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Abstract

Amongst the many modes of citizen science in the past years, civic technoscience has emerged.

Whilst ‘science’ tries to explain the world, ‘technoscience’ tries to construct technological worlds.

Whereas citizen science involves publics to contribute to data gathering and interpretation, civic

technoscience involves publics in technological world making. By creating prototypes for engineering

publics, civic technoscience expands the regime of technoscience into society. The article analyses

three different cases of civic technoscience: a FabLab, a for-profit makerspace and a civic hackathon.

These cases represent three approaches to civic technoscience: an emancipatory, an entrepreneurial

and a science communication approach. Our ethnographic analysis reveals that these approaches

need to be considered as ideal types: All our cases were shaped by an entanglement of emancipatory,

entrepreneurial and science communication aspirations and practices.
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Introduction

What happens when technoscientific practices
enter the public sphere? How is technoscience
performed as a public matter and how are publics
themselves constituted by taking part in techno-
logical world-making? What kind of messy and

unexpected technosocial relations are forged
when technoscience becomes a mode of citizen
science?

In this paper, we discuss and analyse different
forms of ‘civic technoscience’ (Wylie et al.,, 2014) to
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understand new practices of ‘material participa-
tion’ (Marres, 2012) in the public sphere in which
citizens collaborate to explore, invent, produce
and use technologies in a public manner. During
the past decade, people with different societal
backgrounds and occupations have been increas-
ingly invited to join the technoscientific enter-
prise: to experiment with (digital) technology, to
develop new technological solutions for society’s
problems and to position themselves as engi-
neering and innovative subjects.

In the first section of our paper, we discuss the
distinction between technoscience and citizen
science. Our second section presents three case
studies that demonstrate different modes of civic
technoscience situated in different organiza-
tional contexts. With these cases, we demonstrate
that civic technoscience is already diverse and
assembles different publics. We conclude with
reflections on the role of civic technoscience in
contemporary society.

Citizen Science, technoscience
civic technoscience

Contemporary academic discourses on science
and technology paint two very different pictures:
On the one hand, we seem to have entered an
‘age of technoscience’ (Nordmann, 2011), domi-
nated by emerging technologies and constructed
in expensive laboratories that are inaccessible to
the public. On the other hand, we seem to have
entered an age of citizen science, shaped by
novel forms of public participation in the scien-
tific enterprise or varyingly as a ‘democratization
of innovation’ (Hippel, 2005). We argue that tech-
noscience as a contemporary mode of knowledge
production is also becoming an increasingly pub-
lic matter. We discuss this expansion of the techno-
scientific enterprise into the public sphere, thereby
constituting new technosocial publics.

Citizen science: Extending the scientific
enterprise

Within the “post-war social contract” (Jasanoff,
2003: 227) between science and the public, sci-
entists were regarded as a distinctive truth class,
sharply separated from ordinary citizens. Science
communication was therefore informed by the

deficit model, which suggested that the public
needed to be educated about science by certified
scientific experts. The divide between (scientific)
experts and (non-scientific) lay people appeared
to be a social and an epistemic one. The non-
certified expertise of people outside of scientific
institutions was largely neglected by professional
scientists (Collins and Evans, 2002).

With the emergence of citizen science, however,
public participation is expected to (re-)enter
the heart of scientific knowledge production:
scientific research (Finke, 2014). The term citizen
science refers to projects that involve citizens not
primarily in the mode of deliberative governance
but as contributors to research, often enabled
by digital infrastructures and mobile devices. In
citizen science, project participants explore their
environment, measure the noise pollution of their
cities and reconstruct local histories.

Contemporary science policy discourses
present citizen science as a tool of knowledge
production and a tool to increase scientific
literacy. They legitimize citizen science as a
mode of doing science and as a mode of science
communication (Bonney et al., 2009; Serrano Sanz
et al., 2014). According to the narratives of citizen
science, scientific research may again become a
public matter. While the scientific enterprise in
modernity was inherently linked to the scientific
profession of certified experts, the socio-epistemic
regime of citizen science aims to open research to
non-professionals: “What was once a novel idea—
lay people engaging in the scientific enterprise—
is becoming mainstream” (Bonney et al., 2016: 14).

Citizen science is interesting for STS because it
attempts to both weaken and strengthen science
as a modern institution. Citizen science questions
the ‘jurisdictional claim’ (Abbott, 2007) of science
as a profession by allowing public participation
in research. At the same time, it aims to extend
the scientific enterprise of knowledge produc-
tion into the public sphere. Empirical inquiries
show, however, that citizen science at the level
of specific projects is much more complex than
the popular discourse on citizen science implies.
Citizen science projects are very heterogeneous,
they do not involve the public in a general sense
and they assume different levels of expertise
as conditions for public contribution. They are




Science & Technology Studies 32(2)

organized for different reasons and by different
means, involving different forms of division of
labor and hierarchy (Dickel and Franzen, 2016).

Technoscience: creating technology

In order to understand civic technoscience as a
special mode of citizen science we need to first
distinguish between science and technoscience.
In recent years, some authors have begun to ana-
lyse the epistemic objects, goals and institutional
foundations of technoscience as a specific and
increasingly important mode of knowledge pro-
duction in contemporary society - one different
from science. This distinction is also an important
way of differentiating citizen science from civic
technoscience.

A rather general notion of ‘technoscience)
coined by Bruno Latour (1987: 174), has gained
much prominence in STS. In Latour’s (1987) view,
science and technology have always been tech-
noscience. They assemble social, material, tech-
nological and intellectual aspects to create and
circulate knowledge. Science, however, ‘purified’
its messy embeddedness in sociomaterial
networks through claiming for pure and universal
knowledge. Following Latour, our contemporary
world starts to question this work of purification.
This questioning allows technoscientific inno-
vations to become explicit activities formerly
separated by notions of ‘science’ and ‘technology’
(Latour, 1993).

