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Abstract: 

Our paper applies the concept of real-life experiments and real-life laboratories to shared 

machine shops. These workshops provide niches for experimental learning that expand the 

scope of established modes of research and development which are predominantly embed-

ded in professional contexts of industry or science. Shared machine shops provide infra-

structures for novel forms of collaboration as well as self-selected participation of hetero-

geneous actors. We will illustrate our concept with two examples of innovations in shared 

machined shops: low-cost-prosthesis and open hardware 3D printers. We will show that 

shared machine shops embody significant properties of a reflexive innovation society and 

can be considered as real experiments in themselves in which new forms of inclusion, col-

laboration and openness are tested.         
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1 Setting the Scene: the nature of networked innovation 

From its very beginnings modernity could be described as a social formation which values 

innovation. It embraces the production of new ideas, practices and technologies. The task of 

innovation, however, was usually carried out by specialized experts (inventors, researchers and 

developers) in specialized areas (laboratories of universities, research centers and R&D de-

partments).  

As long as only a small sector of society engages in innovation it might be an exaggeration to 

speak of modernity as an innovation society, but in the light of recent developments the diag-

nosis of an innovation society is gaining new plausibility. Innovation has become heterogene-

ously distributed, ubiquitous and reflexive: Innovation is increasingly produced by heteroge-

neous networks which involve actors from divergent social fields. Innovation therefore leaves 

the traditional sphere of the restricted laboratory and is transformed into an ubiquitous prac-

tice. The growing knowledge about innovation also leads to a reflexivity of innovation itself. 

The transformation of the very processes and structures of innovation has become a target of 

innovation practices (Hutter et al., S. 2).  

According to Østergaard et al. (2013) innovation nowadays is primarily network-driven. It is 

structured by new modes of communication, interaction and production that have emerged 

from the internet. It is increasingly acknowledged that innovation is not something that hap-

pens inside organizational boundaries but rather a complex social process that transgresses the 

borders of labs and R&D departments.  

Since Castells’ description of the “Rise of the Network Society” (Castells 1996) the diagnosis 

of a transformation of social structures in reaction to the emergence of new media of com-

munication has become commonplace in the social sciences (Baecker 2007, 2011). One im-

portant feature of our innovation society is its hyper-complexity. Society has reached a stage 

of complexity which makes it impossible to predict complex social developments (like market 

developments) because of an ongoing differentiation of individual values and preferences, the 

formation of new forms of interaction and “crowd” behavior, and a growing technological 

infrastructure that supports the rapid diffusion of ideas in an unprecedented way.   

These technological and cultural changes challenge the central role of the organization as the 

center of innovation. In the economic literature Coase (1937) asked the question why firms 

exist in the first place (and not just markets). Coase reconstructed the function of the organi-

zation in the economic sphere as a medium to decrease transaction costs. Within the bounda-

ries of the organization complexity is reduced and a common pool of resources and 
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knowledge is established. Innovation as a social process is more likely if several experts with 

specialized skills come together under the umbrella of an organization. Organizations allow 

for a coordination of innovation practices.  

With the rise of the Internet a different medium of coordination has emerged. Not only has it 

become possible to interact with people across the globe, but also to share ideas which might 

contribute to the emergence of an innovation. To gain access to the expertise that is desired 

and needed for innovation practices (but located outside of the organization) is much easier 

nowadays (Lakhani et al. 2013). It has also become evident that people without formal and 

certified expertise (Collins 2002) might contribute to innovations. Hence, novel economic 

approaches like “open innovation” (Chesbrough 2011; von Hippel 2005) and “user integra-

tion” (Hoffmann 2012) have emerged, that signify recent organizational reactions to the para-

digm of network-driven innovation.  

In parallel to (and partly in conjunction with) the opening of organizations, new communities 

of actors have appeared who share knowledge and information out-side organizational bound-

aries. They invent and create without first and foremost being motivated by money. Linux and 

Wikipedia are the prime examples of this new mode of decentralized and hierarchy free peer 

production (Benkler 2006). Some authors suggest that the very logic of capitalism might be 

transformed by this new mode of coordination. They see peer production as a new economic 

model that fits with the logic of decentralized networks (Bauwens 2005; Benkler 2006; Zuboff 

2010).     

