnology, 'infrastructures' and modes of communication may
need to be re-evaluated as opportunities for 'exceeding' imagined channels of public
discourse. Again, a lot appears to hang on the interpretation of 'active' and
'scientific' citizenship, and on which forms of participation qualify. Currently, the
selection of models seems to be too narrow, preventing platforms of creative
engagement with nanotechnology from being recognised as contributions to the
debate. Particularly, if 'active' citizenship is to remain the goal of public
engagement with nanotechnology, publics need to be enabled to participate in more
than risk evaluation. They need to be involved in the co-imagining of common
futures. Ultimately, public engagement with nanotechnology must make decisions
about how it wants to interpret the concept of 'active citizenship' – as verbal
deliberation in controlled spaces or as a variety of critical, creative and potentially
'unbounded' forms of participation (see Davies, 2010b). As I will show in the
concluding chapter, the outcome of this decision will most likely decide whether
public access to scientific spaces will be supported in the future. Further, I will
show how this access may be linked to openness to an agentive matter.

335

Conclusion

'The most simple and mundane gestures can produce very complicated curves'
(Michel Serres in Serres and Latour, 1995:65).

In this thesis I have argued for an engagement with institutional and public
imaginations of materiality, because they influence the ability of publics to
participate in decision-making around ‘invisible risk’ (Beck, 1992a:21). I have
further argued for an experimentation with playful, sensory methods as a means of
supporting public participation in this area. I began by pointing out that
nanotechnology engagement tends to cast nanotechnology as an immaterial
phenomenon that is only 'real' to the sensory apparatus of science. This
inaccessibility of the materiality of nanotechnology to the public's unenhanced
senses is believed to create a vacuum which incites irrational and harmful
imaginations, a reaction which public engagement seeks to contain. I suggested that
despite recent efforts to bring 'science' and 'society' into dialogue with each other,
the negative perception of the relation between invisible 'matter' and publics
contributes to a widening of the gulf between the two realms, effectively creating a
barrier to public participation in scientific debates.

Drawing on recent social-scientific theories of materiality which challenge the
image of matter as an invisible and inert backdrop to human action, I proposed that
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the evolving recognition of matter as agentive may promote a rethinking of public
engagement with nanotechnology. The exploration of the materiality of the
nanoscale as well as its complex interrelations with 'our' scale could help publics
access and interact with this 'immaterial' scientific space. Looking at the debates
following the first wave of nanotechnology engagements, I pointed to the
difficulties of embedding such a focus on materiality. I identified the main obstacle
as public engagement's uncomfortable relationship with science communication.
Here, the fear of retreating to the 'deficit model' – the idea that publics' lack of
scientific knowledge is the cause for their resistance to new technologies – has
moved facilitators to downplay the relevance of 'material' interrelations to the
debates around new technologies. I showed that attempts to find a more viable basis
for public engagement such as exploring the social and cultural aspects of science
have not prevented the question of how to deal with the 'technical aspects' of
nanotechnology from troubling current and future projects.

In search of examples of what an engagement with the materiality of
nanotechnology could look like, I moved towards the space of the museum where
projects such as nano and the Nanoscape have attempted to increase access to
nanoscale phenomena through interactive multi-sensory installations. I drew
attention in particular to the use of sensory experimentation as a means of
stimulating public imaginations of nanotechnology. Such activities are
progressively being shaped by the desire of museums and artists to take their
experimentation beyond the space of the museum and influence decision-making
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around new technologies and other techno-scientific issues. Drawing parallels with
calls for the playful, sensory methods of art practice in recent social theory, I
suggested in the following chapter that these calls are motivated by similar goals of
accessibility and invention, but also resistance to appropriation and persuasion. I
argued that, while many of these calls for art practice based methods appear to be
based on an idealised notion of art and the art-maker, they succeed in
problematising the exclusion of certain forms of engagement from deliberation.

These analyses formed the basis for the development of the experimental
nanotechnology engagement Mutable Matter which was described and evaluated in
Chapter 6. The Mutable Matter project used playful engagement with materials which represented different nanoscale phenomena -alongside dialogue to encourage
a more creative mode of participation across the spaces of 'science' and 'public'. The
outcomes of the project demonstrated that the method used as part of Mutable
Matter encouraged a playful, yet critical engagement with nanotechnology which
went beyond the evaluation of scientific visions. The attention of the project to
material interrelations allowed participants to experiment with different
imaginations of the materiality of nanotechnology. This led to participants arriving
at their own visions and ‘innovations’, supporting the projects argument that
publics are able to participate further upstream.

The following chapter focused on how the Mutable Matter project's approach could
contribute to the debate around widening and sustaining public engagement with
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nanotechnology. In particular it addressed the paradox of wishing to prevent a
controversy through public engagement, while recognising that controversy
engages publics. After pointing to proposals for continuing participation through
exhibitions or interactive online communications, I discussed the experience of
running of the Mutable Matter Weblog which accompanied the project and offered
further opportunities to engage with material interrelations. I proposed that creative
engagements with the materiality of nanotechnology – whether these happen faceto-face or online - present a key opportunity to move away from risk evaluationorientated forms of participation, towards involving publics in a process of coshaping nanotechnological trajectories. I ended by suggesting potential alternative
engagements such as virtual laboratories that could complement discussions and
involve greater numbers of publics in debates. I further concluded that future
conceptualisations of deliberation may need to recognise multiple, creative modes
of participation in order to successfully convene publics ‘upstream’.

The thesis presents an attempt to integrate current social-scientific theories of
materiality into public engagement with nanotechnology and, by extension,
‘invisible risk’. Through its attention to theory as well as methods, the thesis makes
two contributions to knowledge. By drawing out the interdependency of
imaginations of materiality and political participation in the earlier chapters, the
thesis shows how imaginations of materiality impact on publics’ capacity to
participate in decision-making around new technologies that are classified as
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‘invisible risk’. The latter part of the thesis proposes how the theory could be
embedded into methods of public engagement, which contributes to the field of
experimental methods which has currently received much attention in geography as
well as science and technology studies and other public engagement related
discourse.

The first part of the thesis brings together two areas which have not fully been put
into dialogue before: different theories around 'matter' in the social sciences, and
academic and practitioner research around public participation. While there has
been research addressing the role of imaginations of materiality for decisionmaking around new technologies in general, such as Adam and Groves' 'Future
Matters' project (2007), analyses of the relations between such research and public
engagement have not yet been undertaken. Other studies in this area, such as recent
analyses of 'biopower', have focused on materiality and governance, for instance,
by tracing how developments in biology continue to impact on ideas of citizenship
(Rose and Novas, 2004) and by commenting on the affects the 'dangerous
becoming' of an agentive matter carries in its wake (Dillon, 2007:24). Mutable
Matter’s problematisation differs in that it traces the impact of an agentive matter
on what is regarded as active participation in politics. As geographers have pointed
out, new 'invisible' risks have been accompanied by the arrival of an uncomfortable
‘sociality’ of matter (Clark, 1998a:367, Hinchliffe, 2001). Somewhat paradoxically,
new technologies are exploiting a resourcefulness and liveliness of matter which, at
the same time, is seen as a hindrance to the desired control over matter (Clark,
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1998a) and as a danger to political life. Going back to Ulrich Beck's concept of
'invisible risk', inapprehensible danger invokes images of an invasive,
uncontainable matter which is perceived as non-governable. Likewise, public
images of an agentive matter remain outside the sphere of good 'active citizenship'.
They are classed as stubborn oppositions or, at best, as 'unstable' affects projected
onto matter (see Anderson, 2007:163).

The problem continues to be ignored by many social scientists who have difficulties
reconciling an agentive matter with 'political issues' such as risk management. The
social scientific idea that 'matter does not help us' (participant, Matterealities
workshop, Lancaster University Sociology Department, 2007) echoes the policymakers' attitude mentioned in Chapter 3 that 'it's not nano-particles we need to
govern, it's the people making them and using them' (see Stilgoe, 2007:30). Matter
is 'unsocial'. As Karen Barad writes, the world continues to be separated into 'one
set of material practices that makes science, and another disjunct set that makes
social relations’ (Barad, 2007:168). Therefore, matter has no place in politics –
other than as a raw material (see Adam, 1998). Another example of ‘apolitical
matter’ is the anxiety about nanotechnological futures, which, for many social
scientists, is less related to a potential 'grey goo' scenario than to the anticipated
‘reduction of life to matter’ - the world being turned into the apolitical image of life
as ‘atoms and relations between atoms’ (Anderson, 2007:164).
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This fear of a reduction to matter is not shared by governors of nanotechnology. In
their world, matter tends to be envisioned as a substance fabricated, controlled and
used by a certain group of citizens. As Richard Jones has pointed out, the matter of
nanotechnology is frequently portrayed as ‘hard and rigid’ as opposed to the more
exuberant or ‘soft, wet and floppy’ biological matter (Jones, 2004a:2).
This matter does not figure much in policy-making, again, unless handled by or
affecting people: matter is unsocial. An agentive matter would demand a very
different relationship with policy, which is, essentially, what public engagement
with nanotechnology seeks to contain. Matter as 'produced and productive,
generated and generative' (Barad, 2007:137) turns the ‘substance’ social or, as I
would argue, anti-social. Anything but un-social, if sociality is defined by an ability
to interact (see also Hinchliffe, 2001). An imagination of matter as agentive
presupposes a different kind of perception of the world – as a space of complex
interactions across different ‘levels’ of materiality. Were such an imagination
introduced to policy-making, it would require a rethinking of how risks are
managed. Currently, risks from new technologies are cast as 'uncertainties',
primarily because of their novelty. Otherwise, risk management remains ‘business
as usual’: minimisable through precaution, 'safety measures' and various forms of
testing. Risk-management based on an agentive materiality would need to consider
more far-reaching, boundary-crossing, complex trajectories - not only of a spatial
nature. It would need to consider matter as having, as Adam and Groves propose,
‘ranges of potential futures – which play themselves out in inherently unpredictable
ways, across many different temporal scales’ (Adam and Groves, 2007:132).
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This generative, indeterminate capacity of matter is reflected in many non-scientist
visions of material interrelations which speak of nanoparticles ‘doing’ things or
escaping the control of scientists. The recurring characterisation of these visions as
‘irrational’ or ‘dangerous’ is what this research is contesting. Instead of being cast
as a hindrance to political participation, the thesis proposes that such imaginations
of matter should be re-interpreted - as active citizenship. This form of active
citizenship is typified by participation beyond the desired measure required for
citizen juries and other forms of risk evaluation. Such a ‘pro-active’ democratic
participation sits uneasily with existing frameworks of risk management.
Participation beyond the 'normal' limits of policy or science engagement has also
been highlighted as a challenge by Davies (2010b) and Kearnes and Wynne (2007).
For Gail Davies, the challenge lies in negotiating or overcoming the 'preformat[ting
of] possible actions' (Davies, 2010b:4) that accompanies scientific citizenship.
There are institutional restrictions to public participation, to public curiosity. Using
the example of the 'Overt Research' art project, which seeks to encourage publics to
'probe places' of 'secret' research through playing with the privilege of scrutiny
these institutions assert (White, 2009), she raises the question where the official
cut-off point of creative participation is located (see Davies, 2010b).