Nordmann (2011) proposes a more distinctive
view of technoscience that we deem important
to follow if we are to distinguish different modes
of science and citizen science. According to
Nordmann, there is an increasing dominance of
a specific regime of technoscience within modern
science and its relations to society. In Nordmann’s
theory, the term technoscience describes contem-
porary strategies of knowledge production, legiti-
mizations and relations to the natural and social
world that focus on the creation of novel techno-
logical capabilities. These strategies differ from the
strategies and aims of ‘science’ that focuses on the
creation of better theories. Whereas the aspira-
tion of the scientific enterprise was the discovery
of truths, the aspiration of technoscience is the
production of technological innovations. The
contemporary notion of technoscience gained

prominence within emerging fields such as
nanotechnology, biotechnology, computer- and
neurosciences. Common features of these fields
are rationalities of engineering, which are trans-
lated into other academic fields, social contexts
and societies. A prototypical example of this is
synthetic biology, which tries to apply an engi-
neering approach to biology in order to design
novel biological systems and, in turn, to radically
alter societal relations to nature. However, tech-
noscientific rationalities also increasingly enter
everyday life, politics and the public sphere. Part
of the regime of technoscience is the existence
of diverse 'sociotechnical imaginaries’ (Jasanoff
and Kim, 2009) that entangle technoscience with
societal problems (Grunwald, 2014; Nordmann,
2016). Technosciences promise to reconfigure
the world at micro and macro levels, to transform
whole societies into novel post-human ‘mega-
machineries’ (Mumford, 1970) and to reengineer
life, matter and information at the level of genes,
atoms and bits (Roco and Bainbridge, 2003). From
the perspective of technoscience, everything can
and should be designed and transformed through
technological inventions and interventions. This
technoscientific imperative is being constructed
and enacted through various futuristic discourses
that are central to how technoscience is legiti-
mated and entangled with publics and politics.
Thus, much of the public appeal of mainstream
technoscience is based on grand promises about
how new technical capabilities might turn into
innovations and redesign society (Dickel and
Schrape, 2017; Sand and Schneider, 2017).

Civic technoscience: Extending the techno-
scientific enterprise

It might appear as if technoscience and citizen sci-
ence refer to distinct and mutually exclusive socio-
epistemic regimes: While institutionalized science
reconfigures itself (partly) as (explicit) technosci-
ence, the ‘traditional’ scientific enterprise is revi-
talized and extended through lay participation
in the mode of citizen science. This simplified
view also corresponds to the self-descriptions
of some citizen science protagonists. Finke, for
example, conceives of citizen science as a way of
preserving the scientific enterprise in the face of an
institutional science system that, due to recent
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economic and political pressures, is increasingly
more interested in the production of innovation
than in the production of truth (Finke, 2014). Both
regimes imply very different roles for the public:
While the scientific enterprise of modernity ima-
gines the public as citizens in need of education
(about scientific truths), technoscience imagines
the public as users of technological innovations.
The public’s role is restricted to either embrace
the imaginaries of technoscience or to engage in
critical discourses (Nordmann and Schwarz, 2010;
Gaskell et al., 2005).

To transcend such dichotomies, Wylie and
colleagues offer the term ‘civic technoscience
by which they designate sociomaterial settings
and strategies that “sustain a civic research space
external to the academy and where non-academics
can credibly question the state of things” (Wylie
et al., 2014: 118). Although the authors focus
on specific technoscientific practices, this is not
reflected in their definition. Following Nordmann's
argument for a strong characterization of techno-

’

science, we restrict the notion of civic technosci-
ence to civic research with a focus on the creation
and exploration of technologies. This resembles a
growing literature on a ‘democratization of inno-
vation’ (Hippel, 2005). However, the key difference
is one of framing and perspective. The framing
of democratized innovation is based upon an
economic logic of technological development.
The framing of civic technoscience highlights the
public and civic logics that are becoming visible if
technologies are not simply seen as products and
the involved people are not simply seen as users
or consumers.

Several trends and transformations of
contemporary societies have contributed to the
emergence of civic technoscience. The public
sphere has been massively transformed through
the Internet: Through various platforms, diverse
publics have come into existence (Castells,
2002). ‘Openness, ‘transparency’ and ‘collabo-
ration’ have become important political terms
under the condition of such digitised publics
(Tkacz, 2015). In contemporary societies, many if
not most futures and transformations are being
considered as consequences of (digital) techno-
logical innovations (Urry, 2016). As a paradoxical
effect of technoscientific imaginaries, many novel

technologies have become public issues which
contributed to the delegitimization of certain
forms of certified expertise. All kinds of public
engagements, policies and publics are formed
and transformed into novel technosocial arrange-
ments that are being forged into existence with
the purpose of involving all of society in tech-
noscientific matters (Losch and Schneider, 2016;
Nordmann, 2016). The recent proliferation of
‘material participation’(Marres, 2012) must also be
considered as a proliferation of technical objects.
Technological artefacts in qualitative variety and
quantitative scale are acquirable and accessible
on almost global scale. In particular, digital objects
are increasingly being perceived and desired as
malleable, connectable and unfolding things
(Knorr-Cetina, 1997). Open source software devel-
opment combines these transformations and
became an example for many aspirations in civic
technoscience. In open source projects, online
communities develop technical objects and
publish documentation, blueprints and design
files online to foster the sharing of technical
knowledge.

Civic technoscience enables collective public
experimentations with (often digital and open)
technologies, which includes the sharing of
technological knowledge and the aspiration
to develop technological solutions to society’s
problems with and by publics. In order to inves-
tigate how the tensions between publics and
institutions — which became already apparent
in citizen science — also shape and affect civic
technoscience, we will now focus on specific local
publics. How are both civic technoscience and its
publics produced? What are the similarities and
differences of specific instances of technoscien-
tific participation?