In this paper we will contribute to this discussion on new forms of innovation and produc-

tion. Following recent discussions on real-life experiments in science and technology studies, 

we will argue that experimentation is an important feature of innovation practices. Just like 

innovation, experimentation has also become a ubiquitous, heterogeneously distributed and 

reflexive practice. Especially in the recently emerged community- and peer-based forms of 

production, the freedom to experiment plays a major role. In contrast to the limitations of 

experiments embedded in hierarchies and the imperatives of formal organizations, peer com-

munities provide settings where actors are primarily intrinsically motivated and free to join and 

leave these communities and this is likely to cause an increased freedom to experiment (Al-Ani 

2013).       

With the current focus on the importance of networks and digital media it is easy to forget the 

relevance of physical spaces of innovation. But, especially when the result of a coordinated 

effort is not an immaterial good but something tangible (like a piece of hardware), physical 

infrastructures and material resources beyond digital platforms are necessary. We therefore 
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introduce the concept of real-life laboratories as new places for experimental innovation prac-

tices. Shared machines shops (SMS) are a perfect example of these new laboratory spaces. 

They embody the values of ubiquitous, heterogeneously distributed and reflexive experimenta-

tion. They provide new laboratory infrastructures outside of hierarchical organizations while 

being embedded in the digital and fluid networks of a new experimental culture.  

However, like social studies on laboratory life have shown, the boundaries be-tween the labor-

atory and the rest of society are not absolute (Latour 1983). We use two examples of innova-

tions in shared machined shops (low-cost-prosthesis and open hardware 3D printers) to show 

that peer production as a new form of innovation is still in a fragile niche phase. It is sur-

rounded by an innovation regime that implicates commercial logics and patterns of market 

regulation and thus reveals tensions with the particular practices of experimental exploration 

which are constitutive for the open and community-based approach of SMS.   

2 Laboratories in the Wild 

Shared machine shops like Fab Labs, TechShops, maker- and hackerspaces are relatively new 

phenomena. As this special issue demonstrates, these workshops are currently a rather “hot” 

topic. They are framed as nuclei of collaborative grass-roots fabrication that could revolution-

ize and democratize manufacturing or may even replace capitalist patterns of production and 

consumption (Smith et al. 2013: 4). But are shared machine shops actually the constitutive 

elements of a new industrial revolution (Anderson 2012) or will they remain idiosyncratic 

niches? We think that it is still too early to answer a question like this. Maybe the question 

itself is wrongly phrased. In this paper we will offer a different perspective on shared machine 

shops. These workshops can be taken as experimental settings where new visions, practices 

and technologies are developed, tested and refined. SMS are laboratories of a new kind. These 

laboratories are neither detached from society, nor are they only accessible for professionals. 

Instead shared machine shops are real-life laboratories. In the following section we will elabo-

rate on this concept. 

2.1 Real-life experiments as a feature of innovation societies 

Experiments are a defining feature of modern science (Hacking 1983; Pickering 1995; Rhein-

berger 2002). In the scientific worldview not the study of ancient traditions but the inquiry of 

nature by means of experimentation is regarded as the most suitable path to knowledge. The 

paradigmatic place of experimentation is the laboratory, a special setting constructed for the 

performance of experiments. In the traditional, truth-seeking form of knowledge production – 

labeled “mode 1” by Gibbons et al. (1994) – the function of the experiment was the construc-
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tion of facts and the function of the laboratory was the “purification” of this construction 

(Latour 1993). Local observations in these controlled settings form the basis for the generali-

zation of facts which can be transferred to the outside world. As long as the central goal of 

science was the pursuit of truth, the boundaries of the laboratory could hardly be solid enough 

in order to exclude outside influences which might contaminate the experiment and would 

hamper insights into cause and effect relationships.  

In innovation society this mode of knowledge production has been displaced by more con-

text-driven and problem-focused projects. In this so-called “mode 2” (Gibbons et al. 1994) of 

knowledge production, experiments often take place out-side controlled settings – or even 

beyond scientific contexts. The notion of experiments outside the closed space of laboratories 

is plausible if we conceive experiments not as a scientific practice per se but in a more general 

and abstract manner.  

