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Experimenting with Novel

Socio-Technical Configurations

The Domestication of Digital Fabrication
Technologies in FabLabs

Sabine Hielscher

Abstract

Grassroots digital fabrication workshops (such as FabLabs), and
associated technologies (such as 3D printers), are attracting increas-
ing attention as a potential source for addressing a variety of social
and environmental challenges. Through an analysis of an in-depth
case study on FabLabs, this paper aims to provide insights into the
practices emerging in these workshops and realities of the relation-
ship between its members and technologies that are currently under-
researched. It does this by drawing upon the domestication literature
that concerns itself with how people use, adapt and reject technologies
and integrate them into their life. The paper examines the significance
of the interactions between people and technologies in FabLabs and
offers concluding reflections on the role of these relationships within
broader social and environmental changes.

Keywords: Digital fabrication technologies, Workshops, FabLabs,
Domestication

Introduction

Around the world, diverse groups of people are repairing, hacking and assembling
things in digital fabrication workshops. Equipped with versatile digital design
and manufacturing technologies, global networks of workshops, like FabLabs,
create spaces for experimenting with technologies and collaborative projects —
from making toys and jewellery to solar panels, open-source smart meters and
eco-houses. Observers and “fabbers” (i.e. visitors and members of FabLabs) have
argued that these workshops have the potential to change practices of innova-
tion, design, production and consumption (Smith et al. 2013), where we live in a
world in which anyone can make anything anywhere (Gershenfeld 2005). Social
scientific analyses of the practices emerging in these workshops have started to
emerge (cf. Kohtala/Bosque 2014; Nascimento 2014; Fleischmann/Hielscher/
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Merritt 2016); however, less evident within these studies are questions relating to
how interactions between people and technologies in grassroots digital fabrication
workshops relate to wider social and environmental changes implied in some of
the claims — something that this paper examines.

In trying to understand the interactions between people and technologies
in grassroots digital fabrication workshops, I focus the paper on how “fabbers”
domesticate digital fabrication technologies within their workshops. The litera-
ture on domestication draws attention to the “social dynamics that occur between
different groups of users” and interactions with technologies after the point of
purchase (McMeekin/Southerton 2012: 345). To date, however, most of the work
has concentrated on domestication processes within people’s home, rather than
considering these interactions within wider social networks (such as FabLabs)
(Haddon 2007). Such investigations potentially play a key role when examining
how interactions between people and technologies sit within broader social and
environmental changes.

Following the ideas from the literature on domestication, the paper examines
the interactions between “fabbers” and technologies within digital fabrication
workshops. Specifically, this paper addresses the following research questions:
how do the interactions between “fabbers” and digital fabrication technologies
play a role in developing workshop practices, and how do they relate to broader
social and environmental changes? With these research questions in mind, the
analysis draws on a literature review on digital fabrication and empirical evidence
gathered through interviews and participant observations in FabLabs, in partic-
ular drawing on an in-depth case study of FabLab Amersfoort.

The section “Domestication of technologies: The domestication approach”
introduces the literature on the domestication approach more broadly, before
the section “The domestication of digital fabrication technologies in FabLabs”
outlines these ideas in the context of digital fabrication in FabLabs. The next
section outlines the methodological approach of the study, drawing on an in-depth
case study on FabLabs. This is then built on in the section to detail the domestica-
tion process and associated negotiations played out in FabLabs, providing insights
into the practices emerging in digital fabrication workshops. The last two sections
discuss the significance of examining the interactions between people and tech-
nologies in daily life and offers concluding reflections on the role of these engage-
ments within broader social and environmental changes.

Domestication of technologies: The domestication approach

The domestication approach is derived from the anthropology (Douglas/
Isherwood 1980), media studies (Bausinger 1984; Lull 1988) and consumption
(McCracken 1990) literature. It has concerned itself with exploring people’s rela-
tionships with technologies and their integration into daily routines: how people
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use technologies in their daily lives. Earlier studies mainly examined the role of
televisions in people’s home lives (see, e.g., Hobson 1980; Lull 1988): how they
watched television and evaluated it (Haddon 2007). Later on, this research was
broadened out, influenced by the arrival of a variety of information and communi-
cation technologies (ICTs) in people’s homes (such as Silverstone/Hirsch/Morley
1992). Researchers were keen to open up their investigations, not only focusing on
individual’s relations with ICTs but also examining the relations between house-
hold members (e.g. investigating gender issues [Lie/Serensen 1996], including
the examinations of conflicts and negotiations over their use [Haddon 2007)).

Influenced by Norwegian researchers, the approach was increasingly linked
to concepts derived from the social shaping of technology literature (Silverstone/
Hirsch/Motley 1992; Sgrensen 1994; Lie/Serensen 1990), a body of work engaged
in the exploration of organisational, cultural and political factors that shape the
design and implementation of technologies (Haddon 2o11). Researchers were
interested in examining how people make sense of technologies, asking questions
such as how they experience technology, what these technologies mean to them
and how do people engage with technologies as part of their daily routines (and
even reject them) (for a review, see Haddon 2011: 200). The co-shaping of tech-
nologies and people was frequently the focus of these studies, examining how the
shaping process continued once technologies were used and consumed and “why
and how technologies emerge in the form they do” (Haddon 2011: 312). Researchers
have put therefore less attention on the consequences of technologies entering
people’s lives, that is “if and how technologies ‘empower’ us” (Bakardjieva 200s5;
Haddon 2011: 316).

At the time, in particular, Norwegian researchers argued for moving domes-
tication studies beyond investigations of the home and individuals’ interactions
with technology (Lie/Serensen 1996; Haddon 2007, 2011). The development of
portable ICTs (such as the mobile phone) encouraged researchers to “think more
about how the domestication framework could be expanded to consider interac-
tions with these wider social networks outside the home” (Haddon 2003, 2004,
2007: 28). As argued by Haddon “the home is by no means the only place where
ICTs are used” (2011: 314). Domestication is performed by individuals or groups in
different settings like households or workplaces, but it may also be done by institu-
tions and other collectives (Sgrensen et al. 20006: 4).