Civic technoscience in practice

The following section presents three variants of
civic technoscience. The selection of cases rests
on a comparison of dissimilar instances of civic
technoscience in Germany. We are starting with
a case reflecting an emancipatory approach to
technoscience: a grassroots FabLab that aims to
facilitate civil society engagement with digital
fabrication. We then introduce a for-profit maker-
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space that is part of an entrepreneurship center of

a leading technical university, demonstrating an

entrepreneurial approach to public involvement.

We close our presentation of cases with the analy-

sis of a civic hackathon, carried out by on organi-

zation for public understanding of science and
technology, reflecting a science communication
approach to civic technoscience.

The analysis is the result of extensive ethno-
graphic work. We took part in the typical activities
of the respective fields and conducted interviews
with a variety of actors. In all cases, a distinction
between a core group of ‘organizers’ and ‘partici-
pants’ was visible, thus we talked to both groups.
We also discussed our findings with the actors in
the respective fields. Before and during our partic-
ipant observations, we examined documents like
websites and flyers to understand self-descrip-
tions and self-displays. Attention was also given
to the material infrastructures as well as to the
geographical and institutional environment in
which the activities took place. In order to under-
stand the similarities and differences of the cases,
we analysed each field according to the following
dimensions:

a) Governance mechanisms: How is participation
enabled and organized? What kinds of actors
are involved? What strategies are deployed to
enable public engagement?

b) Dynamics of inclusion and exclusion: Who
should, according to the self-descriptions of
the field, be included in the activities? How is
inclusion of publics facilitated? What groups
are excluded (be it by means of discourse or
practice)?

) Spatiality and temporality of engagement: Where
does participation take place? What is the role
of local infrastructures? Do the activities result
in a long-term engagement of publics in civic
technoscience (be it inside or outside of the
boundaries of the respective field)?

d) (Blurring of) boundaries between experts and
lay persons: Does the field problematize estab-
lished distinctions of experts and lay persons?
Are some boundaries blurred and/or do new
ones emerge? Who counts as an expert in the
first place? Is the jurisdictional claim of certified
experts challenged?

A Grassroots FabLab

Grassroots organizations have proven to be par-
ticularly relevant to transform scientific practices
(Jalbert, 2016). Thus, our first case is a ‘grassroots’
FabLab in Germany that has been run by voluntary
members since 2014. FabLabs, short for ‘fabrica-
tion laboratories,” have become particularly prom-
inent during the last decade as a novel form of
workshop that is accessible to publics and which
is mainly based around machines and processes
of ‘digital fabrication.’ FabLabs define themselves
through working with at least a set of computer
numerically controlled (CNC) machines, such as
3D printers, laser cutters or milling machines,
although many FabLabs offer other tools as well.
The concept for FabLabs was initially conceived
at the Media Center of the Massachusetts Insti-
tute for Technology (MIT) around the year 2000,
where the technoscientific aspirations to control
matter digitally, together with a form of science
funding that fostered engagement with society,
created the idea of making CNC machines publicly
accessible. This move was particularly inspired by
an emerging imaginary of highly capable digital
machines available to individuals. This led the
researchers to speculate about a “digital fabrica-
tion revolution” that would enable everyone to
make anything anywhere, just like the personal
computer enabled the decentralised production
of immaterial goods (Gershenfeld, 2012).
Although in the first years, the initial FabLabs
had close ties to MIT and thus to institutionalized
and elitist technoscience, this changed dramati-
cally around 2010. Troxler (2014) describes how,
in the Netherlands networks of researchers, artists
and tinkerers wanted to start FabLabs without
formal relationships to MIT and also on a more
affordable basis. The first ‘grassroots’ FabLab was
thus established by a community of artists and
social activists with a budget of €5000 in a town
in the Netherlands (Troxler, 2014). As of 2018,
there are around 1300 FabLabs across the globe,
variously run by a hosting organization, as a
company or as a member-based organization
(Fablabs.io, 2018). Formal ties to MIT are no longer
necessary to start a FabLab. It is rather expected
that each FabLab hosts a similar set of machines
and subscribes to particular guidelines, the ‘Fab
Charter! Already at MIT but increasingly so with
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the spread of grassroots FabLabs, a form of public
and participatory expertise has been enacted by
these workshops. Their governance is shaped by
the cultural ethos of making digital fabrication
accessible to individuals.

In 2013, a group of citizens of a German city
participated in a project to establish a grassroots
FabLab. In early 2014, the FabLab opened its doors
and, at the time of writing, became a member-
based non-profit organization with about 150
members who pool their resources—what is
called a ‘Verein’ in Germany (essentially a club or
association). In a room of around 80 m?, the organ-
ization offers its members (and once a month also
non-members) access to several 3D printers, a
laser cutter, a CNC mill, electronics and common
tools. Members pay a fee of around €20 a month
and elected a board that manages the association.
Mostly, the lab is used by its members to pursue
individual ‘hacking, ‘making’ or other do-it-your-
self (DIY) projects such as furniture, lighting, small
robots and, particularly important to many of its
members, building and improving CNC machines,
especially 3D printers. Most of the members are
hobbyists and technology enthusiasts with a
professional background in technology. However,
most also see the FablLabs as separate from
their work and as a space for leisure and civic
involvement. On an informal level, inclusion and
exclusion is largely based on these cultural and
habitual aspects of the members who voluntarily
choose to associate with like-minded others.