In his analysis of the relation between experiment and modernity Krohn (2007) has shown 

that the semantics of experimentation can be found in heterogeneous contexts of modern life 

such as experimental literature, wars (as contexts for the experimental use of new weapons) 

and experimental forms of urban development. In all these contexts the term “experiment” is 

used to designate systematic learning practices by means of specific technical or social installa-

tions. Learning is not used as a normative term here but as an analytical concept. Learning 

occurs if individuals or social systems break with established routines and create something 

new. Learning makes use of “irritations” that change the “usual way of processing infor-

mation” (Mölders 2014: 2). In experiments, social, technical and/or natural conditions are 

ordered and arranged in a specific way to encourage this kind of learning from irritations, and 

hence the establishment of new routines.  

It is this systematic approach to learning by means of remodeling (material or im-material) 

conditions that distinguishes experiments from those ordinary practices of trial and error that 

occur in everyday life on a regular basis and sometimes even unintentionally. Experiments 

allow it to try something new and risky and accept the occurrence of failure. Furthermore, 

experimental settings also aim to systematically learn from those mistakes. Experiments, there-

fore, combine an amount of freedom and control not usually found outside experimental set-

tings.   

Krohn notes that Darwin’s evolutionary theory of variation and selection might suggest that 

nature itself is experimenting (Krohn 2007: 346). But this confuses the categories of evolution 

and learning. Evolution is blind; learning is the result of reflection (Mölders 2011). Evolution 

produces variations bottom-up, without intention, planning or control. Learning can also oc-
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cur spontaneously, but – especially in modern society – we can observe the emergence of in-

stitutional orders that aim to encourage learning like laboratories (or classrooms). While not 

only natural but also social change is mostly the result of evolution, in modernity learning has 

become an important alternative mode for the production of variations: of new ways of doing 

things that break with established routines. Also experiments, those special techno-social ar-

rangements for learning, now take place in many different social contexts (Krohn 2007).  

In innovation societies the need for experimental learning has widely increased. In cases like 

genetic field experiments, prototyping in research and development, or beta releases of soft-

ware products, experiments become real-life experiments (Krohn 2007; Groß et al. 2003). 

Mathias Groß even suggests that nowadays con-trolled laboratory experiments have become 

the exception, while real-life experiments have become the norm (Groß 2013: 196).  

2.2 Real-life laboratories: Niches for real-life experimentation 

While experiments might have left the closed spaces of scientific institutions, the world out-

side these institutions is also changing. Krohn and Groß suggest that society itself turned into 

an experimental setting that itself begins to resemble laboratory life itself (Groß und Krohn 

2005). 

Laboratories in contexts of research and development are institutional spaces that create a 

boundary between science and society. What happens in laboratories shouldn’t bother the rest 

of society – and vice versa - the outside world shouldn’t be bothered by the small socio-

technical world of laboratory life. The world inside the laboratory becomes “a world on pro-

bation” (Krohn 2007: 348, translated by the authors). But even in the world of pure science 

this boundary between the inside and outside world is fragile, as science studies have shown 

(Latour 1983). On the basis of the more general notion of experiment developed above, the 

concept of the laboratory can also be expanded. Laboratories are not only closed rooms de-

tached from the rest of society, they can be all kinds of (more or less protected) spaces in 

which the arrangements necessary for experimentation can be installed. Hence, laboratories 

are not only places in which facts are produced and reproduced but also – and maybe fore-

most – places that facilitate installations and constellations which enable irritation and learning 

(which again may or may not form the basis of new facts). This more open understanding of 

laboratories can be traced back to the Chicago School of sociology and is currently revitalized 

in science and technology studies as well as in environmental science (Latour 1983; Groß und 

Krohn 2005; Schneidewind und Scheck 2013). 
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In environmental science the concept of real-life laboratories (Schneidewind and Scheck 2013) 

was recently developed to describe semi-protected spaces that are established for experiments 

between knowledge generation and knowledge application; where new kinds of socio-

technical practices are developed and tested. A real-life laboratory is neither a closed room, 

designed to control all relevant experimental boundary conditions, nor a borderless space like 

“society”, “the market” or the “internet”. Real-life laboratories instead create a semi-open 

spatial and social microcosm, where failures are allowed, irritations are welcome, and learning 

is encouraged.  