Although academics have dedicated less attention to investigating interactions
between technologies and people outside the home, some studies have emerged,
for instance, examining Internet training courses (Hynes/Rommes 2005), activi-
ties of hackers (Hapnes 1996) and Internet-based social networks (Lally 2002;
Ward 2005). Researchers were interested in finding out how activities and courses
outside the home intervene in the domestication process of computers (Hynes/
Rommes 2005), for instance, would they increase the researchers’ knowledge of
“how consumers of computer technology proceed to develop their patterns of use”
(Hapnes 1996: 121). Here, the domestication approach is often not only concerned
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with the relationship between people and things but also how they sit within
broader cultural, social and economic aspects (Oudshoorn/Pinch 2005).

Domestication phases

Domestication commonly refers to the incorporation of technologies into daily
routines, transforming “unfamiliar, exciting, and possible threatening things”
(Oudshoorn/Pinch 2005: 14) into familiar ones. Such an approach attempts to
move away from the idea of a passive, adaptive consumer and aims to examine
what happens when technologies are “consumed” and used (Serensen 1994).
Here, the incorporation of technologies is considered to be part of a dual process
where technologies can redefine existing routines and daily life activities shape
these technologies over time (Oudshoorn/Pinch 2005).

The users/consumers make active efforts to shape their lives through creative manipu-
lation of artefacts, symbols, and social systems in relation to their practical needs and

competencies(Lie/Sgrensen 1996: 9).

The domestication process has been divided into several phases, including appro-
priation, objectification and incorporation to conversion (Silverstone/Hirsch/
Morley 1992). Others, such as Sgrensen, Aune and Hatling (2000), have argued
against specific successive phases and advocated the use of four domestication
dimensions when examining the integration of technologies into daily life. Such
dimensions are part of a

[m]ulti-dynamic process in which the artefact must be acquired (that is, bought or made
accessible in some other way), placed (that is, put in physical space as well as in mental
space), interpreted (in the sense that it is given meaning within the household or the local
context, and given symbolic value to the outside world), and integrated into social practices
of action (Laegran 2005: 82).

The consumption of technologies requires symbolic work in which the meanings
associated with them get interpreted and adapted into existing patterns of daily
routines and cognitive work where people have to learn about the technology and
develop certain skills to use and integrate it (Lie/Sgrensen 19906).

Negotiations and conflicts associated with the domestication phases

To be able to go beyond the relationship between people and things, Lie and
Serensen (1996: 12) have further pointed towards the need to study the various
“conflicts and negotiations” that are integral to the domestication process. These
can include negotiations between household members and the politics of the
home, for instance, discussions (and the creation of rules) around the appropriate
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use of a technology (Silverstone/Haddon 1996). For them the challenge within
investigating the interactions between people and technologies is to demonstrate
how meanings are produced through the negotiation processes that take place
(Lie/Serensen 19906).

Of course when one looks at such conflicts from a macroscopic point of view, they may
appear idiosyncratic and without relevance, like ripples in a large wave of change. However,
we will argue that, in the final instances, everyday struggles and negotiations may have impor-
tant effects on the shaping of technology and its “consequences” (Lie/Sgrensen 1996: 11).

As argued by Hapnes (1996: 121, 122), who studied the activities of hackers, the
domestication approach helps to build an understanding of the “continuous nego-
tiations with human and non-human elements” and “how meanings are created
through the negotiation processes that take place.”

To domesticate an artefact is to negotiate its meaning and practice in a dynamic, interactive
manner. This implies that technology as well as social relations are transformed (Sgrensen/
Aune/Hatling 2000: 240).

Making use of the domestication approach to study the activities in FabLabs draws
attention to how “fabbers” proceed to negotiate and develop digital fabrication tech-
nologies’ patterns of use. As argued by Smith et al. (2013), understanding the way
social relations, digital technologies and workshop practices co-produce different
socio-technical configurations of digital fabrication is paramount in order to be
able to critically examine how such diverse configurations relate to broader social
and environmental changes. All configurations will include certain interests and
value judgements that give priority to certain issues over others (such as inclusion
and/or sustainability), containing several possibilities for digital fabrication.
The next section briefly outlines digital fabrication in FabLabs.

The domestication of digital fabrication technologies in FabLabs

FabLabs are places where an object can be produced, from its idea to its digitalisa-
tion and its final physical shape (Biiching 2013). They can be found in many major
cities around the world and make up a global network of labs. They share projects
and knowledge through social media and meet up physically at international
events. There are currently about 440 FabLabs across 60 countries. Although
there is no formal process of setting up a FabLab, all of them have evolved from
the first lab that was established as part of the Massachusetts Institute of Technol-
ogy’s (MIT) Interdisciplinary Centre for Bits and Atoms course, entitled “How
to Make (almost) Anything” in 2002 (Gershenfeld 2005). FabLabs are conceptu-
ally embedded in a common set of requirements. This includes a common set of
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digital technologies: computer numerical control (CNC) milling machines and
routers,! three-dimensional (3D) printers,” laser cutters,® hardware tools and elec-
tronics. They also incorporate a shared FabLab Charter, that is a document that
outlines the shared values of labs. This charter outlines some of the key objectives
behind the FabLab network,

«  Fablabs are a global network of local labs, enabling invention by providing ac-
cess to tools for digital fabrication [...].

«  Fablabs share an evolving inventory of core capabilities to make (almost) any-
thing, allowing people and projects to be shared (see FabWiki 2012 for a full
list of objectives).

Over the past few years, FabLabs have attracted increased attention from media,
the general public, government, businesses and academia (Gershenfeld 2005).
Digital fabrication technologies are said to play not only a techno-economic role
in the near future but will also influence other social fields (e.g. work and home),
in particular, when they are located in community-based workshops (Walter-
Herrmann/Biiching 2013). Analogies are being made with the developments of
personal computers to demonstrate the potential impacts of FabLabs. They foster
collaborative, open and inclusive forms of innovation; decentralised manufac-
turing; and democratic access to digital fabrication technologies through a variety
of labs (see Smith et al. 2013 for a full overview); hence they are associated with,
for example, notions of empowerment (Walter-Herrmann/Biiching 2013), open
source (Pearce et al. 2010) and commons-based peer production (Benkler 2000).
Some academics and fabbers have referred to the labs’ potential to create post-
consumer sustainable societies (cf. Schor 2010).