In addition to being an organization for inter-
ested individuals, the FabLab offers special
events and outreach courses, e.g. to school kids,
that convey technical skills and enable people
to explore digital fabrication technologies. The
education about and the promotion of digital
fabrication is one central area and an important
goal for the organization. Similar to other civil
society organizations that are member-based,
e.g. sports associations, the FabLab hosts facili-
ties for particular (technical) practices and
provides teaching and a space to socialize.
Thus, while the FabLab typically reaches out to
people that are interested in technology and
tinkering, it addresses a wider public through its
special events. All these activities are based on
an imaginary of the desirability of digital fabrica-

tion and its further dissemination. However, most
of the digital fabrication processes in the lab are
rather difficult to operate and mastering them
requires a lot of time. The FabLab thus assembles
experts in digital fabrication at special times, such
as in courses or public events, who try to share
their knowledge with others. Therefore, while the
core members (who typically have self-trained or
professional technical expertise in digital fabrica-
tion) participate on a regular basis, there are more
spontaneous and irregular forms of participation
by other groups. Expertise is often explicitly ques-
tioned and the aim of making technologies acces-
sible to others gives meaning to the educational
aspirations of the organization.

In tight entanglement with the spread of
FablLabs beginning around 2005, the ‘maker
movement’ emerged and began to grasp the
imaginations of hackers, DIY enthusiasts, the
media and even policy makers. Considering
the spatial and infrastructural organization of
this and other FabLabs, one needs to see these
organizations in relation to the global assemblage
of the maker movement. This global network
has enabled local labs and practices through
networked and digitized forms of participation in
technical knowledge as well as social imaginaries
of open source technologies. The term ‘maker’
was first used by a publisher for computer and
software literature in order to reach out to a more
diverse audience of people interested in tinkering
with technology and to avoid the negative conno-
tations that sometimes accompany the term
‘hacker! The respective magazine and trade fairs
that included all kinds of DIY projects quickly
helped to turn ‘making’ into an umbrella term
for various DIY practices that increasingly used
the Internet to coordinate and share ideas. In
addition to creating an imaginary of decentralised
and user-led innovations through makers, within
this movement organizational settings emerged.
‘Hackerspaces’—mainly concerned with software
and computers since the 1990s — started to
include other technologies. Spaces that sought
to emphasize their association to the maker
movement labelled themselves‘makerspaces. The
maker movement turned making into a public
issue and it also helped to build and legitimize
FabLabs — and as we show below, other organiza-
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tions as well. FabLabs can be viewed as a specific
subset of makerspaces specially aimed at making
digital fabrication public.

The publics of open source projects have
been particularly important for the technosci-
entific practices within the investigated FabLab.
Again, entangled with the rise of the maker
movement and FabLabs, there has been a spread
and increasing diversity of open source projects
aiming at developing technology. Significantly,
in 2004, the open source 3D printing project
‘RepRap’ started to publish building instructions
for such machines in the public domain. By now,
the project has laid the foundation for hundreds
of relatively inexpensive 3D printer designs.
It also helped to create a 3D printing hype by
having made visible and graspable the idea of
individually usable and affordable 3D printers for
‘everyone’. There are many more of those projects
where Internet-coordinated collectives design
technologies and publish explicit knowledge
under public licenses, e.g. creative commons
licenses, to share technical knowledge. These
have been highly relevant to the existence of the
investigated FabLab. On the one hand, most of
the core members of the lab became interested
in FabLabs and gained expertise in digital fabrica-
tion through their engagement with open source
projects — mainly 3D printing. On the other hand,
much of the digital fabrication infrastructure in
the FabLab is based on open source designs and
was partly built by the members themselves. This
dramatically lowered the cost of this technical
infrastructure as compared to similar industrially
applied machines. We might say that these open
source projects assemble individuals who foster
and learn a form of technical expertise with an
ambition to publicize and share knowledge.

Taken together, civic technoscience in the
FabLab has several dimensions. There is the
member-based organization that aims to facili-
tate experimentation with digital fabrication
machines. The people running this institution
regard it primarily as a civil society organization,
which tries to empower citizens. These citizens
are imagined as actors who are willing to become
empowered through digital fabrication and invest
their time to do so - spreading digital fabrication
is seen as their civic duty. Furthermore, the FabLab

assembles wider publics that centre around digital
technologies and DIY practices and that have
contributed to turning making, open source, and
digital fabrication into public issues and emanci-
patory paths to reconfigure technoscience (Dickel
and Schrape, 2017; Schneider, 2018).

A makerspace at a university’s entrepre-
neurship centre

The second case presents results from ethno-
graphic fieldwork that has been conducted at
a makerspace at a German university. We show
that, although this makerspace seeks to attract
an unspecific, heterogeneous public, its organi-
zational structure and socio-technological setting
nevertheless puts limitations on the participation
and engagement of these same publics.
Makerspaces are declared to be ‘open to
everyone, allowing each individual to gain expe-
rience with professional machine tools, materials
and practices of design and engineering. This turn
towards collective spaces of fabrication is often
seen as an act of empowerment, rendering those
actors more integrated and proactive that have so
far been excluded from engineering practices.
The makerspace this chapter draws on is closely
affiliated with a university’s entrepreneurship
center. While some makerspaces - like the FabLab
described above - are collectively governed
and organized by their users (bottom-up), the
makerspace here reveals more hierarchical struc-
tures (top-down). The team comprises a general
manager surrounded by a core team that runs
the workshop, its infrastructures and events,
develops marketing strategies and builds collabo-
rations with companies or public institutions. The
makerspace has additional crewmembers and
trainers who primarily work in the workshop itself,
maintaining the machines and storage rooms,
as well as teaching and providing the users with
technical knowhow and skills. Based on inter-
views we conducted during our fieldwork, the
makerspace team regards itself as a business and
service provider (Interview, Manager, January
2016). Unlike other shared workshops, the maker-
space does not rely on donations. Rather, it has
developed an economically oriented business
strategy that attempts to commercialize working
spaces for companies, firms, smaller start-ups and
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private users in order to let them build, design
and prototype their project ideas. The workshop
is equipped with professional and high-tech
machine tools that are often also utilized in indus-
trial manufacturing. Their facilities range from
3D printers, laser cutters and industrial sewing
machines to water jet cutters, metal or wood band
saws and other CNC machines.