At the moment, as Kearnes and Wynne argue, the ambition is to produce active
citizenship by fostering ‘rational enthusiasm’ within ‘the public’ (Kearnes and
Wynne, 2007:138). This mode of citizenship is hoped to be supported by the
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'methodological rationality of deliberative methods' (Kearnes and Wynne, op.cit)
which are considered antidotes to the emotional and irrational public responses that
stand in the way of active citizenship. The kind of rationality that is worked
towards in these engagements has been criticised for promoting an unhelpful
‘abstract mode of knowing’ which denies an articulation of complex material
interrelationships (see Adam and Groves, 2007:98).
Mutable Matter incorporated this criticism into its methodological approach. By
showing that playful, sensory engagement can provoke humorous, yet critical
engagement, the project blurred the boundaries of critical, 'rational' debate and what
is generally categorised as inappropriate and ‘confusing’ humorous conversation
(see Habermas, 1982:271). The project outcomes further support the argument that
fostering public imaginations of a lively materiality can make a valuable
contribution to public engagement with new technologies. Through giving creative
input at an early stage of technological development, publics would be able to make
a much more significant contribution. This does not mean that the method makes
publics actively and uncritically support innovation. As the workshop conversations
demonstrated, being implicated in the innovation process does not turn people into
complicit subjects: co-innovation is not synonymous with ‘buy in’. What the
process is more likely to do is to allow publics to become involved as early and
actively as they wish to be. As the workshops also showed, not all publics may
wish to participate this far 'upstream'. Some participants, however, especially in the
official projects, clearly expressed the desire for a more active role in decisionmaking.
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Involving publics at the level of co-imagination and co-innovation would require
changes in existing systems. The most crucial change would be a shift from the
short-term goal to ensure buy-in, towards long-term, 'sustainable action' (Adam,
1998:10, see also Adam and Groves, 2007). This strategy is likely to require new
engagement platforms, perhaps along the lines of Mutable Matter - which tried to
provide a starting point by showing what such an engagement could look by like.
Through its emphasis on exploring agentive materiality through art practice-based
methods, the research has been able to address this question. The central concern is
the so-called 'democratisation of innovation' that was unsuccessfully attempted
during the third Nanodialogues experiment. Contrarily to the conclusions of the
Nanodialogues researchers, the outcomes of the Mutable Matter project have
shown that the invisibility or the difficulty of accessing the technology in question
does not have to be an obstacle to public debate. This result is particularly
significant as the same problem also hinders debate around other 'invisible risks'
such as synthetic life.

By stating that publics can debate ideas that normally fall into the realm of the
scientific, the project can easily be accused of trying to devalue scientific expertise
or claim that publics can provide the same input as scientists. This was never the
intention of Mutable Matter. Rather, the project is concerned with the way the
inaccessibility of the materiality of new technologies impacts on the status of public
imaginations of this materiality. The most serious consequence is that these public
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visions are perceived as simple signifiers of fear. Regrettably, this understanding
reflects a more general trend towards a 'fear-full rationality of publicness' (Mahony
et al, 2010). The Mutable Matter workshops challenged this entirely negative
perception of public imaginations of materiality by demonstrating that these visions
draw on a variety of sources and involve complex negotiations of different
materialities and material interrelations. Instead of representing 'handicaps' (Latour,
2005) or irrational visions of ‘bodily invasions’ (Macnaghten, 2010:28), these
imaginations were reinterpreted as creative contributions to how nanotechnology
could be understood, produced and governed.

This reinterpretation of 'public materialities' does not mean that fear is, or should,
be absent from visions of new technologies. Publics do worry about consequences.
In fact, such concerns or ambiguity about the introduction of new technologies can
be an important driver for public engagement (see Kearnes and Wynne, 2007). Yet,
as projects such as 'Governing at the Nanoscale' kept emphasising, such fears are
held by all publics, and these include scientists (Kearnes et al, 2006:14). What the
research is challenging is the idea that public engagement with new technologies
has to revolve exclusively around concerns. In particular, it seeks to develop an
alternative to the limiting evaluation-based processes that characterise much of riskrelated engagement. While evaluation is certainly a necessary part of public
participation in decision-making, not the least because of the ease of its integration
into existing risk administration frameworks, it appears to prevent a creative
reconsideration of current framings of ‘public input’. The closest to a creative
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contribution that publics can achieve is a confirmation or rejection of suggested
legislation. My research stresses that the opportunities to engage with the
materiality of new technologies are important because such activities allow publics
to become part of interactions and debates normally reserved for scientists and
product developers. The introduction of playful, sensory methods presents one
possible way of rendering the materialities of other scales more tangible and
supporting publics in articulating their vision of material interrelations. This
capacity to generate visions of the materiality of new technology could become part
of future strategies which understand public engagement as a process of involving
all stakeholders in the co-shaping of innovation trajectories.

Apart from obvious limitations of policy-orientated public engagement such as
result-orientation, one reason for a lack of support for explorations of materialities
is the insufficient recognition of publics' curiosity and their willingness to engage
with 'science'. As lay publics are generally believed to be disinterested in or
opposed to science, the opposition between 'science' and 'public' is set up from the
beginning. The Mutable Matter research argues that such a default separation of
'science' and 'public' may not be justified. This does not mean that there are no
scientific constituencies or publics conforming to this perception, but that the
boundaries are far less defined. The Mutable Matter workshop outcomes suggest
that there is considerable curiosity about the materialities of new technologies participants mentioned listening to programmes such as the BBC’s Material World
or pondering the implications of experiencing the world with a different sensory
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make-up. This is rarely acknowledged. Two suggestions have been made as to why
this may be. During the Nanodialogues conference, Hilary Rose proposed that
public engagement creates ‘the public you wish to engage with and the public you
don’t want to engage with’ (H.Rose, 2007). She criticised public engagement
strategies for wanting to involve ‘real people’ - publics who seem to be defined by
their lack of certain kinds of knowledge or opinions about science and technology –
while trying to exclude `lobby groups’ and other opinionated citizens who are seen
as possessing scientific knowledge. In a related way, Andrew Barry, in his critique
of interactive science engagement, identifies a tension between what people need to
know and what they want to know (Barry, 2001:134). Lay publics are expected to
have different interests from the government – and from the kind of interests a
‘scientific citizen’ is supposed to have. This also applies to the modes of
engagement: non-scientist citizens are expected to favour entertaining forms over
more sober forms of communication. According to Barry, the government sees
itself as the entity that transmits knowledge to reluctantly educated lay publics,
whereas lay publics who are already educated or knowledgeable would disturb this
imagination. The same could be said to apply to policy-orientated engagement: its
non-expert publics are believed not to take to this form of debate, and especially not
discussions of ‘esoteric’ nanotechnology. Unlike their scientist counterparts, it is
not considered that these publics may be curious about nanotechnology. Instead,
they are imagined as being more interested in discussing the technology’s ‘social
impact’.
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At the moment, most policy-makers do not see any reason why publics should
discuss the materiality of nanotechnology. ‘Why would you want to engage publics
with the nanoscale?’ was a common reaction to this project. As pointed out in
Chapter 3, policy-makers primarily require input from scientific experts to make
judgements about the regulation of risk (Stilgoe and Wilsdon, 2007). The output of
public engagement projects is already difficult to integrate, as it does not fit
conventional frameworks. Public discussions of the materiality of nanotechnology
fit these frameworks even less – they represent unnecessary information. Worse,
they come to be seen as obstacles to governance. As mentioned earlier, this
perception seems connected to the problematic status of the agency of matter,
particularly the reluctance to recognise public visions of an agentive matter.

My research suggests that, rather than fearing the potential impact of visions of an
agentive matter, a creative engagement with the materiality of new technologies
may be important for political participation. The thesis further argues that this may
be particularly important when it comes to sustaining and widening engagement
(see Chapter 7). At the moment, the modes of deliberation are centred around
dialogue on topics such as ethics and societal impact. The resulting discussions can
only be taken so far without having a clearer sense of what nanotechnology might
be capable of doing. This was also noted by participants in the official
engagements, who asked: '[h]ow can you decide the ethics of something that is so
far removed from what it might be used for?' (participant in Stilgoe and Kearnes,
2007:8). Offering publics, instead, the position as co-explorer or co-experimenter
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might be a more meaningful – or at least complimentary - form of ‘upstream’
engagement.

The research further contributes to a wider experimentation around the
methodological challenges an agentive matter poses, addressing fledgling
experimentation around both research and engagement methods: how do we
include, research, write about these new relationships (see Davies, 2010a)? The
Mutable Matter workshops concentrated on exploring one possibility for including
conceptualisations of agentive materiality in institutional and research contexts:
playful, sensory engagement. The tactile methods used during the workshops
promoted an awareness of the physicality of the forces and relations that are
increasingly receiving attention in geographical and social scientific writing.
Looking at Mutable Matter as a prototype, the research calls for more
experimentation directed at making these forces, connections, intra-relations visible
or tangible to a diversity of audiences. The thesis argued that rendering these
phenomena accessible is an important step towards their consideration or inclusion.