Such claims have created a hype around digital fabrication, which some-
times risks extrapolating and inflating claims without considering participants’
own activities, aims in setting up spaces and motivations for joining these labs.
A recent special issue on “Shared Machine Shops” in the Journal of Peer Produc-
tion was more cautious about such coverage on digital fabrication and stated that
“Fablabs are not the seeds of a revolution” (Maxigas and Troxler 2014). Little social
science research has gone into studying such claims in relation to practices on the
ground, in particular, how the domestication of these digital fabrication technolo-
gies within FabLabs addresses the claimed wider social and environmental issues.
Although, as argued by Nascimento (2014), digital fabrication technologies are
not neutral, notions of empowerment, openness and sustainability are not neces-

1 A computer numerical controlled milling machine uses rotary cutters to remove
materials from a digital file.

2 A 3D printer is a technology that allows people to make three-dimensional solid
objects from a digital file through additive manufacturing processes.

3 Alaser cutter is a technology that uses a laser to cut materials from digital files.



Experimenting with Novel Socio-Technical Configurations

sarily inherent in them or the labs where they are used and domesticated. Within
the labs, the technologies get interpreted and adapted into existing patterns of
daily routines where “fabbers” have to learn about these technologies and develop
certain skills to use and integrate them.

Studying the activities of hackers, Hapnes (1996: 148) regards them as “a form
of socio-technical experimentation.” They transcend the divide between design
and use; as argued by Oudshoorn and Pinch (2005: 16), “the process of produc-
tion is not complete until users have defined the uses, meanings, and signifi-
cance of the technology.” FabLabs can be investigated in a similar light. They are
actively involved in challenging and creating the boundaries of digital fabrication,
frequently at the intersection of commercial and not-for-profit activities, through
using, adapting and integrating digital fabrication technologies into the daily
running of a lab. The domestication phases draw attention to examining technolo-
gies in use, practices and social relations in context, making visible the diverse set
of socio-technical configurations that “fabbers” experiment with and (potentially)
make up digital fabrication in the future. Such an investigation highlights the
kind of technologies, practices and social relations that support some configura-
tions over others that are linked to wider social and environmental issues.

Methodology:
Researching grassroots digital fabrication in FabLabs

In the context of digital fabrication, the paper investigates concepts derived
from the domestication literature in relation to the FabLab phenomena. Such an
approach draws attention to the diverse set of technologies, practices and social
relations that coexist in relation to digital fabrication technologies. The findings
presented here are drawn from a mixed-methods qualitative research study into
the FabLab network.*

I conducted an in-depth case study of a FabLab, called “FabLab Amersfoort,”
based in the Netherlands. Different from the majority of other labs, the people
from FabLab Amersfoort describe themselves as a “bottom up grassroots FabLab”
with the following aims: (1) “We want to become a sustainable Fab Lab” and (2)
“Iw]e plan to have our whole lab open source as soon as possible” (FabLab Amers-

4  The data for this paper were collected as part of the Centre on Innovation and Energy
Demand (CIED) Transformative Social Innovation Theory (TRANSIT) projects. The
TRANSIT project has examined a diverse set of grassroots initiatives to be able to
develop a theory of transformative social innovation. CIED investigated the drivers
and barriers to low-energy innovations. The author has been a research fellow on the
TRANSIT project from January 2014 until April 2015 and in the CIED from October
2013 until now. During this time, she conducted and analysed the empirical work
into the FabLab network.
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foort website, http://www.fablabamersfoort.nl/en). Drawing on a list of FabLabs
provided by the Fab Foundation, I looked at the local websites of FabLabs to
get familiar with the labs’ aims, activities, projects and technologies used. The
sampling of the case study therefore draws upon an extreme case sampling
strategy. Within this research, an extreme sample is characterised by its engage-
ment in notions of open source and sustainability and attempts to empower
people through collaborative working. Such characteristics are key when wanting
to explore between people and things in the labs and how they sit within broader
cultural, social and environmental aspects.

The case study comprises an in-depth site visit, including participants’ obser-
vations during the FabLabs opening hours (which were noted down in detailed
notes, such as interactions with the technologies), 25 informal face-to-face conver-
sations with fabbers in the lab (such as FabLab managers, visitors to the lab and
members of De War) and four more formalised interviews with the two founders,
Julia and Jan, and two long-term members who played a role in developing the
lab. Interview questions were based on gaining in-depth narratives of the histor-
ical developments of the lab and its technologies, aims and governance structure,
projects conducted, networking activities and future aspirations. Various web-
based materials, comprising videos and presentations, were added to the analysis
(such as talks presented by the founders, the FabLab website and newspaper
articles). The case study was published as an “innovation history” (Hielscher
2015), charting the history of the FabLab and outlining its day-to-day running.
The evidence gathered in this way was coded (using Nvivo), analysing the develop-
ment of the FabLab network and FabLab Amersfoort and, in particular, aspects of
governance of the lab, networking activities, social learning and narratives of tech-
nologies in use. The research team has published specific aspects of this analysis
elsewhere (Hielscher 2015; Smith/Hielscher/Fressoli 2015).

In addition to conducting the case study, the analysis was supported by
research that was aimed at gaining an overview of the global FabLab network
through participant observations at FabLab events and within European FabLabs
and in-depth interviews with fabbers. Participant observations were carried out at
the international Fabio conference in Barcelona 2014. In addition, ten labs were
visited in the UK, Portugal, Germany, Spain and the Netherlands throughout 2013
and 2014 (see Smith/Hielscher/Fressoli 2015 for a detailed description). During
this time, the research team was able to gain an overview of the structure of
the network, including internal debates and activities, and observe some of the
interactions with digital fabrication technologies. In addition to informal conver-
sations, 13 interviews with fabbers active in the network were carried out. This
consisted of two university researchers, seven practitioners who are involved in
the organisational aspects of the network and four practitioners who are involved
in the local activities of FabLabs and/or regional networks.