An important feature of real-life laboratories is their transdisciplinary and open-ness. Not only 

certified experts can gain access to these places. They are rather spaces that encourage the 

interaction of experts and so-called “lay persons”, who might indeed be (uncertified) “experts” 

as well and who can contribute to ongoing real-life experiments. In the closed space of tradi-

tional laboratories in universities and R&D departments of firms, the presence of these non-

certified experts would not be allowed (at most as “subjects” of an experiment or “visitors” to 

the laboratory) and their knowledge would be excluded from the processes of innovation, 

experimentation and collaborative learning (Collins and Evans 2002).     

In the context of innovation society real life-laboratories provide niches for path-breaking 

innovations. The concept of niches was developed within an evolutionary multi-level perspec-

tive on innovation and transition (Geels 2011; Geels und Schot 2010). It highlights the im-

portance of hegemonic socio-technical regimes as selection environments for innovative varia-

tions. They constitute stable and dominant ways of realizing societal functions. These regimes 

form the ‘deep structure’ of socio-technical systems. They can be understood as interrelated 

social rules and routines, cultural beliefs and practices and technical infrastructures that guide 

the activities of policy makers, market actors and engineers alike (Geels 2011: 27; Smith et al. 

2010: 441). 

Regimes encourage incremental innovations along certain paths but create structural disad-

vantages for path-breaking innovations and therefore limit forms of learning. Niches provide 

spaces where new ideas and technologies are developed while being (partially) protected from 

the dynamics of the current socio-technical regime: Niches shield path-breaking innovations 

against the selection pressure of the regime and innovations and they nurture these innova-

tions through the (1) articulation of expectations and visions, (2) the building and expanding 

of social networks and (3) the encouragement of learning on technical, economic, political, 

and cultural dimensions  (Smith und Raven 2012: 1026–1030; Geels 2011: 28). The more the 
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focus of niches is on learning, the more the function of niches as an experimental setting 

comes to the fore. 

2.3 Shared machine shops as real-life laboratories 

In the recent literature on real-life laboratories those settings are typically under-stood as ra-

ther large entities like cities, regions or organizations (Expertengruppe „Wissenschaft für Na-

chhaltigkeit“ 2013, S. 16). In our paper however, we apply the concept to places whose scope 

and design is closer to traditional laboratories: shared machine shops like hackerspaces, mak-

erspaces, Fab Labs and TechShops. If applied to large and more or less unbounded areas like 

cities, the concept of the real-life laboratory might remain a rather metaphorical description. 

In contrast to cities shared machine shops are places with a distinct identity shaped by exper-

imentation, innovation and learning. They also embody the blur-ring of boundaries between 

experts and lay persons, or – following Collins and Evans (2002) – certified and non-certified 

experts. In the case of SMS the latter could, for example, be students, hackers, makers and 

hobby inventors.     

Shared machine shops can be understood as real-world laboratories that develop and test new 

practices in the dimensions of creativity, sustainability and inclusivity (Smith et al. 2013: 5–6). 

They can be understood as laboratories for creativity, where design ideas can be shared, a 

hands-on mentality can be cultivated and new skills can be acquired. They might also be places 

of serendipity, where experts and professionals meet with hobby enthusiasts and DIY innova-

tors and work together on new, unexpected projects. In many cases sustainability is an explicit 

goal of such spaces. Technologies of digital fabrication like 3D printing (which is constitutive 

for Fab Labs and TechShops and commonplace in maker- and hackerspaces) are often framed 

as green technologies, because of the additive production process and the possibility to pro-

duce things locally.  Furthermore shared machine shops might engage in recycling and upcy-

cling of products and subscribe to post-consumerist values. Shared machine shops can also 

foster a more inclusive form of innovation and production and give marginalized parts of the 

population access to tools and networks; hence, they are also associated with hopes for user 

empowerment (Smith et al. 2013: 5–6; Dickel 2013; Walter-Herrmann and Büching 2013).  