The conditions for such methodological experimentation look increasingly
promising. For many authors who argue for the recognition of an agentive
materiality, the question of method is also an ethical relation (Barad, 2007:33;
Adam and Groves, 2007:140). This has begun to impact on the strategies of
geographers and other social scientists. Dissatisfied with being confined to the role
of evaluators, geographers have are increasingly keen to create interventions
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themselves (see Davies, 2010b). As an example, the geographers involved in public
engagements with new technologies appear to be motivated as much by the
opportunity to observe and analyse such projects, as by the prospect to embed
geographical theory in these projects. This embedding appears to be partly strategic
and partly shaped by sense of curiosity about what difference it might make. As
Gail Davies writes: 'For social scientists, the experiment is increasingly conceived
less as what can be known through precisely controlled conditions, and more about
creative forms of world-making' (Davies, 2010a). This certainly seems to be the
case with Bruno Latour and Peter Weibel’s ‘exhibition experiments’. Just as the
writing of this thesis came to an end, Latour announced that his new exhibition
would be an experiment in communicating the concept of nature and its continued
bifurcation into 'scientific' (primary) and 'sensory' (secondary) qualities (Latour,
2010).

Mutable Matter, too, is an experiment in world-making. Participants were
intentionally enlisted as co-experimenters in a process that had no definite outcome
and was open to their shaping. Looked at from this perspective, experimentation is
a process that gives publics and researcher-facilitators the opportunity to make
creative contributions to a contested issue. The project workshops, however, also
hinted at the possibility that the process of experimentation can be disconcerting for
participants and facilitators. The uncertainty of an experiment's outcomes is one of
the main reasons for this discomfort. In Mutable Matter, for instance, it was never
predictable how participants would respond to the method in each session.
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Although certain themes kept re-appearing, sessions varied in content and style.
This variability is a disadvantage if this method wants to be accepted extended into
an official setting, where more consistent outcomes may be demanded. This also
may confuse participants who have involuntarily been 'trained' through previous
engagements - or even research projects - to expect certain processes and outcomes.
Many Mutable Matter workshop participants admitted they had expected
questionnaires, interviews, debates - anything but plasticine.

There is also the issue of facilitation: not only will potential facilitators have to
respond to a variety of public visions of materiality, but they have to navigate
diverse areas such as science, science policy-making and sensory methods.
Further, facilitation (and analysis of workshop outcomes) has to consider dynamics
between participants, for instance, regarding the performance of scientific
knowledge, and regarding interrelations between participants and materials. Most
importantly, it has to be acknowledged that facilitation co-shapes the process and
the outcomes. To use Karen Barad’s term, the facilitator becomes an apparatus –
along with the materials, the engagement itself and the participants - who/which
makes particular ‘cuts’ or ‘boundaries’, and thus engages in meaning-making
(Barad, 2007:148). An example is the facilitator's or evaluator's sensitivity to
particular framings.

Such considerations are also relevant to other fields which engage with
participants/interviewees handling materials in the research process. As suggested
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in Chapter 5, there is a tendency in areas such as sensory methods to look past the
impact of materials (and of other people handling materials) in favour of
concentrating on what is being said during these interactions. What is it that certain
interactions produce – what kind of environment, dynamics or data?
There is also a tendency to ignore what kind of effect working with materials - and
interacting with other people around these materials - may have an effect on power
relations. Materials can be used to empower or disempower participants in public
engagement, in the research process. In the Mutable Matter workshops, their
function was to ‘democratise innovation’ through promoting access to the space of
scientific expertise, but materials (even the same kind of materials), in combination
with different facilitation, could equally be used to show how participants are
unable to participate in innovation. Materials, as part of the method, co-produce
outcomes.

The research also highlighted a concern about the potential appropriation of
experimental methods such as play-based engagements by stakeholders such as
government and industry. As discussed in Chapter 5, the intention to embed
experimentation with materiality into public engagement with new technologies
could lead to the impression that social scientists are actively being employed as an
‘apparatus’ for diverting controversy. The popularity of experimental methods is
already attracting sponsorship from governmental and non-governmental sources,
fuelling claims that new methods are merely devised to persuade publics. Even
social scientist involvement in public engagement can be is interpreted as a sign of
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complicity with industry or government. At the same time, it could be argued that
the arrival of the social scientist/geographer as an advocate of agentive materiality
and creative interventions has the potential to transform this impression. One reason
is likely to be the reputation of experimental (especially plauful) approaches for
being more resistant to appropriation. This resistance may be largely illusory,
judging by the recent popularity of ‘experimental methods’ in official projects. On
the other hand, the difficulty of integrating to integrate these methods into existing
'processing frameworks' is well documented (see Chapters 3 and 5).

Especially variability is regarded as a disadvantage if a method wants to be
extended into an official setting, where more consistent outcomes may be
demanded. Mutable Matter -style workshops are likely to result in a great variety of
imaginations of materiality. These are not just the product of participants or
participant-material interactions. Again, the role of the facilitator has to be
considered. For example, the workshops place considerable demands on the
facilitator in terms of being knowledgeable about art-practice based methods, as
well as a range of physical phenomena. The running of the Mutable Matter
workshops was only run by one facilitator, myself, so it was not possible to gain a
sense of how different facilitators with different backgrounds would impact on the
results. However, it is important to pay attention to this influence on conversation
content.
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In terms of acceptance, the Mutable Matter project itself encountered reluctance of
official frameworks to process experimental methods on several occasions. For
instance, it took several months of communications to overturn the decision of a
faculty-external panel to refuse access to participants on the grounds that the
project's method had 'no educational benefit’ (Student Research Project Panel,
2008). During this time, the value of the methods had to be verified through
statements of support from several senior academics including the dean of social
sciences. In addition, the proposal had to be redrafted to include and emphasise the
use of more conventional methods (survey, interviews) to complement the
experimental component. It could be argued that public engagement is more open
to new methods than academia, considering the variety of unusual participation
methods such as ‘Future Search’47 that are going in and out of fashion. However,
playful and hands-on methods still seem to be widely considered as inappropriate.

The reluctance to engage publics more playfully and creatively is an issue that
affects other areas of public engagement, such as town planning48. As argued in
Chapter 5, this resistance appears to stem from a mixture of disbelief in the
effectiveness of experimental/improvisational methods and a discomfort with the
kind of input that is generated in these engagements by publics. Currently, the role
of publics is confined to a very specific area: that of social commentators on

47

Future Search is a several-day-long story-based workshops aimed at finding ‘ideal future
scenarios’ and ‘common ground’ (Future Search Network, 2003).
48
The 'People Making Places' project tackled the lack of recognition for playful, hands-on methods
through architectural model making workshops in which … citizens could experiment with threedimensional future visions of the city (Powell, 2004).
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scientific expertise. This is also reflected in the kind of ‘playfulness’ that is
considered appropriate in public engagement such as discussion games where
players vote on or create their own policy options. These scenarios see no need for
publics to cross into the territory of scientific experts. Resistance also comes from
publics who doubt the legitimacy or sincerity of playful/experimental methods or
find improvisational approaches to serious issues inappropriate. This situation
results in a constant necessity to seek 'permission to be playful’ (Briers, 2004:61),
whether it is from government agencies, industries or publics. Connected to this is
the under-theorisation of experimental methods, particularly playful, tactile
methods, not only within the social sciences. It is evident that simplistic
justifications of playful, tactile methods (‘playing around is good') or their
application as a 'quick fix' are not helping them gain acceptance. Bringing
theorisations of materiality and theorisations of sensory methods into dialogue with
each other could offer new ways for re-imagining playful, sensory methods and
creating awareness around their value.

The Mutable Matter project proposed a very particular re-imagination of playful,
sensory methods, which necessitates a shift from a focus on human relationships
towards a focus on material or human-material interrelations. As shown in Chapter
5, previous theorisations of methods involving play and sensation have almost
entirely concentrated on 'man as maker' [sic] (Sennett, 2008). Even when material
relationships are discussed, it is the human body that takes centre stage. Often, the
body is portrayed as an extension of the human brain. As Richard Sennett phrases
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it: 'making is thinking' (Sennett, 2008:ix). Playful, sensory methods have also been
subject to psychoanalysis which, again, focuses on human consciousness (Roos and
Statler, 2004). More recently, neuroscience has been called upon to illustrate the
ways, the senses and the brain work together (Thrift, 2004). This thesis argues that
the consideration of an agentive matter can form a fertile basis for rethinking the
input of materials into the creative process. How – and to what degree – do we have
to engage with materials as co-participants? An example is the blurring of bodymaterial boundaries that has been suggested by some ‘theorists of matter’ (Chapter
2). What happens at these 'interfaces' and how could this be relevant for how we
think about - and use - sensory methods? And, if the materials we are working with
have an effect on our body and our thinking, how does that affect our idea of
dialogue?

Here, the research could turn to the work of philosophers such as Serres, Bakhtin
and Deleuze and Guattari who suggest in different ways that this indeterminate
boundary of body and 'world' and the connections that are made at this interface,
create conditions for 'invention'. According to these approaches, invention is not
something happening in the human brain (alone), but occurs as the result of more
distributed human-material interactions. For these authors, playful, sensory
methods are less about persuasion than about resistance – or rather about a more
generalised generativity. If sensation is conceived of as a dialogue between body
and 'material', the material component, if not the body itself, implies a move outside
the sphere of the easily controllable. Applied to public engagement, such
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considerations could thus lead to sensory methods becoming sources of participant
empowerment. It could equally be argued, however, that it is the utilisation of an
excluded practice that produces empowerment. It could be argued that
empowerment through playful, sensory methods is already experimented with,
albeit in a different context. As stated in the earlier discussion of 'active citizenship',
methods promoting an agentive matter can be perceived as anti-social. The same
could be said for playful, sensory methods. Examples of 'uncomfortable
participation' are activities such as 'guerrilla' gardening or 'guerrilla' craft, which sit
on the boundary between active, democratic participation and civil disobedience.
Such collective, creative practices convene publics, but are perceived as 'counter
culture' despite their desire to contribute to the enhancement of public space. Again,
these activities could be recast as more-than-active citizenship. Peter Weibel, one of
the curators of 'Making Things Public' goes as far as describing craft and other nonhigh-art practices as 'civil democratic media' (Weibel, 2005:1034-5).

What my research also draws attention to is the current separation within spaces of
sensory engagement. In the Mutable Matter workshops, sensory methods helped to
render 'invisible' and 'intangible' materialities accessible. While sensory methods
have been employed in the social science to explore 'intangible' concepts such as
identity (Gauntlett, 2007), they have not been considered for the exploration of
invisible materialities. In this area, the social/science boundary remains intact:
social science uses sensory methods to discuss social relations; science engagement
uses sensory methods to explain material relations. As Davies (2010a) argues,
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social scientific methods experimenting with the materiality of 'scientific spaces'
such as the molecular have the potential to unsettle the methodological separation
between the two spaces. Mutable Matter tried to show that such a bridging between
scientific and social scientific experimental methods can, indeed, contribute to
bringing these spaces into dialogue with each other. Moreover, it has shown that
these methodological experiments can have applications beyond the reach of the
academy and, as in the case of Mutable Matter, benefit areas such as policy
engagement.