This paper draws on the four domestication dimensions (Serensen/Aune/
Hatling 2000) to interrogate the conflicts and negotiations integral to the domestica-
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tion process (Lie/Sgrensen 1996). The relationship between fabbers and grassroots
digital fabrication technologies in FabLabs and associated practices is examined
through operationalising the four domestication dimensions: acquiring, placing,
interpreting and integrating. Conflicts and negotiations are highlighted and
further interrogated in relation to wider claimed changes linked with digital fabri-
cation in grassroots digital fabrication workshops. Several negotiations can then
be identified, but the ones of interest to this paper are linked to two of the slogans
derived from the global FabLab network: (1) “how to make almost anything”
(Gershenfeld 2012: 42), and (2) “democratising access” to technologies (Gershen-
feld 2012: 48), as they are frequently linked to possible wider social and environ-
mental changes. The next section presents some of the key findings from this
examination.

Findings:
Domestication of digital fabrication technologies in FabLabs

This section examines the domestication of digital fabrication technologies in the
FabLab Amersfoort to draw out how fabbers acquire, place, interpret and integrate
the technologies into the lab. The Dutch FabLab Amersfoort opened officially in
2010. It was created to support a group of activities under the “De War” collective
based in an old factory in Amersfoort. The FabLab concept was an extension of
some of the making activities in which they were already involved, but they liked
the idea of encouraging other people to become more familiar with these tech-
nologies and creating networks of makers empowered to shape their own lives
and environments. The people from De War did not necessarily agree with the
€40,000-100,000 price attached to setting up a FabLab. Therefore, with a few
friends, they went about creating a FabLab in a week and with about € 5000, devel-
oping a grassroots approach to setting up and running a lab within the global
FabLab network (for a more detailed description, see http://fablabamersfoort.nl/
sites/default/files/Fab%20Lab%2olnstructable.pdf).

Domestication dimensions
Acquiring: Self-building digital technologies in collaborative projects

Several distinct digital fabrication technologies need to be acquired to be able to
set up a FabLab, as set out by the FabCharter. The acquisition of such technolo-
gies requires an initial cost of €40,000-100,000 in capital equipment. Most of
the Fablabs within the network followed this model and secured external funding
to be able to acquire their set of technologies. Similarly, the people of De War
approached several possible benefactors. Conversations went on for months,
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but funding never actually materialised. Not feeling deterred by these potential
setbacks, they looked for alternative ways to set up their lab, resulting in self-
building and self-assembling most of the technologies to keep costs low.

It all started off with a laser cutter, that is a technology that uses a laser to
cut materials, which they found on an online auction website and could afford to
buy. Five people put their own personal money together to acquire the technology.
The laser cutter enabled the group to build their own 3D printer, CNC router and
small PCB milling machine, as it could cut out the necessary parts for the other
technologies to be built. Johan,’ a regular visitor to the lab, and a team of fabbers,
for example, built the CNC router. He was a regular visitor to the FabLab and
asked whether he could use some of the technologies to build his hobby robots;
in exchange he offered to build the CNC router. Johan used to be a machinist in
his professional career and was used to building complex technologies. Six other
fabbers from the lab joined him, making it a collaborative project that took over 1.5
years before the CNC router could be used.

Materials for the self-built technologies came from receiving donations and
asking around for free parts, often relying on second-hand materials. Other equip-
ment such as workbenches, computers, soldering stations, and so on had to be
acquired for a low-cost price. To be able to keep costs low, they often had to rely
on open-source software and hardware, for example, openly available mechanical
drawings, circuit layout® design data and software source codes’ to avoid expensive
licences and labour costs by building and coding the technologies themselves:

Yes, and it’s also in having no money that we relied mainly on open-source software and
hardware... it was pure necessity. So we didn’t have any viable other options (Julia and Jan,
interview, October 30, 2014).

Open-source hardware and software repositories created by several global networks
(such as the Free Software Movement) were helpful in gaining access to design
plans and guidelines to build the technologies. Existing local networks connected
to De War, for instance, the OpenTOKO workshops, a series of “open knowledge”
get-togethers, provided an influx of people interested and skilled enough to inter-
pret these plans to assemble the technologies. Previous activities within De War
and associated networks played a vital part in pursuing alternative approaches,
rather than relying on external funds to acquire the digital fabrication technolo-
gies.

5  All the names from all of the fabbers have been anonymised.
A circuit diagram is a graphical representation of an electrical circuit.

7 A source code is a collection of computer instructions that is written by program-
mers using human-readable computer language. The code specifies the actions to be
performed by a computer.
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Placing: Do it yourself look and attitude

The self-building (and adapting) of the digital fabrication technologies deter-
mined more and more how they were placed into the lab, that is how people started
to display the technologies and identified with them. Once the laser cutter arrived
in the lab, a few of the fabbers tried to make sense of its workings by adding new
electronic parts to the technology so that the existing closed-source software could
be replaced with an open-source one.

This change to the software was marked through a visible switch on the
technology where the fabbers can choose to use either the open-source or closed-
source option by pulling a knob on the laser cutter. With the laser cutter in place,
the fabbers could cut out the wooden frame for the open-source 3D printer, called
Ultimaker, before self-assembling the printer during a self-build class at another
Dutch FabLab where they received the rest of its parts. Other technologies, such
as the PCB milling machine, started to become a continuous self-assembly project
where it sometimes could be used in the lab but most of the time was in a state of
improvement and repair.

Once the “fabbers” assembled the 3D printer parts, the development of the
technology did not stop there. A programming language was developed so that
the 3D printer could transfer digital drawings into 3D shapes. Julia remembers the
time when they had post-it notes all around the printer. The fabbers noted down
all the results of the conducted experiments around the possible settings for it. In
particular, Max, who is interested in programming software for hardware tech-
nologies, took on board the task to programme it so that it would become easier to
use, that is become user-friendlier.

Whilst building the technologies, fabbers who were interested in open-
source software programming and hardware self-assembly mainly used the lab.
Nowadays, the technologies are adapted so that they become user-friendlier for
the daily running of a FabLab where anyone would be able to use them. Each tech-
nology had to go through a similar process of reprogramming, creating manuals
for its use and changing the look of the technologies so that anyone coming into
the lab, even with little knowledge of digital fabrication, could use them to build
and make their own things.