It is still unclear which of these promises can really be fulfilled by shared machine shops, but 

maybe this is not entirely the point. If we think of SMS as real-world laboratories it is not so 

important if the shops themselves are already decentralized factories of a new kind with per-

fectly sustainable and inclusive modes of production that must only be up-scaled. If we take a 

step back and view them fore-most as real-world laboratories it is more important to systemat-
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ically learn from the practices in these workshops. Learning from their successes can therefore 

be as important as learning from their errors. The multidisciplinary communities and net-

works which connect these workshops at local, national and transnational levels can then not 

only be framed as an emerging (maker) movement but also as a new “experimental culture” 

(Rheinberger 2002: 149–150) which inspires the ways in which new laboratories are construct-

ed, reflects on the experiments made, and may change and adapt them if necessary. The crea-

tion and alteration of shared workshops can then be understood as a second order experi-

ment: a large scale experiment where every real-life laboratory is itself a unit of experimenta-

tion.   

How the results of these experiments are used, however, may easily escape the sphere of influ-

ence of the laboratories. Will the ideas, technologies and practices developed in shared ma-

chine shops be integrated in the existing regime of production or may they serve as blueprints 

for a new socio-economic regime? This leads to the question of empowerment, a third func-

tion of niches (besides shielding and nurturing) which was recently developed by Smith et al. 

(2012). The authors understand empowerment as practices that increase the competitiveness 

of innovations when they are realized in the world outside the niche. Empowerment can be 

realized in two ways: (1) by adapting the innovation in a way that conforms to the rules of the 

regime, or (2) through a restructuring of the regime that surrounds the niche.  

3 From real-life experiments to real-life innovations 

Shared machine shops constitute a new environment for exploration in various fields of tech- 

and design-related topics that, compared to the mode-1-laboratories mentioned above, reveal 

unique properties: Since these workshops are typically organized around community-based 

principles (one has to admit tech-shops as a commercial exception here), participation de-

pends rather on common interests, shared values, and intrinsic motivation than on disciplinary 

boundaries and professions. Following this approach, shared machine shops offer new oppor-

tunities for collaboration and co-operation among heterogeneous actors that contribute their 

particular expertise and visions to any given context of shared interest. This often causes crea-

tive friction which may lead to solutions that could also gain innovative momentum outside 

the shared machine shop. Based on a secondary analysis of two different inventions which 

have their origins in hackerspaces and FabLabs, it shall be shown how this particular back-

ground has shaped the path for these inventions. 
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3.1 The case of low-cost-prosthesis 

The first case we want to introduce as an evidence for the conceptual aim of this paper is the 

one of “low-cost prosthesis”. Building on a collaboration between Amsterdam’s FabLab, the 

Indonesia-based House of Natural Fiber (HONF), which is a media and art laboratory in 

Yogyakarta as well as its associated FabLab (the “HONFablab Yogyakarta”), this project in-

corporates the principles of the FabLab Charta almost idealistically as it really draws on net-

working among different Fab-Labs, open knowledge sharing, and free access to community 

resources (http://fab.cba.mit.edu/about/charter/). 

The general aim of the low-cost prosthesis project is to explore how a developing country like 

Indonesia can become self-reliant in building prostheses for the cost of about $50. The need 

for this endeavor is obvious (see: http://www.lowcostprosthesis.org): First, due to the increas-

ing rate of amputations, there is an ever-growing demand for prosthetic limbs especially in 

developing countries where insufficient supplies of public health services often leads to diabe-

tes, gangrene, and infection. Second, there are significant problems in providing prosthetics to 

people in need due to the high cost for readily available prosthetic limbs and the lack of exper-

tise which is mandatory for proper constructing, fitting, aligning, and adjusting of prosthetics. 

To offer a solution for this pressing problem, the low-cost prosthesis project started to devel-

op a lower knee prosthesis by approaching an inclusive open innovation process, where end 

users, designers, researchers and manufacturers can contribute in a joint effort (Waag 2009). 

The current state of the project is reflected by a prototype of the “$50 leg prosthesis” (see fig. 