On a practical level, the project has proved that such experimental public
engagement does not have to be complicated or expensive and can build on many
existing channels. Mutable Matter type workshops could run in a variety of
institutional contexts, such as museums, community centres and even outdoor
spaces (one pilot session took place in a tent at an outdoor music festival). If run by
established institutions such as museums, NGOs, universities or even artist
collectives, such workshops could reach larger audiences. Workshops could also
be complementary to other activities such as citizen juries. This is not to say that
the method developed for the Mutable Matter workshops is the only possibility that
should be pursued.

There are several possibilities for where this research could be taken next. One is to
develop methods for different 'invisible risks' based on 'symbolic experimentation'
or even 'real' experimentation. Examples are the two projects that preceded Mutable
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Matter, the Animal Lab (2006), which engaged with genetic engineering, and
Mutation (2003) which looked at the link between the human desire for perfection
in the context of environmental issues such as pollution. Future projects could
develop methods for issues such as synthetic life, or, at the other end of the scale,
geo-engineering. The latter possibility was discussed in two Mutable Matter
workshops, Nottingham 1 and Leeds 1. In both workshops, participants suggested
that debates around climate change and geo-engineering are permeated by the same
kind of anxiety about public opinion that surrounds the more obvious 'invisible
risks'. For the Nottingham participant in particular, climate change was portrayed as
a matter of belief, because the phenomenon is so complex and outside the human
scale of experience that the data and phenomena seem too difficult to be interpreted
conclusively. He suggested that sensory methods could help to understand some of
the 'science' necessary to follow the debate.

Again, examples of such alternative engagements with mitigation of and adaptation
to climate change are already there, albeit on alternative platforms. While official
debates appear to revolve around climate data, CO2 reduction and the evaluation of
various methods to counteract climate change, design exhibitions, art galleries,
blogs and other online platforms such as BLDG, gizmag or TED are filled with
visions of floating homes, artificial reefs, roof farms, new forms of transport and
personal energy sources. Such idea hubs are constantly growing in popularity and
involve an increasing number of people both on- and offline through discussions
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and experimental 'open source' projects such as 'Open Sailing'49 (Harada, 2009).
Local hubs such as community initiatives also provide places to exchange ideas.
Other efforts have been directed at stimulating feelings of care for the planet
through 'affective' engagements (O'Neill and Whitmarsh, 2009).

A related task would be to look for ways of embedding such experimental methods
in policy-orientated engagement, but also in other sites of public engagement.
Already, the Mutable Matter project has inspired workshops at the
telecommunications museum in Oslo where visitors are going to be invited to
visualise their imaginations of radio waves and electromagnetic fields (Ellefsen,
2010). In the policy context, an integration of Mutable Matter style methods is
likely to be more complicated. One difficulty is the issue of communicating these
methods to relevant institutions in an appropriate format and to negotiate potential
modifications which may be necessary in an official setting. What may make the
methods more interesting for policy-orientated engagement is their potential for
sustaining and widening public engagement. A question that poses itself in this
context is: what kind of audiences would such an engagement attract and what kind
of engagements could be devised to continue debates? Another question that would
need to be looked at is how different publics would respond to playful, creative
involvement if it became part of policy-engagement. Would the new platforms
supporting these kinds of activities get the same response as alternative platforms?
Or are alternative forums needed to house this kind of debate?
49

Open Sailing invites volunteers from around the world to contribute their skills to the building of
an independent international ocean station. This involves anything from carpentry to designing
alternative energy sources. A related project is ‘Open Architecture’ (2010).
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A final suggestion for future directions of this research is to look at how to
incorporate experimental methods, especially playful and sensory methods, into the
research practice of the social sciences and humanities. In the social sciences, this
work has been started through projects such as 'Engaging Geography' (Exeter),
'Experimentality' (Lancaster), 'Creative Research Methods' (Westminster),
'Affective Methods' (Cardiff), 'Experimenting with Geography' (Edinburgh) and
‘Spaces of Aesthetic Experimentation’ (Oxford). Such events contribute to
assembling a body of past and present experiments and to building support
networks for researchers interested in using experimental methods. Future activities
could include the formation of an online exchange hub where researchers can
upload information about their projects to learn from each other's experiences. They
could focus on activities such as developing theories around playful, sensory
engagement, or on establishing dialogue with research on experimental social
movements such as 'guerrilla craft' to investigate relevant parallels.

In conclusion, this thesis has shown how theories and imaginations of materiality
have a real effect on public participation. This has been illustrated through
examples from public engagement with nanotechnology in the spaces of policymaking, the museum and art-science projects. Each of these spaces relate to
different ideas around the capacity of publics to imagine matter. By illustrating how
public participation can be enhanced through supporting the potential of a public
imagination of an agentive matter, this thesis has provided a starting point for
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theoretical as well as methodological experimentation. Regarding the former, it has
suggested that the social sciences need to be sensitive to the diversity of public
imaginations of material interrelationships. Regarding the latter, it has proposed
that methods can be developed to further increase this sensitivity. The thesis
research has particularly stressed that playful, sensory methods informed by
theorisations of an agentive materiality can make significant contributions to public
engagement with nanotechnology and, potentially, with other techno-scientific
issues around which publics have yet to convene. The method developed in the
course of the Mutable Matter project presents a prototype for an integration of
theoretical conceptualisations of material interactions into an institutional context.
At the same time, this project, because of its advocacy of a different concept of
materiality and of experimental methods that support an engagement with different
imaginations of materiality, challenges current ideas of public participation in
decision-making on new technologies. This tension is as much problematic for its
integration into official contexts as it is useful. Where it may be most useful is that
it presents an opportunity to re-think what public engagement with 'invisible risks'
really wants to achieve. In terms of future research I have to agree with Michel
Serres that there is still an 'adventure to be had' - in helping to uncover and making
public our visions of material interrelations.
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Appendix 1 – Events attended
1.1 Public engagements & post-engagement events attended
‘The environment would be fine if only scientists were in charge’
ESRC Festival of Social Science, RELU
9 March 2007, Royal Academy of Engineering, London.
With: Matt Walker (New Scientist), Bill Sutherland (Cambridge), Mark Avery
(Royal Society for the Protection of Birds), Susan Owens (Cambridge), Andy
Stirling (Sussex, STEPS)
Purpose: observation
‘All talk? Nanotechnologies and public engagement’
Institute of Physics, London
26 June 2007
With: James Wilsdon (Demos), Jack Stilgoe (Demos), Brian Wynne (Lancaster),
Anne Dowling (Cambridge, Royal Society/Royal Academy of Engineering),
Richard Jones (Sheffield, NEG), Richard Wilson (Involve), Sir John Beringer
(Bristol), Pierre-Benoit Joly (INRA), David Guston (Arizona), ‘Public
Participants’, Sir David King (scientific advisor, UK Government), Sheila Jasanoff
(Harvard), Doug Parr (Greenpeace), David Edgerton (Imperial), Ben Goldacre
(Guardian, ‘Bad Science’), Hilary Rose (Bradford), Andy Stirling (Sussex)
Purpose: Observation, Interviewing
‘Is public science a public good?’
Portcullis House, London
15 May 2008
Demos Event
With Phillip Moriarty (Nottingham), Ben Goldacre (‘Bad Science’), Terence
Kealey (Buckingham), John Pethica (National Physics Laboratory), Ian Gibson
(MP), Phil Willis (MP), Jack Stilgoe (Demos)
Purpose: observation
CERN Open Day
6 April 2008
Sites visited: CMS experiment, tunnel housing accelerator ring, Meyrin main site
Purpose: Observation, Interviewing
DESY - Deutsches Elektronen Synchrotron (German Electron Synchrotron)
Biggest German Research Centre for Particle Physics, Hamburg
6 September 2008
Public Tour
Purpose: observation
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Guerilla Science
Secret Garden Party Festival, Huntingdon, Cambridgeshire, UK.
24 – 27 July 2008
Purpose: pilot workshop, participant observation
Nanotechnology Showcase
BERR Conference Centre, London
Host: The Department for Innovation, Universities and Skills (DIUS) and
Department of Business Enterprise
Supported by the Institute of Nanotechnology, the Institute of Physics, the Institute
of Engineering and Technology, the Institute of Measurement, the Institute of
Mechanical Engineers, KTNs and DIUS.
2 October 2008
Purpose: Observation
Milton Keynes Science Festival 2008
Milton Keynes Shopping Centre
25-26 October 2008
Purpose: Pilot workshop, observation
Creative Research Methods In Social ResearchWorkshop
Supported by ESRC National Centre For Research Methods
City University, London
1-2 December 2008
With: David Gauntlett (Westminster), Fatimah Awan (Westminster)
Purpose: Participant Observation