Interpreting: FabLab Amersfoort’s relationship to the “outside” world

Open-source, user-friendly and sustainability ideas have determined the overall
design of the labs and its technologies through, for example, using self-cut,
reused and second-hand materials and designing particular signs. Such ways of
self-building the hardware not only made it easier to practically modify the tech-
nologies but also shaped the ways people interpreted them in relation to the labs’
developing aims:
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We use mostly self-built and open-source machines. We plan to have our whole lab open
source as soon as possible [...]. The focus of Fab Lab Amersfoort is on recycling of materials.
We want to become a sustainable Fab Lab (Amersfoort FabLab website, http://www.fablab

amersfoort.nl/en).

These aims have also shaped FabLab Amersfoort’s relationships to the FabLabs
network and local communities in Amersfoort. Fabbers at FabLab Amersfoort have
set up “FabFuse,” an annual international conference to share their knowledge
about setting up and running a grassroots FabLab (i.e. mainly based on self-build
technologies). The FabLab team has published several documents to outline its
approach. In addition to documents, the FabLab is engaged in sharing its project
ideas and design files with other labs in the form of FabMoments® (Troxler/Zijp
2013), building on its FabPublication’ ideas.

Although links to the global network exist, over the years FabLab Amersfoort
has become a place where “fabbers” broadened out the aim of “personal fabri-
cation to make (almost) anything” (Gershenfeld 2005) to ideas coming from
sustainability, open source and collaborative working. The Transitielab that was
established shortly after setting up the FabLab is an example of trying to combine
personal fabrication ideas with Transition Town ambitions, and in the process
broadening the FabLab approach. Projects have fallen under the topics of sustain-
able energy and food. Combining these ideas and practices has not, however, been
straightforward. For Julia, setting up a FabLab was about experimenting with
sustainability solutions, collaborative working and community building, but soon
after opening it up she felt that most of the people who came into the lab were
not interested in sustainability ideas; they were more keen on printing out their
designs on the 3D printer and never to return to the lab again.

Integrating: Everyday patterns of use in FabLab Amersfoort

As part of the process of opening up the lab to the local communities and the
FabLab network, “fabbers” continuously reinterpreted the technologies and design
of the labs, shaping the ways they are integrated into the lab: used, understood,
maintained, including what is made in the lab and who is part of it.

Nowadays, a newcomer coming into the FabLab would find various computers
connected to self-build digital fabrication technologies, mainly run on open-
source software. When spending some time in the FabLab, it becomes apparent
that even for a person who has used these technologies, the open-source and self-
build technologies and their use can, at first, be rather daunting. For instance,

8 FabMoments are detailed project descriptions conducted in a FabLab. They create a
repository that is often put on the labs’ website.

9  FabPublications is the name of FabLab Amersfoort’s FabMoments. It can be found
here: http://fablabamersfoort.nl/en/fabpublications.
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computer files produced on proprietary software at home, including mechanical
drawings to be printed on the 3D printer, often need to be converted into formats
that can be read by the open-source 3D printer. Using the self-build, open-source
3D printer therefore requires knowledge and skills that can be developed only
whilst engaging with it. Newcomers need to invest time and effort to use these
technologies, which partly require people to believe in the values and practices
that they represent.

Open-source ideas, as made visible and integrated in the technologies, needed
to be constantly balanced against making them user-friendly for newcomers.
“Fabbers” developed diagrams and hung them on the walls that show how the
hardware and software is connected with each other and how to make use of it.
Each technology and project built and conducted within the lab is further made
accessible by documenting its development on the FabLab Amersfoort website,
in the form of a “FabPublication,” that is a template to share projects, including
manuals, making descriptions and links to resources. During the weekly open
days, at least one experienced fabber is in the lab, either working on his or her own
project or helping others to get started. Such active steps of interpreting the tech-
nologies to be able to make them accessible for all are combined with an apprecia-
tion of self-taught learning.

You will have to at least try and figure things out yourself or with fellow visitors before

approaching the lab manager (Julia and Jan, interview, October 30, 2014).

The FabLab is founded on strong enthusiasm for autodidacticism (FabFuse event
August 8-10, 2014). In particular, for Julia, being an autodidact is connected to
feeling empowered, something that is important for her to translate into ways of
making in the lab. There is a supportive environment in which people support
each other and collaborate on projects; nonetheless, more experienced fabbers are
keen for people to work things out by themselves. Jan has affirmed this attitude
by stating that he is keen for the FabLab not to become a 3D printer “copy shop”
(Interview, August 19, 2014), but a place where everyone is expected to contribute
to sustaining the lab.

As already seen earlier, practices in the lab and attached values have steadily
become more formalised. In addition to starting to document projects as a way of
exchanging open-source ideas, people are asked to work autodidactically and give
up some of their time to maintain the lab. Nowadays, when entering the FabLab,
people are asked to pay €50 to be able to use the FabLab that they can earn back
through sharing their design in the form of a “FabPublication” or conducting
maintenance or repair work (i.e. the “work-flow” rules). The FabLab users are not
obliged to earn back the money but instead are able to pay for their visit. Informal
ways of working with each other, engaging with the technologies and developing
the aims of the lab, have become more formalised over time.
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Negotiations within domesticating dimensions

When examining the domestication of digital fabrication technologies within
FabLab Amersfoort more closely, it becomes apparent that the domestication
of these technologies is associated with several negotiations. As pointed out by
Serensen, Aune and Hatling (2000: 240), “to domesticate an artefact is to nego-
tiate its meaning and practice in a dynamic and interactive manner.” This section
draws out some of these negotiations apparent in the previous domestication
process and links them to broader social, technical and environmental ideas asso-
ciated with the FabLab network. Several negotiations can be identified, but the
ones of interest to this paper are linked to two of the slogans derived from the
global FabLab network (as shown in Table 1): first, making (almost) anything, that
is “how to make almost anything” (Gershenfeld 2012: 42), and second, democra-
tising access to novel production and consumption technologies, that is “democra-
tising access” (Gershenfeld 2012: 48), as they are often linked to wider social and
environmental changes implied in the slogans.