In light of their close cooperation with larger
(industrial) companies or events like ‘makea-
thons) the makerspace’s main goal in terms of
public engagement is to extend its services to
as many different groups and actors as possible.
Although it regards itself as a service provider,
the makerspace does not work as a ‘manufactory’
for customers. Rather, at the core of their service
stands the provision of the workshop itself, the
maintenance of the machines and introductory
courses. In the following, we will describe how
specific governance mechanisms organize and
engage with the public by explicitly focusing
on the makerspace’s courses, the use of the
machines and their user groups. We also show
how the dynamics of inclusion and exclusion of
this present case of civic technoscience challenge
the potential of integrating a wide and heteroge-
neous public that the makerspace has sought to
address.

To begin with, the makerspace works on
a membership basis. Companies, start-ups,
student groups or private users have to apply
for a membership that permits them to enter the
workshop. In order to use the machines and tools,
members have to attend introductory courses
that require paying additional fees. In contrast to
‘bottom-up’ makerspaces, this case offers special-
ized and professionalized courses being run by
trained crewmembers who introduce and explain
the respective machines. The actors involved thus
seem to regard their contribution to a wide public
engagement in the act of teaching and distributing
technical knowledge amongst every member.
The courses usually run for up to two to three
hours, where participants learn specific technical
skills, for instance, how to build a bottle opener
out of metal. During the course, participants are
equipped with material, instruction papers and
safety glasses. All these conditions aim to develop
and improve the user’s skills and crafting abilities.

Only after having attended the course (at least
once), members are permitted to autonomously
use the machines for their individual purposes.

Participation in the makerspace is thus initially
organized and guaranteed by the courses and
the possibility to apply the gained knowledge
in order to autonomously use the machines. The
courses are meant to address a heterogeneous,
unspecific public by claiming to invite everyone to
work and take part in innovation and engineering
processes. Introductory courses and instruc-
tions inform those participants who have not yet
acquired concrete practical experience about how
to craft and construct objects. Moreover, they seek
to create an atmosphere that puts every member
on the same level of expertise and knowledge.
Accordingly, the makerspace seems to attract and
include a wide, heterogeneous public, consisting
of professional engineers, hobby-tinkerers and
actors without any experience. All of them play
an important role in the (co-)production of tech-
nological artefacts, as well as in the process of
generating innovation and knowledge about it.
Consequently, the public in this field of civic tech-
noscience cannot only be seen as one becoming
educated (the usual public of science) or one
using or deliberating technological innovation
(the usual public of technoscience), rather it
operates as one that is itself active in engineering
processes.

However, while the public of makerspaces is
sought to be diverse, our research revealed that
this is not always the case. Trainers with expertise
and skills, as well as the business model (which
rests on membership fees) and the socio-mate-
rial setting (that includes highly professional and
expensive machine tools) already pre-define the
kinds of users that can access the investigated
space. During our ethnographic study, we expe-
rienced particular dynamics of exclusion when
talking about the function of 3D printers:

I walk around the workshop and look at all the
different machines in the 3D printing area. One
of the bigger machines is currently working

and | wonder what it is exactly printing. | ask

a crewmember who is just about to check the
machine. | feel a bit clumsy and illiterate when
asking about what it is printing. She turns around
and replies in an astonished manner:“You don’t
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know how this machine works?!” Now | feel even
more unsettled since | thought | articulated my
question clearly. | stumble “No, | mean, yes... But

| wanted to know what the 3D printer actually
creates?” She talks about her project and mentions
a chair that she likes to produce. | realize how she
still loses interest in keeping the conversation
going because after a few sentences, she turns
around and seems to concentrate on the screen.
(Field notes)

This extract from our ethnographic field notes
demonstrates how crewmembers that are famil-
iar with the respective machines seem to expect
a certain level of expertise and knowledge from
the user beforehand. In this particular situation,
the ethnographer had little knowledge about 3D
printers and was quickly viewed and approached
as a non-expert. While the makerspace is claimed
to be a place for everyone without any expertise,
we can yet see how social expectations entan-
gled with the professional quality of the machines
actually construct a more specific public, namely
one, which already possesses technical expertise.
This case has moreover revealed that it is
primarily those actors with a concrete idea and
project plan that appeared to benefit most from
the workshop. During the ethnographic study,
our researcher attended courses at machine
tools that, for instance, taught her how to draft
and produce a bottle opener. We observed that
for some participants it was difficult to know
directly how to craft construction plans that were
required in order to further proceed within the
course. A mere introduction into the type and use
of a machine did not immediately help since the
courses demanded additional knowledge and
expertise — for instance, when choosing the right
material or crafting out construction plans and
drawings. As follows, in addition to the dynamics
of exclusion that were enacted by the actors’
expectations, the structure and pre-requirements
of the courses similarly contribute to shaping and
pre-defining a more specific public. Moreover,
the types of projects to be drafted directly in
the workshop were already constrained (if not
hindered) owing to membership fees and the
concurrent necessity of pre-preparation. Conse-
quently, this form of civic technoscience can only
address and integrate those publics that already

possess technical familiarity and expertise, an
interest in technology and crafting, as well as
concrete project plans.

It is therefore not surprising that during the
fieldwork, the makerspace was mainly used by
start-ups, industrial companies and professionals
who work in the field of engineering or innovation
management. The users who were less familiar
with crafting, tinkering or manufacturing were, in
turn, considerably fewer. Moreover, according to a
private user, “there are so many members from the
makerspace walking around. Like staff-members
[...].  haven't seen that many students so far but
also not really old people” (Interview, User, May
2016). This might seem to be paradoxical, consid-
ering the fact that the makerspace is located right
at the university campus, and one might expect
that a great number of students would use the
makerspace facilities. Nonetheless, due to factors
like membership fees, pre-existent knowledge or
general interest, the makerspace failed to equally
integrate younger user groups like students. This,
again, underpins our conclusion that the public
attracted here seems to be a rather exclusive
one, primarily involving those actors who possess
specific forms of expertise and business interests.
As our ethnography has consequently shown, in
most of the cases the involved actors running the
makerspace were not aware of these dynamics.
This relates to the entrepreneurial approach of
the makerspace, which preconfigures the kinds of
publics it aimed to attract.