1.2 Other events attended
‘Science and Art - How to Understand Failure and Accident’
Tate Britain Talk
07 February 2007
With Sian Ede (moderator), Cornelia Parker (artist), Patrick Haggard (Institute of
Cognitive Neuroscience & Department of Psychology), Marcus du Sautoy
(Professor of Mathematics, University of Oxford), Adrian Rifkin (art historian)
(art-science research)
‘Micro and Nanotechnologies for Food – a Healthy and Safe Option?’
Albert Franks Memorial Lecture
Royal Society, London
18 January 2008
(nanotechnology applications, science communication/debate)
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Techno Bodies; Hybrid Life?
Dana Centre, London
22 January 2008
(engagement with controversial new technologies)
Grand Débat: Michel Serres
Théâtre Vidy-Lausanne, Switzerland
7 April 2008
(Michel Serres talking to/discussing with publics)
Open Tech 2008
University of London Union
5 July 2008
(observation: public engagement with new technologies, participation strategies)
Open Tech 2009
University of London Union
4 July 2009
(observation: public engagement with new technologies, participation strategies)
‘Creative collaborations with superorganisms’ Simon Park
Tesla Talks, University College London
25 June 2009
(micro-organisms/matter as co-artists/experimenters)
‘Creating the organisms that evolution forgot – An ‘Any Questions?’ debate on
synthetic biology
London School of Economics (LSE)
26 November 2009
With: Quentin Cooper (BBC Material World), Nikolas Rose (LSE), Phillip
Campbell (Nature), Paul Freemont (Imperial), Richard Kitney (Imperial), Hugh
Whittall (Nuffield Council on Bioethics), James Wilsdon (Royal Society)
(public engagement with controversial new technologies)
Kryolab – Anna Dumitriu, Dave Lawrence
Tesla Talks, University College London
19 February 2010
(art science)
‘Beyond the Academy – Research as Exhibition’
Tate Britain Symposium
14 May 2010
With: Bruno Latour, Noortje Marres, Felix Driver, and others
(boundaries between art, research and engagement)
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1.3 Exhibitions visited
Helio Oiticia
Tate Modern, London
September 2007
(example of hands-on modern art)
Louise Bourgeois/Doris Salcedo
Tate Modern, London
October 2007
(use of materials)
In-security
Red Cross Museum, Geneva
5 April 2008
(communicating ‘invisible risk’)
CERN Microcosm
Meyrin
6 April 2008
(visualising subatomic science)
Le Grand Recit de l’Universe/The Great Story of the Universe
Cité des Sciences et de l'Industrie
9 April 2008
(communication of matter)
L’Homme et les genes/’Man and his genes’ [sic]
Cité des Sciences et de l'Industrie
9 April 2008
(negotiating controversy, communicating ‘invisible risk’)
Survival/ Plasticity/ Listening Post
Science Museum, London
1 May 2008
(negotiating with controversy, communicating ‘invisible risk’)
From Atoms To Patterns
Wellcome Collection, London
18 May 2008
(visualising atoms/communicating nuclear/nanoscale science/’invisible risk’)
Atomium Exhibition
Brussels, Belgium
August 2008
(visualising atoms/communicating nuclear/nanoscale science)
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Doctor Atomic (Opera)
Clapham Picturehouse (live transmission from New York Metropolitan Opera),
London
8 November 2008
(visualising atoms/communicating nuclear/nanoscale science/’invisible risk’)
Roger Hiorns ‘Seizure’ Installation
Elephant & Castle, London
17 November 2008
(matter as co-experimenter/co-artist)
Cildo Meireles
Tate Modern, London
12 January 2009
(hands-on, interactive art, focus on sensation)
Atomic Testing Museum
Las Vegas
25 March 2009
(visualising atoms/communicating nuclear/nanoscale science/’invisible risk’)
Innovation and the Future/ Promoting Medicine Together/ The environment and me
Miraikan, Tokyo
24 May 2009
(discussion exhibits)
Radical Nature/Aquatecture Talk
Barbican Centre, London
27 August 2009
(open source experimentation)
eARTh
Royal Academy of Arts, London
5 December 2009
(comparison with communicating ‘large scale’ risk)
Dark Places/Technology & Secrecy Bus Tour
John Hansard Gallery, Southampton
23 January 2010
(controversial science engagement)
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Appendix 2
Timeline of UK Nanotechnology Engagements

2004-6 Nanotechnology, Risk and Sustainability, Moving Public Engagement
Upstream/ Governing at the Nanoscale
Funded by ESRC
Facilitated by Lancaster University, Demos
2005
NanoJury UK
Supported by Greenpeace UK, The Guardian, IRC in Nanotechnology (University
of Cambridge), Policy Ethics and Life Sciences Research Centre (PEALS),
Biotechnology and Biological Sciences Research Council, Nano2Life,
FRONTIERS network
2005-6 Smalltalk
Funded through Copus grant
Supported by British Association for the Advancement of Science, Royal
Institution, ECSITE (European network of Science centers and museums),
Cheltenham Festival of Science, Think-Lab
2005-7 Nanodialogues
Funded by Sciencewise
Facilitated by Demos, Lancaster University
Supported by Environment Agency, Biotechnology and Biological Sciences
Research Council, Engineering and Physical Sciences Research Council, Practical
Action, Unilever
2006-9 Deepen
Funded by the European Commission
Coordinated by Durham University
2007
sciencehorizons (new technologies including nanotechnology)
Funded by the DIUS Sciencewise programme,
Facilitated by Dialogue by Design, the Graphic Science Unit, BBC Worldwide
Interactive Learning and Shared Practice
2009- Nano & Me
Online project
Supported by Department for Innovation, Universities and Skills, currently seeking
funding (2010)
Coordinated by Responsible Nanoforum/MATTER (Making New Technologies
Work For Us All), Together Agency of Nottingham
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Ongoing Projects
1997- Institute of Nanotechnology
Charity for education about nanotechnology and for nanotechnology related
training
2007- Democs/Decide game
Democs was developed by the New Economics Foundation (nef)
Decide is currently (2009-11) supported by the European Commission
Co-ordinated by nef, ECSITE, Sissa Medialab

European Projects with UK involvement
2005-7 NanoDialogue
Funded by the European Commission
Co-ordinated by Wuppertal Institute, EMPA, Forum for the Future,
Triple Innova
2005-7 Nanologue
Funded by the European Commission
Co-ordinated by Fondazione Idis - Città della Scienza (Italy); Associazione MQC2
(Italy); University of Westminster - Centre for Study on Democracy (United
Kingdom); Ecsite (Belgium); Centre de Culture Scientifique, Technique et
Industrielle de Grenoble (France); Flanders Technology International Foundation
(Belgium); Deutsches Museum (Germany); Universeum AB (Sweden); Ciência
Viva - Agência Nacional para a Cultura Científica e Tecnológica (Portugal); Ahhaa
Science Centre (Estonia), Fundació Parc Científic de Barcelona (Spain)
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Appendix 3
3.1 Recruitment – Project flyers

3.1.1 Postcard front

3.1.2 Postcard back
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3.1.3 Second project recruitment flyer
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3.1.4 Alumni Newsletter Call for Participants

3.1.5 Workshop Timeline

29 September 2008

Nottingham 1

24 October 2008

Leeds 1 (3-5pm), Leeds 2 (5-7pm)

30 October 2008

Walton Hall 1 (11am-1pm), Walton Hall 2 (1-3pm)

05 December 2008

Nottingham 2

24 January 2009

Southampton

16 February 2009

Camden
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3.2 Mutable Matter Participant Form

Course/PI number (if applicable)
___________________________________________________________

 Male

Female

 Don’t want to say

Age Profile
18 – 25

 26 – 35

 36 – 45

 46 – 55

 56 – 65

 over 65

 Don’t want to say
Occupation(s)
____________________________________________________________

Science background
 Yes

 No

 Don’t want to say

To what extent do you consider yourself environmentally active?
On a scale of 1 to 5 please circle the appropriate
Very
1

2

3

4

Are you a member of an environmental organisation?
If so which one(s)?
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Not at all
5

3.3 Participant data
Group sizes
Camden: 4 participants
Leeds 1: 3 participants (1 cancellation)
Leeds 2: 1 participant (1 cancellation)
Nottingham: 1 participant (2 cancellations)
Nottingham 2: 1 participant (1 cancellation)
Southampton: 2 OU students (1 cancellation)
Walton Hall 1: 3 participants
Walton Hall 2: 1 participant (arrived late for Walton Hall 1)
Cardiff: (2 cancellations)
Form data
Gender:
10 female
6 male participants
Age distribution:
4 between 26-35
2 between 36-45
5 between 46-55
5 between 56-65
Professions:
administrator, civil servant, competency advisor, engineer, musician, photographic
technician, post-doc (Humanities), radio scheduling assistant, retired (3), teacher,
unemployed (conservation), writer/IT project manager.
Science background:
Participants considering themselves as having
Science background: 9
No science background: 6
(No answer: 1)
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Environmental activism:
Extent of environmental activism:
Very
(1): 1 participant
(2): 4 participants
Average (3): 7 participants
(4): 2 participants
Not at all (5): 2 participants
Organisations named:
World Wildlife Fund (3 participants), Friends of the Earth (2 participants),
Greenpeace (1 participant) and local conservation and alternative technology
charities (1 participant).
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3.4 Workshop data
3.4.1 'Inventions' during Parts 1-4 (number of participant number in brackets)

Part 1

Part 2

Part 3

Part 4

Camden

Wound-dressing (3),
robot companion for
blind people (4),
Labyrinthium ('designer
atom') (2), 'something
that get everything else
messy' (1)

Nano Food stuff (4),
traffic 'cones' (multipurpose nano traffic
constructs) (2), a very
dense metal (1), barrier
against the 'something
that gets everything
else messy' (3)

Mexican’
Alcohol without
molecule (1),
the bad side
superstring
effects
confectionery (3),
glue (4),
Brownian motion
turbine (3),
encapsulating in
carbon nanotubes
(3), transit tube
(2),

Leeds 1

Communicating particles
(1), switch from atoms
for electronics/
computing (2), filter/
anti-slip mat (3), joking
about ‘butterscotch
kidneys’ and

Molecular tunnel (2),
nano abrasive for
getting things 'super
smooth' (3),
expansion on models
from part 1 (1, 2, 3)

expansion on
models from
Phase 1
(1, 2, 3)

(only
discussions)

Leeds 2

Nanoscale 2D 'plant'
expansion on models
denizen ('natural
from part 1, making
occurrence, not
them more '3D'
necessarily man-made),
DNA, space farms,
continuous molecules in
space (e.g. for space
elevator to get resources)

expansion on
models from part
1, living nano
fossil

microbes that
eat plastics

Nottingham 1

Electronics: how do you
hold atoms in place?

cancer cell
destroying
nanobot,
experimenting
with materials to
find suitable
analogues for
nanoscale
phenomena

Viruses

(discussion only)

(discussion
only, but
invention of a
global nonprofit
monitoring
organisation for
new
technologies)

Nottingham 2

Carbon detector

organic computing

(discussion only)
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(experimenting
with materials
to find suitable
analogues for
nanoscale
phenomena)

Southampton

-

-

a nano application
that changes hair
colour or nail
varnish (2)

-

Walton Hall 1

photosensitive material
that could help blind
people, electronic paper
(3), cancer detection (1),
using nano to learn about
interconnectivity
between species
communities (2),
electronics ('and gate'
etc) (3), something that
imitates the function of
the rainforest (1) (taking
carbon out (1), pump out
oxygen, keep soil in
place (3) etc)

Duplicating plant
(only discussions) (only
communities (2),
discussions)
(changing materials by
moving atoms) (1)

Walton Hall 2

An outdoor shelter (but
not with nano)

(spirograph)
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(waterfilters)