Although the aim of giving anyone the possibility of accessing digital fabri-
cation technologies to make almost anything is followed by all FabLabs, when
examining the domestication process it becomes apparent that these efforts are
sometimes far from straightforward to pursue. People within the lab have to
negotiate, first, who is able to use the FabLab, for instance, mediating between
user-friendly technologies and open-source ideas, and, second, for what purposes
should the technologies be used, for instance, mediating between free experimen-
tations and social and environmental practices. Investigating these negotiations
associated with “providing access to all to make almost anything,” the different
socio-technical configurations of digital fabrication and associated constellations
of the social networks become visible.

How to make almost anything

The slogan of “how to make (almost) anything” seems to suggest that what is
produced within a FabLab is not fully debated or questioned. It is the potential
of making almost anything with digital fabrication technologies that seems to
be of interest, that is “attitudes more engaged in experimenting for the sake of
experimenting, or yet making something only for the sake of using for instance
the newest tools” (Nascimento 2014:). Although such attitudes exist, some of the
FabLabs actively pursue a variety of social, economic and environmental aims
(Smith/Hielscher/Fressoli 2015).

From the start, the initiators of FabLab Amersfoort wanted to explore issues
of sustainability in their lab. To be able to do this, some of the digital fabrication
technologies were partly made out of reused and recycled materials. Moreover,
they have encouraged projects in which people could develop sustainable
design ideas or product service systems, but these projects have been rare in
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Slogans Negotiations: Negotiations: Negotiations: Negotiations:
Associated Acquiring Placing Interpreting Integrating
with FabLab
Network
How to make Creating open-  Experiment- Using the lab Advocating self-
almost any- source and ing with the to make your taught learning
thing self-assembly technological own sustain- to empower
technologies possibilities of  able products people needs to
needs to be digital fabrica-  needs to be be negotiated
negotiated with  tion needs to negotiated with ~ with becoming a
buying tech- be negotiated experimenting  copy shop where
nologies and with creating with digital people just print
owning them.  technologies fabrication their things and
that help people technologies leave.
to make their for the sake
own things and  of it.
realise their
projects.
Democratis-  Developing the  Continuously Sole ideas of Experiment-
ing access technologies modifying the  personal digital ing with digital
within techno-  digital fabrica-  fabrication fabrication tech-
logical knowl-  tion technolo-  need to be nologies for the
edge networks  giesinthelab  negotiated with sake of it needs

needs to be
negotiated with
encouraging an
active participa-
tion from local
communities
within these
processes.

needs to be
negotiated with
maintaining
and keeping
them up so that
fabbers can

use them on a
regular basis.

broadening out
the approach to
wider inter-
pretations, for
instance, of
sustainability.

to be negotiated
with making
technologies that
are user-friendly
and can be used
by all.

Table 1: Negotiations associated with the domestication dimensions of digital fabrication
technologies within FabLabs

the lab. During a session on FabLabs and sustainability at a FabFuse event, Julia

explained how frustrated she felt once she realised that the people who come to

the lab have mainly been interested in printing out one particular design, never to

return to the lab again or experiment with the self-build technologies, rather than

actively think about exploring sustainability ideas in making. According to a study

conducted by Kohtala and Hyysalo (2015: 334):
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Those competent and interested in assessing environmental impacts were different people
from those competent and interested in keeping track of rapidly evolving new technologies

and materials for making.

As opposed to self-build, open-source practices, activities surrounding the issues
of sustainability are rather rare within digital fabrication labs (Kohtala and
Hyysalo 2015). Open-source ideas are currently more strongly interlinked with
the development of digital fabrication technologies through sharing design and
software ideas on collaborative platforms (e.g. through GitHub'). Various groups
already engage with these technologies in their spare time through self-building
processes, documenting them widely on the Internet to share their learning, even
beyond the FabLab network. Such activities have shaped the ways digital technolo-
gies are acquired, placed, interpreted and integrated in the lab. Not only can they
be connected to wider social and technological goals (Séderberg 2013) but also they
can be linked to ideas of having fun with the tinkering process and testing the
limits of technologies (Smith/Hielscher/Fressoli 2015).

Although such practices engage in questions such as “Why does technology
need to be closed, owned and seamless?” “Why could most technologies not
be designed for people to build, hack and fix them?,” and “What is the role of
digital fabrication within current mass production systems?,” they do not seem to
question what types of things should be made with digital fabrication technolo-
gies, that is the wider social and environmental role of the material outcomes of
digital fabrication. The products produced as part of the Transitielab in FabLab
Amersfoort could often have been as easily created without digital fabrication
technologies, raising questions about the role of FabLabs in wider social and envi-
ronmental changes.

The domestication process demonstrates that notions of sustainability
(and potentially other social and environmental goals) are not inherent in the
technologies and the lab. They might allow affordances towards incorporating
such notions but are not actively integrated in socio-technical configurations in
the lab such as the design of the technology. Moreover, groups of fabbers who
engage in sustainability activities are still rare (Kohtala and Hyysalo 2015). It
seems that some notions (such as open source) associated with FabLabs can
be more readily incorporated within the daily practices of the lab because they
can more readily link to existing social networks, whilst some others (such as
sustainability) need to be more actively embedded in the socio-technical config-
urations of the labs.

10 GitHub is a collaborative platform for anyone who wants to develop software within
peer-to-peer networks.
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Democratising access

Over time, open-source ideas and practices have become an integral part of the
FabLab through self-building digital fabrication technologies, whilst developing
associated rules, diagrams and signs. Such efforts have configured fabbers’ inter-
actions with the technologies and led to adjustments in their designs, for example,
through an open-source switch. However, these endeavours, as demonstrated by
the domestication process, frequently need to be negotiated: attempts to make the
lab and its technologies accessible to all, that is making them more user-friendly,
need to be negotiated with activities that are pushing the boundaries of open-
source digital fabrication (Soderberg 2013) and self-replicating technologies (Jones
et al. 2011), or even with pursuits of experimenting with these technologies for the
sake of engaging with novel technologies (Nascimento 2014).