A Civic Hackathon

In our last case study, we analyse a civic hackathon
focused on urban innovation and sustainability.
The civic hackathon (Schrock, 2016) was con-
ducted in a major German city in 2015 and lasted
two days. Compared to the cases we have already
presented, this civic hackathon was not organ-
ized by a non-profit organization or a company
but by an organization for public understanding
of science and technology with close ties to the
German Federal Ministry of Science and Education
(BMBF). It usually organizes discussions and exhi-
bitions dealing with science and technology. In
this special case, the institution collaborated with
a non-profit organization (NPO) that advocates
open knowledge and open data and promotes
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and supports (digital) civil rights. Therefore, one
focus of the hackathon was on topics like freedom
of information and open science. After the event,
the groups were given the possibility to develop
their ideas at so-called ‘Citizen Science Labs’ (reg-
ular meetings at the already existing open science
organization’s labs).

During the last decade, it became popular to
arrange civic hackathons for enhancing science
policy and science communication ‘off the beaten
path’ Hence, when proposing this particular
event to the ministry, both organizations used
the rhetoric of hacking and making to describe
their approach to socio-technical innovation.
Adapting this rather unconventional event was a
challenge for the institution of science communi-
cation. However, it was also a possibility not only
to discuss technoscientific issues in public but also
to activate citizens to become participants in the
generation of technoscientific innovations them-
selves. The collaboration with the open science
NPO enabled the public engagement organiza-
tion to interact with citizens in a completely new
way that broke with their own routines (Interview,
Organizer 1, July 2015). The hackathon assembled
a special public and we will show why, at the end,
this public was more exclusive than the organizers
had originally planned and sought.

Both organizations aimed to generate a public
to create innovations for a more open and sustain-
able city within two days. The event started on
a website where interested citizens had to sign
up for the respective hackathon in their city and
chose one participant category (programmer,
designer, city enthusiast or scientist). These cate-
gories reveal that the initially addressed public
was imagined to consist of certified scientific
experts as well as citizens with expertise in hacking
(programmers) and making (designers) - but also
inexperienced people who were motivated to
participate because of a desire to improve urban
environments (city enthusiasts). Only citizens with
access to the Internet were able to subscribe to the
event - so this registration by itself constituted a
first moment of exclusion. During the registration
process, the participants were already encour-
aged to formulate and discuss ideas on how to
improve their city and how to publish them on a
digital platform. Examples of the discussed ideas

were rooftop gardens or open bicycle maps. Later
on, these ideas served as ‘icebreakers’ during the
pitching session, an important part of the civic
hackathon, and at the same time as the visualiza-
tion of differences in hackathon experience.

The event itself took place at a biotech start-up
located in a backyard in an alternative and
multicultural district of the city. The space was
decorated with vertically hanging plants and
hosted a large coffee bar, all of which is in line with
the typical gathering spaces of the creative class in
the respective city. Still, the start-up was not able
to provide the ‘right equipment’ for the hackathon
such that organizers had to arrange the necessary
technological apparatuses. It is important to
mention that the ‘right equipment’ was defined
by the organizers themselves. Using the existing
infrastructure at the individual locations, they
created a hacking place at the biotech start-up
with Arduino kits and modelling clay so that the
citizens could experiment without instructions.
The provided 3D printer as well as the sensor
set was introduced and curated by experts who
answered questions and provided practical help
for laypersons. The participating citizens were
encouraged to access the technology, to print
prototypes or to work with sensors.

The day started with the participant registra-
tion in the morning where everyone received a
coloured sticker that marked his or her partic-
ular group affiliation. Red stickers, for example,
marked the group ‘scientists.! After welcoming
the participants, the theme of the event was
introduced by ‘Lightning Talks” where speakers
discussed different topics such as classical citizen
science, but without building the connection to
the specifics of civic technoscience. During the
following pitching session, the participants were
asked to communicate their ideas for improving
the city through short presentations in order to
attract possible collaborators. We could observe
that some participants were quite experienced in
these formats, especially participants belonging
to the hacker community. They had the special
expertise about how to pitch properly, so that
people became interested in working on their
ideas. Other participants had problems defining
their goals or communicating their ideas to the
audience. During lunch break, the participants
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were asked to form hacking groups that were
expected to work together for the following two
days. Not everybody was able to find a group, or in
other words, they did not have the right expertise
to orient themselves in the informal procedure of a
civic hackathon. Therefore, the process of pitching
and group finding can be seen as the biggest
moment of exclusion. The organizers acknowl-
edged this problem. Hence, they moderated the
group finding process in the following year and
helped people to connect to other participants.

After building groups (or not), the hacking
started after the lunch break. Working on their
chosen projects in small groups, some group
members programmed while others experi-
mented with the sensor sets, and a few also used
the 3D printer to try to create models - always
supported by a 3D printing expert. On day two,
the number of participants was scaled down,
meaning that, for example, two groups only had
one member left. Following a second working
session with the remaining groups, the groups
presented their results and a jury selected the
three best projects. The winners each received a
coupon for hardware acquisition (e.g. sensor tech-
nology, Arduino kits, etc.) worth €500. Despite
having been originally announced by the orga-
nizers, none of the invited representatives from
the city showed up. Six digital and non-digital
prototypes were praised as solutions for urban
problems like the lack of cycle paths and global
problems like air pollution.