3.4.2 Discussion topics
Camden
Phase 1
Phase 2
Phase 3
Phase 4

how far is imaging led by what scientists are expecting? … and what does it sound
like? Electron writing, periodic table predictions for the 'gaps'
representation of STM data, uncanny materials such as super-dense metal, novel
products being potentially distracting through unusual properties
parody of technology marketing, using nanoscale forces in the designs, scale (can you
go smaller etc), copyrighting
how actual nano designs might work, already commercially active nano, potential
worries, nanotechnology and art (could you engage people through smell etc), scale,
intuitive science (e.g. cooking), what would happen to society if everybody had
matter compilers?, using nano to engineer the risk out of harmful substances

Leeds 1
Phase 1

Phase 2
Phase 3
Phase 4

Where does the geography come in?, scientists have patronising attitude, comparison
of STM images with audio data (e.g. geology), atom/matter evolution, matter as
primordial
Just discussion of the ‘strange’ images
Comparison with models already made by the participants (what features can stay and
what would need to be altered)
Difficulty of imagining something from atoms, how humans perceive their
environment (sensory limitations), thinking in other dimensions, how to imagine
matter (as letters, web etc) and atoms and particles (balls, waves etc), using waves in
nano designs, what people might be worried about (grey goo, body invasion other
than from viruses), how far would the removal of impurities go?, leeway/junk DNA
use?, technological development often positive, but also has frightening sides, nothing
happens in isolation, environmental remediation/geo engineering, technological fix,
differences of nanoscale phenomena, examples from geology (continental drift
'nothing is static', materials changing across time), 'consensual reality', communal
focal points, people imagine bad things if they are not told how something works

Leeds 2
Phase 1

Phase 2
Phase 3
Phase 4

Are things being simplified for non-scientists to the point of being wrong? Using
natural 'technology' as a model (e.g. insect metallic shine for car paint), thinking in
other dimensions, other laws (e.g. a two-dimensional world, which different time),
creating plants that harness the sun, shelter houses, space farms/elevators, resources,
energy, wind power, what we can do in the meantime until we have better solution to
environmental problems, different mentality about environment/energy in different
countries e.g. US.
Probabilities, particle physics (there seems to be 'nothing')
Science Fiction, (talking about the 'plant' model that is made)
How medical nanobots work, what is/constitutes life?, organic/ inorganic boundary,
human/animal boundaries, Big Bang, relationship matter/body, change (we/things are
changing all the time), so-called 'tampering with nature' has its good and bad sides,
misunderstandings, climate change, people like the 'horror' side of nano etc, designing
for short or long term, recycling vs waste, technological fix might come along, but
might not, media (people want a good story), all things should be discussed/ taken in
to consideration
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Nottingham 1
Phase 1

Phase 2
Phase 3

Phase 4

STM image: chance of distribution rather than image?, suggestion of including
'oobleck' in the materials, making things smaller, faster, but how to make stable?,
difficulties of representing/visualising forces
Tunnelling, representations not objects in the image, toxicity, self-assembly, DNA
programming
How medical nanobots would work, even scientists sometimes forgetting the
environment around their equations, how the forces at the nanoscale could be
portrayed
More difficult to determine danger, because of invisibility even to scientists, chemical
communication, systems biology, matter evolution, quantum physics issues, parallels
with programming (trying to visualise information through object orientated
programming), thinking about thinks in philosophical terms if you don't know maths,
'dread risk', people seem to have a general idea of what's going on, but not enough
hazard testing with 'invisible' risks, thinking about photons/phonons, science
knowledge vs having to belief experts/in one's own ideas, people can't take years off
to learn science necessary for debates, inability to visualise cosmological scale, or
very complex systems, inability to comprehend or compute large volumes of data
(e.g. climate data), visualising nano machines, engineering viruses/bacteria, bondinganti-bonding, harmonics/music as an analogue, energy, merging of visual and handson, more software/computing paralells, finding more ways of portraying nanoscale
forces

Nottingham 2
Phase 1
Phase 2
Phase 3
Phase 4

Discussion about the model (carbon sensor)
'maybe you could move what's in the images?'
We tend to ignore what's going on around them... when we look at shapes
How certain nano designs work, some applications may make people redundant (e.g.
self-cleaning glass), risk/benefit of nano in cosmetics, risk versus not knowing how a
lot of even familiar things work, imitating 'natural' inventions/'nano', people not aware
of introduction of some new technologies, investment in nanotechnology, media:
difficult to discuss new technology until concrete things can be said, money versus
precaution, precautionary principle, people don't trust governments - idea: global nonprofit organisation that monitors the introduction of new technologies, difficult to
maintain ethics, to test things, trying to make less damage until a better way is
found/change of habit occurs, governments have to make it easier for people to make
environmentally friendly choices

Southampton
Phase 1
Phase 2
Phase 3

Phase 4

(description of what images appear like)
(description of what images appear like)
MEMEs, no concerns about nano safety, risk ambiguous: DDT use in UK/Africa,
alternative kinds of engagement not useful: too difficult or people just move on to the
next, nano needs a 'killer application' to become essential, everyone will go for
cosmetic/gadget applications, nano won't do anything big, uneasiness around mobile
phones/microwaves
How are these things powered?
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Walton Hall 1
Phase 1
Phase 2
Phase 3
Phase 4

Comparisons to Star Trek inventions, electronic paper vs hardcopies habits (how you
read etc), plant networks, stem cells/chimeras, impurities
How images affect what we can imagine making, changing the material by moving
atoms, plant communities
Difficulties of imagining all of the conditions at the nanoscale when you are making
something, nano medicine
danger of perfection/desire to control, inability to control nature/ disasters, limited
human influence on the environment: failure of control, losing touch with
environment, some nanotechnology development seem like computer game, playing
around, curiosity about when it's actually being made, intelligence of natural
evolution design versus human design, use artificial rapid/random evolution?,
nanotechnology warfare concerns

Walton Hall 2
Phase 1

Phase 2
Phase 3

Phase 4

Humans cannot affect nature, depend on nature, science and nature are different
tracks, humans should focus on nature, comparisons of images to beadwork etc., manmade/ natural matter, people trying to do nanotechnology: downfall of humanity,
nature is a gift, danger of perfection, keeping people safe with design
Ability to make such images
No one can think like nature, nature is portrayed as something very dark sometimes
(e.g. Harry Potter): should not be portrayed like this, earthquakes: not horrendous:
people are building on the wrong sites, what should be done: making the environment
safer rather than emphasing its dark side, have to keep imperfections, money is in the
way of beneficial technology
Science is frightening, out of control, reason: money, people are being tested on
(vaccines etc), too much emphasis on prevention, antibiotics given too easily,
experimentation on black Africans by medical companies, we have simpler
technologies: e.g. mosquito nets, herbal remedies, make waterfilters, better healthcare
rather than high-tech, fine tune things that we've got instead of thinking up 'far out'
things: it's not progress, perfection, against cosmetic surgery, science has no
conscience (tests, experiments), no respect for other organisms (violates them), things
have been produced by nature for a reason, some scientists may not be like this, but
are not acknowledged, harm being done if technology is given to people who are
uneducated, if people live forever, we become a thing/robot, admires scientists, but
danger how far they go, you can't live by chance all the time, some discipline is
needed, scientists have too many toys/ideas: get confused on which to focus, get
distracted from what is already there
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3.4.3 Modelling

Camden

Leeds 1

Leeds 2

Nottingham 1

Nottingham 2

Southampton

Walton Hall 1

Walton Hall 2

Modelling
Strategy

Part 1

Part 2

Part 3

Part 4

Different
inventions each
session (all)
Adding to one
model with each
phase (2
participants), 1
participant
adding to
model, but also
making new
models
Adding to two
parallel models
with each phase
Focusing on
portraying the
environment of
the nanoscale
through several
models in each
phase (Phases 3
& 4)
Focus on one
model created in
the first session
No modeling,
but one of the
participants was
distractedly
playing with
plasticine,
though not
project directed
Moved from
making
individual
designs to
adding to a
communal
model
One-off design
of something
nanotechnology
free

Enthusias
m for
modeling
No
hesitation

Modelling
continues

Modelling
continues

Modelling
continues

Hesitation, no
modelling

Modelling
continues

Modelling
continues

Hesitation,
modelling

Modelling
continues

Modelling
continues

Modelling
stops

No
modeling

Drawing

Modelling
starts

Modelling
continues

Hesitation,
modelling

No modelling

No
modelling

No
modelling

No modelling

No
modelling

No modeling,
references to
earlier model
No modelling

Some
hesitation,
modelling

Some
modelling

Some
modelling

Some
modelling

Initial
rejection of
modelling,

No modelling

No
modelling

Distractedly
playing with
plasticine,
making ‘dice’
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3.5 Workshop materials
Phase 3 Story
‘The Fantastic Voyage’ according to Richard Jones (taken from the book ‘Soft
Machines – Nanotechnology and Life’, 2004:54-55).
‘So let us imagine that we really could take a little submarine and shrink it down to
cellular dimensions, and then inject it into the bloodstream of our patient. What
would our intrepid nanonauts encounter when they turn the engine on and prepare
to explore their new nanoworld?
The first thing that they would notice is that they would grind to a sticky halt, and
no matter how much they turned up the engine power they would not make much in
the way of forward progress. Water, at this scale, is not the freely-flowing fluid we
are used to at human dimensions; instead, they will find that their environment is a
sticky morass, many times thicker than syrup or treacle.
But just because our submarine cannot go forward, does not mean that it is
stationary. Our nanonauts will find their vessel pitching and rolling, jerked here and
there by jolts of all kinds, seemingly coming at them out of the blue.
And what is that on the windshield? It is like driving through a swarm of midges,
the squashed corpses of the unfortunate insects accumulating on the screen. The
nanonauts’ formerly clear view is blurred by little blobs of sticky stuff, and no
matter how hard they scrub with the windscreen wipers it just will not come off.
Soon, all the surfaces of the vessel are coated with a resilient layer. Analysis would
reveal that what we have here are protein molecules, which stick to the surface,
unfold, and stick together to form a robust two-dimensional film.
Finally, the jerking motion has carried us near a wall. Our steering is useless and
we are effectively without power, so we can do nothing as we are drawn inexorably
toward it. We come into contact and stick to it, and nothing we seem to be able to
do can push us away. Our fantastic voyage has come to an ignominious end.’
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3.6 Index of images
For more visual workshop data, please see the videos in Appendix 6
Camden Workshop
Phase 1