Significant attempts are being made in the FabLab to work more collabora-
tively and ease the integration of newcomers; however, there seems to be little
overlap between the people who want to build and develop the technologies and
newcomers to the lab. Some of the people who have developed the technologies
have even started to look towards other technological communities (such as Hack-
erspaces) where they can pursue their interests of exploring ideas of open source
or professionalise their activities by setting up start-up companies and therefore
rarely come to the lab. This has meant that the FabLab has struggled to find
enough people who could run the lab; share their knowledge; and build, repair
and maintain the technologies. In addition, newcomers have to follow rules and
interpret diagrams, as developed by the fabbers who built the technologies.

Within the FabLab network, open-source, self-built activities have been associated
with attempts to create alternatives to mass manufacturing and proprietary software
and hardware tools (Soderberg 2013) that are characterised by collective actions
towards creating innovations. As highlighted by the domestication process, such activ-
ities require knowledge about soldering, mechanics, electronics and programming
that might be daunting to a newcomer to these activities (Fleischmann/Hielscher/
Merritt 2016). What does it mean to make digital fabrication technologies accessible
and, in the process, democratise their use are questions that are negotiated within
the domestication process of digital fabrication technologies within FabLabs.

As the examination of FabLab Amersfoort has shown, such negotiations shape
existing social networks and socio-technical configurations (and conception of
proper use) where some people decide to leave the lab. This departure of people
makes collaborations between fabbers and newcomers more difficult, and some
technologies cease to function (atleast for a while) because they are no longer worked
on or maintained. Still, some fabbers stay and even come back whilst newcomers
arrive and take up the challenge to actively engage in these negotiations, creating
manuals, diagrams, signs and technologies that allow for several activities to exist.
These sometimes compromise some of the initial open-source, self-built design
features or design features that make the technologies more user-friendly.
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Discussion

The focus of the paper has been the examination of the domestication process,
relating to digital fabrication technologies within FabLabs. This investigation has
revealed several negotiations associated with the domestication of these technolo-
gies and how they relate to wider social and environmental changes. Indeed, the
analysis draws attention to two specific issues: first, the dynamics of social rela-
tions between social groups and networks within daily production and consump-
tion patterns and, second, the relationships between technologies and people
within daily practices.

Social relations and networks within everyday practices

The domestication dimensions shed light on how meaning is given to digital
fabrication technologies through building, using and modifying them. As argued
by Nascimento (2014), digital fabrication technologies are not neutral: they are
linked to the social processes in which they are created and used (Pinch/Bijker
1987). The self-building of the digital fabrication technologies attracted a group
of people, and associated practices to the lab, skilled enough to engage in these
activities. Efforts from some of the fabbers to make the technologies user-friend-
lier further shaped the design of the technologies and associated socio-technical
configurations. With the arrival of newcomers and the mixing with other local
groups (such as the local Transition Town initiative), negotiations started to
emerge surrounding the usability of the technologies and the purposes of their
usage, changing the social-technical configurations of the lab, including its prac-
tices and technologies (see Table 2 for a detailed outline of the negotiations asso-
ciated with the domestication dimensions that raise broader social and environ-
mental issues).

As pointed out by Harwood (2011: 86), “the flexibility in the interpretation
of a technology leads to various social groups emerging, each holding their
own views about the problems and their solutions.” It is, however, not only the
emergent social groups that are of interest when thinking about wider socio-tech-
nical changes but, in particular, the negotiations between these social groups.
In FabLabs, the social groups come together within a physical lab of producing
and consuming whilst actively negotiating: first, who is able to use the lab, for
instance, mediating between participation, knowledge exchange and user-
friendliness and, second, for what purposes should the technologies be used, for
instance, mediating between open-source, experimentation, social and environ-
mental practices.

These negotiations reveal the diverse facets of social associations and possible
socio-technical configurations associated with digital fabrication technologies.
For instance, in relation to providing access to all, the domestication process does
not simply draw attention to the binary division between those with or without
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access but to the forms of exclusion and inclusion based on the design of the tech-

nology and the skills needed to engage with them. Keeping the social groups and

aims of the lab diverse seems to be key when wanting to explore wider material

pluralities of digital fabrication and their possible configurations that are further

discussed in the next section.

Slogans Wider issues: Wider issues: Wider issues: Wider issues:

associated Acquiring Placing Interpreting Integrating

with FabLab

network

How to make = Why does tech- What social, po- What should How can

almost any- nology need litical, cultural ~ be the role FabLabs em-

thing to be closed, and economic  of social and power people
owned and roles can grass- environmental  to participate
seamless? Why  roots digital issues within and engage in
could most fabrication grassroots digi-  socio-technical
technologies technologies tal fabrications? developments
not be designed play in current ~ Will FabLabs associated
for people to production and move towards ~ with current
build, hackand consumption intensified con-  production and
fix? systems? sumption? consumption

systems?

Democratis- ~ Who is rep- How does peer- What kind What does it

ing access resented in to-peer net- of FabLabs mean to design
FabLabs and working need  could enable user-friendly
is currently to be organised ~ widespread grassroots digi-
participating?  and structured  participation tal fabrication
Who should so that anyone  in sustain- technologies
participate in can take part? able design, that can be used
developing How can these  production by all? How can
grassroots digi- networking and consump-  (or not) these
tal fabrication  possibilities tion? How user-friendly
technologies? revolutionise can FabLabs technologies
What kind of current means  work with local  revolutionise

knowledge and
experiences are
needed?

of producing
and consuming
to make it more
democratic?

communities
to generate
conditions for
sustainability
in society?

current means
of producing and
consuming?

Table 2: Negotiations associated with the domestication dimensions raise wider social
and environmental issues
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Experimenting with socio-technical configurations

The domestication dimensions of digital fabrication technologies within FabLabs
make it apparent that these labs blur the boundaries of design, production and
consumption. Digital fabrication technologies are built, taken up and used whilst
things are designed and produced with them. In the process, these technologies
are domesticated into the daily practices of the lab, for instance making them user-
friendly, accessible and inclusive. At the same time, they play a part in shaping the
routines in the lab through facilitating the conduction of collaborative activities
and open-source hardware projects.