However, the hope that the hackathon might
serve as a starting point for a long-term engage-
ment activity did not work out. Therefore, the offi-
cially communicated goal of this event was not
achieved. Nevertheless, some citizens were able
to experiment with sensor kits or used 3D printers
for the first time in their lives and reflected upon
technological innovations for sustainability.
Hence, a few unexperienced participants gained
some technological knowledge associated with
hacker or maker communities (however, scientific
knowledge - e.g. comparable to an academic engi-
neering curriculum - had not been transferred).
All'in all, we observed that it was generally helpful
to already possess experience with hackathons in
order to endure the two days of insecurity around
the idea-finding- and realizing-process.

Contrary to the aspirations of the organizing
institutions, the assembled public was neither
long lasting nor diverse. Most of the partici-
pants were people who were already part of the
hacker or maker community. Only a few citizens
stayed until the end and got through the hacking
process. Also, as of now, the groups no longer work
together. Thus, the hackathon did not achieve its
original objective to create sustainable solutions
for the city. Instead, it created an awareness for
civic problems in another way - that is, through
creating prototypes. Therefore, we assume that
civic hackathons like this generate a temporally
limited, unstable but affected public. This public
is still exclusive and consists of participants with
and without expertise in the field of hacking and
making - but all of them gain and produce tech-
noscientific knowledge while working on their
prototypical innovations. The societal impact
of this knowledge production should, however,
not be overestimated because it is limited by the
specific social, spatial and temporal elements of
the format. Yet, a central discursive function of the
event was the communication of technoscience: It
positioned socio-technical innovations as possible
solutions for urban problems.

Discussion

Our case studies reveal that civic technoscience
is performed in heterogeneous ways. The three
cases differ substantially in terms of governance
mechanisms, dynamics of inclusion and exclusion,
spatialities and temporalities and the (blurring of)
boundaries between experts and laypersons.

Governance mechanisms:

The FabLab as well as the entrepreneurial maker-
space are both membership-based formal organi-
zations, but very different ones: The FabLab was
established bottom-up, through citizens inspired
by ideas of hacking and making, whereas the
makerspace is rooted in the innovation strate-
gies of industrial and academic organizations.
The FabLab is a club, collectively governed by its
members. The makerspace operates as a busi-
ness with clear boundaries between employees
(working for the organization) and users (paying
membership fees). In all cases (including the hack-
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athon), formal organizations provide platforms
for projects developed by persons outside the
respective organizations. Hence, the success of
all of these different institutionalizations of civic
technoscience depends on the attraction of com-
mitted publics. This became especially apparent
in the case of the hackathon, because it needed
to assemble a crowd capable of developing pro-
totypes in a very short timeframe. The main
governance challenge of such a format is to give
participants freedom to experiment while keep-
ing the event at the same time structured and
focused.

Dynamics of inclusion and exclusion

All three cases are shaped by a discourse of uni-
versal inclusion: Everyone is invited, anyone can
participate. The public constructed by invitations,
public statements and promotional materials was
therefore a very general one. Moreover, the events
and spaces were designed as open platforms. Our
ethnographic observations, however, revealed
more complex dynamics of inclusion and exclu-
sion. In none of the cases were groups of peo-
ple explicitly excluded. The exclusion was rather
implicitly inscribed into the infrastructures and
organizational formats. In each case, an already
existing technical expertise allowed participants
to integrate themselves into civic technoscience
and to contribute to the development of ideas
and projects. The investigated makerspace was
the most exclusive instance of civic technoscience,
while the FabLab - corresponding with its strong
focus on education - proved to be the most inclu-
sive one.

Spatialities and temporalities

Participation in civic technoscience takes place
at specific places. In all three cases, these places
were designed as workshops, equipped with tools
for collaborating, hacking and making. These
workshops were more or less professional, rang-
ing from just a few tools in the case of the hack-
athon to a very expensive infrastructure, which
fulfils industrial standards in the case of the inves-
tigated makerspace. The respective infrastructure
has a strong influence on the practices and consti-
tutions of publics as well as on the governance of
the organizations. In all cases, the local workshops

were entangled with larger networks (e.g., open
source and maker communities), positioning the
specific places as nodes and instances of a ‘move-
ment’ of civic technoscience. Even the hackathon
had long-term aspirations as the prototypes were
originally imagined to be further developed in
‘Citizen Science Labs'. It became clear that an
ongoing commitment of participants as well as
stable financial resources are crucial factors for the
sustainability of civic technoscience.

(Blurring of) boundaries between experts
and laypersons.

Citizen science discourses often imply a blurring
of boundaries between experts and lay persons.
Expertise should be reconfigured and redistrib-
uted by novel forms of public participation based
on open digital and material infrastructures. In
all our investigated instances of civic technosci-
ence, we could observe a sharing and pooling of
technoscientific expertise. All cases comprised
of educational elements in which experts trans-
late technoscientific knowledge to an assembled
public. This also reveals that the distinction of
experts and laypersons does not vanish in civic
technoscience. However, the communication
structures did not conform to the ‘deficit model’,
because in all cases the assembled publics were
either addressed as experts for specific issues or
addressed as laypersons which might become
experts by taking part in civic technoscience. In
fact, we could observe participants who became
experts in specific areas by participating in civic
technoscience. The limits of a diffusion of exper-
tise rests in the implicit exclusion mechanisms in
all three cases. We conclude that a pre-existing
technical familiarity, including cultural and habit-
ual aspects, is an important factor for participation
in civic technoscience. It increases the chances for
people to participate in the first place and to par-
ticipate in a substantial manner.

Conclusion: Civic technoscience
between emancipation,
entrepreneurship and

science communication

Just as citizen science aims to open and extend
the scientific enterprise to the public, civic tech-
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noscience aims to open and extend the techno-
scientific enterprise. And just as technoscience
is shaped by imaginaries of future technologies,
civic technoscience is shaped by the imaginary
of a democratization of engineering and design.
Hence, a discourse of inclusion and extension
is very visible in all three cases: The workshops
invited a general and unspecified public to partici-
pate. They all expressed the ideal of a technologi-
cal culture in which everyone can and should take
part in designing our world by means of tinkering,
hacking, making and engineering. Our case stud-
ies show, however, that these aspirations of uni-
versal inclusion are limited by the design of the
respective participatory formats as well as by the
expertise of the participants.