Labyrinthium Atom

Nano robot for the blind
at the nanoscale

Nano wound dressing

‘The thing that gets everything else messy’
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Phase 2

Mutable nano traffic features

Super-dense metal

Nano food whose flavour can be
determined by the buyer

Nano anti-virus barrier
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Phase 3

‘Mexican molecule’

‘Superstring confectionery’

‘Glue’

Transit tube elements
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Leeds 1 Workshop
Phase 1

Communicating particles

Nano switch

Nano filter

Phase 2
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Phase 3

Interconnectivity

Nano motor

389

Leeds 2 Workshop
Phase 1 & 2

Nanoscale two-dimensional life-form

Super-molecules for space
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Nottingham Workshop
Phase 2

391

Walton Hall 2 Workshop
Phase 1

Interconnectivity between species communities
(I was not quick enough to capture the other models before they became re-used.)
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Appendix 4 - A list of questions asked by the People’s Panel during
the first Nanodialogues Experiment
From Irving et al, 2006:44-45
Why are we finding out about this now?
Is nanotechnology being used to alter or manipulate DNA?
Do you get to touch them?
What are carbon nanotubes used for?
What does your lab look like?
When was this first discovered?
How far have we already come with nanotechnology?
How much further can this go?
Is there anything smaller?
Can we see it?
Have we been informed?
Was nanotechnology discovered by accident or were they trying to develop it?
How many scientists are there?
How can we make people more aware?
Could we ask companies if they use nano?
Who decides what the public should know?
Who will regulate nano research?
Who is regulating nanotechnology research?
Could we use GM regulation for nano?
Won’t different people use things in different ways?
Are there guidelines for living and working with nanoparticles?
How do we contain nanoparticles?
What is nanotechnology tested on?
Who will control it?
Who’s overseeing it?
Is it a pandora’s box?
Is it about nanoproducts or nanoprocesses?
Will there be unanticipated effects?
Who has a say?
Are we passive?
Are we letting a genie out of a bottle?
Have any of the elements you’ve been working with been unstable?
Are there any waste materials produced? And are they hazardous?
When we do an experiment, and get no effect, should we not just go to the next
stage?
What can we learn from animal studies?
Do nanoparticles break down? What happens to them?
Do benefits outweigh risks?
How do we establish risks?
How do we measure the toxicity of nanoparticles?
What is an acceptable risk?
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How do we model the implications?
Can we predict effects?
When cells/particles are manipulated to make them smaller, has the larger
cell/particle
been manipulated?
Will we become redundant in future years?
Can we become clones?
What are the moral issues? Life, death and humanity
What are the medical benefits?
What are the cosmetic benefits?
Why are people funding nanotechnology?
How much financial (and other) pressure are scientists under?
Who polices the scientists?
Is there a rush to market?
Can we reduce the monopoly effect of nanotechnology?
How do scientists work with the materials?
What instruments are involved?
How much does equipment cost?
What’s so different about being nano?
“Nanoparticles can be used to clean up …” Who’s saying this? How do they know?
Where do waste products go?
What about the Hemel Hempstead fire?
Is nanotech being used in human trials?
What else is there that people don’t know enough about?
Are people required to label it?
How does the cleaning process work? Is it sticky?
What if irresponsible companies hire consultants who aren’t regulated?
What about irresponsible companies?
Can a company discover a spill and deal with it themselves, without telling others?
How far can the nanoparticles travel?
Do we need to live half a km away to avoid ill effects?
Is the process of using nanoparticles for land remediation a quicker process than
other
methods?
Testing is still not conclusive that the particles themselves will have no long-term
effects.
Would the fact that it’s a quicker process mean that the safety issues may be
overlooked?
What’s the rush?
Are we part of the decision-making process?
Is this people’s inquiry just an exercise that’s going to be ignored? Will they use it
for the
Olympics anyway?
Is information sharing too informal?
Can we prevent soil erosion?
What safeguards are being put in place to limit pollution from using nano?
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What’s in place to prevent emissions?
Are the Environment Agency government-funded?
Are the Environment Agency working to protect society?
Is nanotechnology going to be used to decontaminate land which is being cleared
for the
Olympics?
What would happen if they wanted to use nano?
Is that why these workshops are being held for people in East London?
Will testing catch-up?
Is this a big problem?
How do the particles work?
Who should know?
How often is the technology used?
What unknown effects might it have?
Is there a register of what is going on?
Is there a register of contaminated land?
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Appendix 5 – Blog Data
All data from 24 November 2007 – 21 September 2010

5.1 List of blog posts published
Post title
Welcome to Mutable Matter
So why am I doing this project?
Why can’t you talk about
Quantum Physics?
Rearranging furniture with the light
switch – or why people teaching
quantum physics deserve a hug
Manufactured Earthquakes and the
Slopping Stones of Louise Bourgeois
Stain Removal Arcana
My (radio)Active Parents
Today’s Grammar rules…
Velcro Suits and Sticky Water
Atomic Perfume, Neutron Christmas
Musicals, Particle Zoos, and the Link
Between Mayonnaise and
Space Travel
Eight legged groove machines –
Matter on the radio
Dusty matters
Forget it all! (Richard Feynman
quote)
Tasty matters
Illustrating the invisible
Audible matter
The Mutable Master of Disguise
More tentacles…
Word of the day: Animalcules
Paper worlds
Ever wanted to see DNA?
Alien meets Kafka: Materialising
thoughts on the matter inside and
around us
Anarchic matter
Big Powers, Small Source – Comic
Book Heroes
Worlds Within Worlds
Why I like looking at metal surfaces
The Quark and The Jaguar
Salad Machines in Space
‘Getting your atoms about’ – On

Category
Project Updates
Project Updates,
Thoughts on matter
Thoughts on matter

Date
2007/09/24
2007/10/15

People,
Thoughts on matter

2007/10/18

Thoughts on matter

2007/10/19

Thoughts on matter
Thoughts on matter
Thoughts on matter
Project Updates,
Thoughts on matter
Thoughts on matter

2007/10/21
2007/10/21
2007/10/21
2007/10/22

Thoughts on matter

2007/10/26

Thoughts on matter
Thoughts on matter

2007/10/29
2007/10/29

Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter

2007/10/29
2007/10/29
2007/10/29
2007/10/30
2007/10/30
2007/11/01
2007/11/04
2007/11/08
2007/11/08

Thoughts on matter
Thoughts on matter

2007/11/09
2007/11/12

Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter
Thoughts on matter

2007/11/15
2007/11/16
2007/11/18
2007/11/21
2007/11/26
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2007/10/15

2007/10/24

cells, bits & atoms
Exploding Acorns and Mutable
Noodles –On Plant Love and Noble
Laureate Chefs
Me and my particle accelerator
Radio Recommendation
The third flower power revolution –
Sowing seeds of curiosity through
art/science collaborations
Less or more?
Does my bug look big in this? –
Microscopy, Distance and Power
This week’s ‘matter out of place’
Of Matter and Light – Photographing
the Invisible
Today’s Discoveries: Nanonaises
and Nano-noses
Artificial Life – ‘Fun things with
practical applications’
Unparticle Physics – More Matter In
the News
Project Update: Postcards, Flyers
& Pilot
This week’s mutable matter…
“What does this have to do
with geography?”
The many incarnations of water
Producing chaos until the cows come
home – The mutable matter of
‘The Fountain’
Mutable Matter of the Week:
Plush particles!
Musical Matter – Sonification
Total Lunar Eclipse
Requests taken
Interactive Project Pilot At The
Open University
Design and the Elastic Mind
Revelation of the Week: ‘Bacteria
Speak Molecular Esperanto’
Dance your research!
This Week’s Mutable Matter/Matter
Out Of Place…
Playing with Scale – Mutable Matter
pilot has finished
Watching Clouds & Racing Particles
– The Manifold Activities at CERN
Animated Plasticine at The
Oxford Trust
Lightly Seared On The Reality Grill –
Iain M. Banks’ “Matter”

Thoughts on matter

2007/12/02

Thoughts on matter
Thoughts on matter
Thoughts on matter

2007/12/03
2007/12/06
2007/12/08

Thoughts on matter
Thoughts on matter

2007/12/26
2008/01/05

Thoughts on matter
Thoughts on matter

2008/01/10
2008/01/11

Thoughts on matter

2008/01/18

Thoughts on matter

2008/01/25

Thoughts on matter

2008/01/31

Project Updates

2008/02/04

Thoughts on matter
Thoughts on matter

2008/02/06
2008/02/06

Thoughts on matter
Thoughts on matter

2008/02/12
2008/02/12

Thoughts on matter

2008/02/19

Thoughts on matter
Thoughts on matter
Project Updates
Project Updates

2008/02/19
2008/02/19
2008/02/21
2008/02/25

Thoughts on matter
Thoughts on matter

2008/02/26
2008/03/03

Thoughts on matter
Thoughts on matter

2008/03/04
2008/03/07

Project Updates

2008/03/13

Project Updates,
Thoughts on matter
Project Updates

2008/03/17

Thoughts on matter

2008/03/31

397

2008/03/28

Coming Up on this Blog: ‘Space
Od(d)yssey – An epic few days of
adventure and exploration’
In-Security – Materialising Radiation
Underground, Overground –
Exploring Unseen Things At CERN
Open Day
Aristoi & The Quiet Revolution –
Will Non-Science-Fiction-Fans Be
Engaged With Nanotechnology?
Of spoken and unspoken salads – An
accidental encounter with
Michel Serres
Talking rocks and upside down
planets – A day of strange matterings
at the Science Museum in Paris
Monday Matter
From Atoms to Patterns –
Communicating Ambiguous Science
Mutable Matter On Tour
(Im)mobilising The Nanoscale –
Early Musings On ‘For Space’
Visible Energies @ OpenTech
Mysterious sun or poisonous vapour?
Somewhat disconnected thoughts on
the history of imagining electricity
This weekend: Mutable Matter @
Secret Garden Party
Guerrilla Science Workshop
LHC in da house!
Request Post: Images from the
Universe ‘up and below’
Call for Open University Participants
Cha-Cha On The Nanoscale –
Mutable Matter’s Fantastic Voyage
Nano Image of the Week…
Quantum Cello & Cellular Dancing
DESY – Where Gods, X-Rays,
IceCube(s), Dinosaurs and
Nivea meet
Folding@Home
Bob Verschueren – Elemental
Creativity & Vegetable Atoms
Mutable Matter on Tour
Project Update
‘Atoms are for grown-ups’ – Mutable
Matter @ MK Science Festival
Serious Play – Some thoughts on
hands-on methods
Atomic Opera
Image of the Week: ‘Nanobama’