The routines are reproduced to make digital fabrication technologies mean-
ingful where in fact design, production and consumption itself can be perceived
as a contested terrain. Such negotiations are based on the following questions:
Why does technology need to be closed, owned and seamless? Why could most
technologies not be designed for people to build, hack and fix them? What social,
political, cultural and economic roles can grassroots digital fabrication technolo-
gies play in current production and consumption systems? (see Table 2). The nego-
tiations derived from the domestication dimensions demonstrate that different
socio-technical configurations (such as open-source design and self-build fabrica-
tion technologies) that make up digital fabrication are possible.

Such socio-technical configurations can develop differently within FabLabs,
depending on some of the developing aims and outcomes of these negotiations,
for instance encouraging entrepreneurship, building community resilience,
exploring sustainability issues, experimenting with digital fabrication technolo-
gies and facilitating learning by doing within education institutions (Smith/
Hielscher/Fressoli 2015). Through the active engagement in these negotiations,
grounded in regular interactions with digital fabrication technologies, FabLabs
grow to be places where diverse sets of socio-technical configuration of digital
fabrication become visible and practiced. Such configurations open up several
technological pathways for digital fabrication, including the potential consider-
ations of social, political and environmental goals and alternatives to current mass
production and consumption systems.

Some socio-technical configurations have been more readily incorporated and
negotiated within the daily practices of a FabLab (such as the use of open source
technologies and collaborative working to create self-build technologies) and
possibly in larger-scale digital fabrication processes, whereas others (e.g. sustain-
able design ideas) need to be more actively embedded in the technologies and prac-
tices of the labs. A deeper analysis of these dynamics might therefore be necessary
to build an understanding of the various user and technology interactions within
digital fabrication, that is socio-technical configurations and potential for wider
social and environmental changes.
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Conclusions

The research questions were: how do the interactions between “fabbers” and digital
fabrication technologies play a role in developing workshop practices, and how do
they relate to broader social and environmental changes? In seeking answers, the
paper drew on concepts from the domestication literature to examine the research
questions.

In analysing the interactions between “fabbers” and digital fabrication tech-
nologies, the close-knit relationships between them as well as the influence of
associated social networks become apparent. Through self-building, adapting and
using digital fabrication technologies and creating, for instance, design features
and manuals, the technologies are integrated into the day-to-day running of the
lab. These activities co-produce ways of working in the workshop and links to social
networks associated with open-source ideas. Other ideas, ambitions and practices
require more work and experimentation to integrate in the lab. The domestication
process is not straightforward. Several tensions emerge when ways of adapting
and using digital technologies and associated practices are brought together with
other FabLab ambitions, that is providing access to all to make (almost) anything.
Several negotiations transpire in which practices and technologies need to be
reconfigured and influence the constellations of the social networks.

Such negotiations associated with the interactions between people and technol-
ogies might be of interest to scholars working on grassroots digital fabrication work-
shops for several reasons. First, these negotiations bring to light diverse, possible
socio-technical configurations linked to the use and design of digital fabrication
technologies and associated practices (which can be easily missed when purely
focusing on the diffusion of technologies). Manuals, social networks and design
features can encourage and enable certain practices and vice versa. Such diverse
configurations of digital fabrication are of particular interest to scholars wanting
to investigate or pursue issues of sustainability, peer-production, open source and
inclusiveness within wider social and environmental changes (see, for instance,
Kohtala/Hyysalo 2015). It might be critical that research on grassroots digital fabri-
cation workshops examines the diversity of socio-technical configurations and how
they address social and environmental issues to be able to highlight possible inter-
ests and value judgements that give priority to certain digital fabrication practices
over others, rather than focusing on single issues (such as sustainability).

Second, an analysis of the negotiations provides key insights into the ways
fabbers attempt to materialise their thoughts, ambitions and practices. Although it
has been acknowledged that explorations concerned with wider social and environ-
mental goals do not seem to be inherent in digital fabrication technologies (Nasci-
mento 2014), interactions between the technologies and fabbers and associated
socio-technical configurations allow for such issues to be problematised. In relation
to inclusiveness, the domestication dimensions not simply draw attention to the
binary division between those with or without access but to the forms of exclusion
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and inclusion based on, for example, the design of the technology (and lab) and the
skills needed to get engage with them. The wish and aim to open the FabLab for all is
something that needs to be actively integrated into the lab and mediated with other
practices. Through materialising and investigating these ambitions, “fabbers” and
academics have the potential to draw attention to “forms of exclusion and inclusion”
and find socio-technical configurations that address these issues in novel ways.

Further, when thinking about how to provide support to grassroots digital
fabrication workshops and engage in their activities as a policymaker, technolog-
ical developer, and so on, it is important to not only think about pragmatic drivers
of how to promote and scale up novel socio-technological innovations developed
in workshops, but also recognise them as spaces of experimentation (as similarly
argued by Hapnes 1996) as they make negotiations surrounding, for instance,
who should get involved in digital fabrication and what should be produced with
these technologies visible. These negotiations allow for varying socio-technical
configurations and conceptual ideas associated with digital fabrication to develop.
They embody varying practices of making and designing, interpretations of digital
fabrication, technological designs and ways of acting on questions relating to
novel ways of producing and consuming. Such socio-material experimentations,
as highlighted by the domestication dimensions, have therefore got an intrinsic
value, in particular, when thinking about wider social and environmental ambi-
tions that require early investigations into the possibilities of digital fabrication.

Finally, whilst I have found the domestication approach to be helpful in
shedding light on the ways digital fabrication technologies are integrated into
FabLabs, the findings show that wider social networks and their activities also play
a key role in influencing how technologies are used and adapted in the workshop.
Fabbers draw on wider networks (such as the Free Software Movement), associ-
ated activities (such as self-assembly of technology practices) and software and
hardware repositories (such as GitHub) to domesticate digital fabrication technol-
ogies and create practices within their own lab. Future research on domestication
could think not only about different settings than the home (Haddon 2007) when
progressing the domestication approach but also about the role of wider social
networks and their activities in contributing to local domestication processes
outside the home.
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