Civic technoscience as a situated practice might
not fulfil the utopian expectations of ‘making’
and 'hacking’ as technosocial imaginaries. It does,
however, imply an opening of specific techno-
logical black boxes. Civic technoscience makes
practices of hacking, tinkering, making and engi-
neering (more) public — be it in the service of
political, economic or educational goals. To this
end, new infrastructures (like makerspaces),
technologies (like 3D printers) and events (like
hackathons) are constructed. Thus, the publics of
civic technoscience are themselves engineered
by socio-technical means: They are assembled as
parts of the contemporary technoscientific regime
— as transformative parts that should make this
regime more open, inclusive and/or innova-
tive. Such transformative efforts, however, are
launched by different actors that are differently
positioned within the regime, resulting in different
ambitions and practices of transformation, some
of which tend to reproduce existing closures.

- The grassroots FabLab follows an emanci-
patory approach to civic technoscience. It
assembles heterogeneous publics in which
digital networks are entangled with localized
practices. The FabLab itself is created as a tool
for empowerment and public education. It is
designed as a civil society organization that
aspires to make digital fabrication public. This
is also reflected in the bottom-up govern-
ance structure and an explicit reflection and
problematization of the distinction between
experts and laypersons.

«  The entrepreneurial makerspace follows an
entrepreneurial approach. The makerspace
takes the form of an enterprise focused on
fostering innovation. In this case, making
technology and knowledge production pub-
lic is not primarily a political aim but a busi-
ness model. Despite its self-description as
being open for everybody, the public of the
makerspace is much more exclusive, con-
sisting primarily of professional engineers
and start-ups who use the infrastructure of
the workshop. The makerspace offers them
the opportunity to use rapid prototyping
machines and to collaborate outside of the
confinements of their organizations.

«  The civic hackathon represents a science com-
munication approach to civic technoscience.
The hackathon is part of a governmental
science policy and public relations strategy.
Its aim was to develop prototypes for urban
innovation. While the hackathon was not suc-
cessful in generating a diverse and long-last-
ing public, the exercise in public prototyping
produced an increased public familiarity with
specific technologies and promoted public
prototyping as a tool for addressing societal
and sustainability problems. Furthermore, it
endorsed the idea that public problems can
be solved by means of technoscience as a
public activity.

In the three approaches, civic technoscience
“questionls] the state of things” (Wylie et al. 2014,
118) quite differently. In the entrepreneurial mode,
dominant production and innovation regimes
are problematized. In the science communica-
tion mode, local and global societal problems are
addressed by technological means. In the eman-
cipatory mode, the problematization extends to
overarching political issues and social structures.
Our ethnographic research revealed that the
three modes need to be considered as ideal types.
We propose that civic technoscience is typically
shaped by an entanglement of emancipatory,
entrepreneurial and science communication aspira-
tions and practices: Instead of sharp separations
between these modes, we could observe nuanced
differences in our cases. While the FablLab
positions itself as a civil society organization, it
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also functions as an incubator for entrepreneurial
ideas. It likewise engages in the communication
of technoscience by educating publics about
novel technologies. At a first glance, the entrepre-
neurial makerspace might be considered purely
as business (and maybe not as an instance of civic
technoscience at all). However, its very business
model depends on the assemblage of publics
interested in using and developing technolo-
gies. The discourse of “democratizing innovation”
(Hippel, 2005) is not just ‘talk’ It is constitutive
for the self-understanding of the organization.
Moreover, its communication strategies rest on
the notion that (digital) fabrication technologies
become accessible for the public. Hence, it also
engages in the communication of technoscien-
tific possibilities. The hackathon worked primarily
as a science communication exercise. However,
its promise of generating innovation through an
emancipatory bottom-up approach was constitu-
tive in attracting a public in the first place.

In all these cases, publics are not restricted to
the role of consumers who buy and apply tech-
nologies. They are also are not positioned as
entities that just need to be informed about tech-
noscientific knowledge (the public understanding
of science paradigm) or addressed as a variety of
stakeholders that participate in critical discourses
and deliberations (the public engagement
paradigm). Rather, in civic technoscience, hetero-
geneous publics revolve around the co-produc-
tion of artefacts. Whereas citizen science
questions the jurisdictional claim of professional
science over the production of facts, civic techno-
science (in all three cases) questions the jurisdic-

tional claim of professional engineering over the
production of technological artefacts. It is a mode
of knowledge production as well as a tool to
increase technoscientific literacy. Publics in civic
technoscience are not primarily formed to address
technoscientific problems but to create new tech-
noscientific solutions (for problems created or not
created by technoscience). They are assembled as
"performing audiences” (Andersen and Knudsen,
2016: 448), which themselves take part in the
invention and production of technologies as well
as new techno-social worlds.

Civic technoscience does not only imply a
gathering of publics engaged in engineering.
Civic technoscience needs to be also understood
as an engineering of such publics themselves.
It is realized by a socio-technical assembling of
citizens, which are expected to perform (more or
less specific) functions. Our cases demonstrate
that this engineering of publics does not produce
a general democratization of engineering and
design. Rather, it produces situated publics
of both certified and non-certified experts in
different social contexts and settings that openly
experiment with technologies. From the organ-
izers' position, the specific settings and events of
civic technoscience are themselves conceived as
prototypes of participatory machines. The organ-
izers act as ‘social engineers’ who aspire to learn
from these prototypes — in order to build new
upgrades and updates for FabLabs, makerspaces
and hackathons. It is not by realizing utopian
imaginaries but by creating prototypes for engi-
neering publics that civic technoscience expands
the regime of technoscience into society.
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