Project Updates

2008/04/11

Thoughts on matter
Thoughts on matter

2008/04/13
2008/04/14

Thoughts on matter

2008/04/14

People

2008/04/17

Thoughts on matter

2008/04/18

Thoughts on matter
Thoughts on matter

2008/05/01
2008/05/18

Project Updates
Thoughts on matter

2008/06/02
2008/06/25

Thoughts on matter
Thoughts on matter

2008/07/07
2008/07/18

Project Updates

2008/07/23

Project Updates
Thoughts on matter
Thoughts on matter

2008/07/28
2008/08/01
2008/08/04

Project Updates
Thoughts on matter

2008/08/10
2008/08/20

Thoughts on matter
Thoughts on matter
Thoughts on matter

2008/09/09
2008/09/15
2008/09/16

Thoughts on matter
Thoughts on matter

2008/09/16
2008/09/16

Project Updates
Project Updates
Project Updates

2008/09/23
2008/10/08
2008/10/28

People, Project
Updates
Thoughts on matter
Thoughts on matter

2008/10/31
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2008/11/07
2008/11/11

Life: From the Earth to the Galaxy
@ OU
The material as co-artist – Visiting
Roger Hiorns’ ‘Seizure’
Three more workshops
Public Lecture: Battlespace/s – Feral
Cities and the Scientific Way
of Warfare
Call for Participation: 25th Chaos
Communication Congress
Creative Methods Workshop
Project Update
Ada Lovelace Day Blog Event 24
March 2009
Spilling beyond the edges – A
morning of wading, crunching and
groping through Cildo
Meireles’ retrospective
Spatial Delights 11 March 2009
High Definition Moon Footage @
Science Museum (free!)
Last Mutable Matter Workshop
in London
Subatomic Writing
Mutable Matter says…thank you!
The Nano Song
Brief musings on
‘elemental relations’
Memory, music and magnetism:
Circuit-bending art-science
‘Mixed Drinks for Modern Times’ –
The Atomic Testing Museum in Las
Vegas, Nevada
CFP Open Tech 2009 – Work on
stuff that matters
Events – Society, Technology and
the City
Mutable Matter goes East
Hello from the Future – Will people
drink Urameshi Soda?
‘Star Maker’ Exhibition
Project Outcomes – Part 1 –
Workshop structure & Modelling
Project Outcomes – Part 2 – Themes
Natural Unruly Forms – An Evening
of ‘Creative Collaborations
with Superorganisms’
The Cloud Project – Creating
dialogue about nanotechnologies

Events

2008/11/11

Thoughts on matter

2008/11/17

Project Updates
Events

2008/11/20
2008/11/25

Events

2008/11/25

Project Updates,
Thoughts on matter
Project Updates
Events

2008/12/05

Thoughts on matter

2009/01/12

Events
Events

2009/01/19
2009/01/22

Project Updates

2009/01/30

Thoughts on matter
Project Updates
Thoughts on matter
Thoughts on matter

2009/02/10
2009/02/17
2009/02/24
2009/03/19

Events, People

2009/03/24

Thoughts on matter

2009/04/04

Events

2009/04/28

Events

2009/05/06

Project Updates,
Thoughts on matter
Thoughts on matter

2009/05/18

Events
Project Updates

2009/06/10
2009/06/14

Project Updates
Events, People,
Thoughts on matter

2009/06/14
2009/07/15

Events, People,
Thoughts on matter

2009/07/19
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2009/01/09
2009/01/09

2009/06/08

through ice cream clouds
Challenging Substance at
‘Radical Nature’
Oslo Cyclotron Sounds
Dialogue & the Science Museum
Dark Places Exhibition
Synthetic Biology Event @ LSE
eARTh – Climate change and the role
of the artist
Behind the scenes of
‘Mutable Matter’
On Fabricating Invisibility – The
Office of Experiments’ Secrecy and
Technology Bus Tour
Neutrino – Art – Engagement
in London
KryoLab@Tesla
Mutable Matter of the Week
Art-Science… Research?
Opentech 2010 Call for Presentations
Upcoming Event: Visual Culture and
Evolution Online Symposium
Whitechapel Gallery Salon: Matter
Matters I
Event: ‘Beyond the Academy –
Research as Exhibition’
The Experimental Society
PhD studentships
‘Do that thing that you do’ – More on
art & research… and exhibitions
Save Middlesex Philosophy
The Bubbles of Radio / Fictional
Radio Spaces
Mutable Matter @ OpenSpace
Update: Experimental Ruins &
Public Engagement
Cosmic experimentation
Open Tech 2010
Open University Studentship

Events,
Thoughts on matter
Events
Project Updates
Events
Events
Events,
Thoughts on matter
Project Updates

2009/08/28

Events,
Thoughts on matter

2010/01/24

Events

2010/01/25

Events
Thoughts on matter
Project Updates,
Thoughts on matter
Events
Events

2010/02/04
2010/03/12
2010/03/12

Events

2010/04/28

Events

2010/05/04

Events
Events
Events, People

2010/05/04
2010/05/12
2010/05/15

Events
Events,
Project Updates
Events,
Project Updates
Events,
Project Updates
Events
Events
Events

2010/05/16
2010/06/20
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2009/10/05
2009/10/31
2009/11/13
2009/11/25
2009/12/05
2010/01/18

2010/03/19
2010/04/01

2010/07/08
2010/08/26
2010/08/30
2010/09/02
2010/09/08

5.2 Blog visits
5.2.1 Months and Years
Jan

Feb

Mar

Apr

May

Jun

2007
2008

518

682

753

743

803

688

2009

919

811

979

730

735

868

2010

1,124

1,122

1,498

1,251

1,443

1,529

Jul

Aug

Sep

Oct

Nov

Dec

Total

1

210

654

592

1,457

721

720

1,683

901

825

710

9,747

856

998

1,239

1,361

1,376

978

11,850

1,313

1,318

990

11,588

Total: 34,642
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5.2.2 Average visits per Day
Jan

Feb

Mar

Apr

May

Jun

2008

17

24

24

25

26

23

2009

30

29

32

24

24

29

2010

36

40

48

42

47

51

Jul

Aug

Sep

Oct

Nov

Dec

Overall

0

7

22

19

15

2007

23

23

56

29

28

23

27

28

32

41

44

46

32

32

42

43

49

44
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5.3 Top posts
Title
Home page
Atomic Perfume,
Neutron
Christmas
Musicals
The many
incarnations of
water
Me and my
particle
accelerator
Bob Verschueren
- Elemental
Creativity
Rearranging
furniture with the
light switch
The third flower
power revolution
-…
Illustrating the
invisible
Lightly Seared
On The Reality
Grill - Iain
From Atoms to
Patterns - …
This week's
mutable matter...
The material as
co-artist Visiting Rog
About
Producing chaos
until the cows
come home
Mysterious sun
or poisonous
vapour? Some
Project Outcomes
- Part 1 Workshop …
Underground,

Overground – …
‘Getting your
atoms about’ –
…
Creative Methods
Workshop
The Quark and
The Jaguar
Talking rocks
and upside down
planets
Of Matter and
Light Photographing
the
Alien meets
Kafka:
Materialising
thought
So why am I
doing this
project?
'Do that thing
that you do' More on …
Of spoken and
unspoken salads An accidental
Why can’t you
talk about
Quantum Physics
Today's
Discoveries:
Nanonaises and
Nano
Contact
'Mixed Drinks
for Modern
Times' Memory, music
and magnetism:
Circuit-ben
Spatial Delights
11 March 2009
High Definition

Views
13,536
2,550

1,996

1,443

681

680

608
517
516
473
458
436
433
427

425

402
399

403

389
376
367
352

314

302

270

253

243

202

191
188
181

178
176
164

Moon Footage @
Science M
Challenging
Substance at
'Radical Nature
Salad Machines
in Space
eARTh - Climate
change and the
role…
Spilling beyond
the edges - A
morning of
Mutable Matter
of the Week:
Plush particles
Velcro Suits and
Sticky Water
Big Powers,
Small Source –
…
Revelation of the
Week: 'Bacteria
Speak
Exploding
Acorns and
Mutable Noodles
–O
DESY – Where
Gods, X-Rays,
IceCube(s), D
Stain Removal
Arcana
Word of the day:
Animalcules
In-Security –
Materialising
Radiation
Serious Play Some thoughts
on hands-on
This Week's
Mutable
Matter/Matter
Out Of
Manufactured
Earthquakes …

Dark Places
Exhibition
'Atoms are for
grown-ups' Mutable Matt
On Fabricating
Invisibility - …
Playing with
Scale - Mutable
Matter pilo
“What does this
have to do with
geography?”
Unparticle
Physics - More
Matter In the
The Cloud
Project - Creating
dialogue ab
Does my bug
look big in this? …
Natural Unruly
Forms - An
Evening of 'Cr
Aristoi & The
Quiet Revolution
-…
Hello from the
Future Art-Science…
Research?
Event: 'Beyond
the Academy Research as
Why I like
looking at metal
surfaces
Anarchic matter
Project Outcomes
- Part 2 - Themes
Ever wanted to
see DNA?
Request Post:
Images from the
Universe '

163
158
157

151

137
133
131

123

121

111
104
103
89

81

80

76
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76
76
75
72

72

71

70

69

66

65
63
63
62

61
58
56
50
50

Animated
Plasticine at The
Oxford Trust
Public Lecture:
Battlespace/s …i
Design and the
Elastic Mind
Quantum Cello &
Cellular Dancing
Monday Matter
Image of the
Week:
'Nanobama'
Audible matter
Synthetic
Biology Event @
LSE
Watching Clouds
& Racing
Particles –
(Im)mobilising
The Nanoscale –
…s
Events - Society,
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5.4 Links readers followed from the
blog

URL
en.wikipedia.org/wiki/
Radium_Girls
oobject.com/category/r
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levitated.net/p5/chamb
er/index.html
mutablematter.files.wo
rdpress.com/200…
youtube.com/watch?v
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star.tau.ac.il/~eshel/gal
lery.html
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en.wikipedia.org/wiki/
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