1) which was developed in 2012 after several workshops with experts from various related 

fields (e.g. rehabilitation, biomechatronics, biomedical engineering, orthopedic technology, 

design etc.).  
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Fig. 1: protoype oft the “$50 leg prosthesis” [source: http://www.honfablab.org/projects/low-cost-
prosthesis/] 

Since the development of the low-cost prosthesis is still in its experimental phase, this solution 

is shielded in the niche of the FabLabs, which are engaged in this project. Nevertheless, the 

potentials to spread the orthopedic as well as construction-related knowledge and empower 

the locals by creating new jobs at the same time are already obvious. Besides that, it also cap-

tures the very specifics of the experimental learning processes which we consider to be consti-

tutive for the concept of “real-life laboratories”. Especially the documentation of workshops 

that were conducted during the project reveals this evidence. As mentioned above, these 

workshops were attended by experts from various professional disciplines as well as people 

who got engaged because of their FabLab background. This constellation apparently provided 

a fruitful setting for e.g. “an exchange of experiences by users on the techniques and the use 

of materials” or “the search for local materials, a number of design aspects and an inexpensive 

and efficient production of quality parts that could raise the comfort of use” (Waag 2009).  

This process of co-creation in connection with a social approach to design and manufacturing 

probably needs the niche of the FabLab, where failures are allowed and visions are welcome. 

Since the project also builds on low barrier technologies (like digital fabrication), local materi-

als, and DIY kits, the particular characteristics of decentralized and hands-on innovation de-

velopment processes that are typical for shared machine shops also facilitated the work and 

progress of the low-cost prosthesis project.   
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3.2 The case of Makerbot 

The second case, we want to draw on, is the one of Makerbot, Inc., which today is one of the 

leading companies for desktop 3D printing. Tracing back the origins of Makerbot shows that 

the company’s roots are strongly linked with the RepRap Project, which started in 2005 and 

was motivated by the aim of developing self-replicating 3D printers that are able to print most 

of their own components, as well as any other object that can be represented in 3D modeling 

(see: http://reprap.org). From its beginning, RepRap was intended as an open-source and 

community-based project that tries to apply an evolutionary approach to the development and 

diffusion of a technological device (Söderberg 2013). It also aims to include as many people as 

possible to spread the idea and the physical printers (Jones et al. 2011). Although some online 

shops sell kits for RepRaps, usually community members who already own a printer produce 

all the printable parts for new members just for the cost of the raw materials. Open access to 

any sources of knowledge that are required to rebuild and further develop the RepRaps is thus 

the key condition of its diffusion.  

Today, there are more than 400 derivatives of 3D printers that are descended from the initial 

RepRap “Darwin”. Furthermore, the various types of RepRaps together apparently represent 

the most common application of desktop 3D printing.  Both facts reveal the innovative poten-

tial of RepRap as an open source hardware project that is driven by the communal logic of 

shared values (i.e. the hallmark of open knowledge), the common belief of being at the edge of 

a new technological path creation, and a collective identity that is shaped by various mailing 

lists, online forums and – last but not least – face-to-face meet-ups at conferences, hacker-, 

and makerspaces.  

To break this context down to the case of Makerbot, the Brooklyn based Hackerspace “Resis-

tor” was of major importance for the company’s inception back then. In 2007, two years be-

fore the company was founded, two of the three founding-members helped to organize and 

establish NYC Resistor as “a place for hackers, makers, and likeminded tinkerers” (Pettis et al. 

2013: 4). In those days, the designated founders of Makerbot also became engaged with the 

RepRap Project. The fact that the early RepRap printer required a lot of tinkering and was also 

very prone to errors fostered the initial motivation of creating an own, more reliable device. 

Against this background, Makerbot’s current CEO, Bre Pettis, re-members the beginning of 

the company as follows: 

“Zach, Adam, and I started MakerBot because we saw people working on RepRaps, but very few of 

them worked. There were maybe twenty people who put together a machine, and very few of them 

actually worked with any semblance of repeatability. Everybody’s machine was different, because we 
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were all digging motors out of old disk drives. Every machine was unique. So we started MakerBot 

so that we could have a 3D printer that everybody could own, so if somebody solved a problem, 

they would solve it for everybody else, too.” (Osborn 2013: 247) 

Building on the open knowledge ecology of the RepRap Project, Makerbot started as an ex-

ample of user entrepreneurship that tries to improve an emerging technology to make it more 

user friendly and exploitable (Shah and Tripsas 2007). Since especially start-ups in hardware 

require some considerable investments in scarce resources such as raw materials, production 

facilities etc., the available structures at the hackerspace were an important facilitator for the 

company in this early phase. This relevance can be traced back in a blog on nycresitor.com 

from March 2009, where one of Makerbot’s founders stated the following post: 

„If you’ve been at NYC Resistor lately, you may have seen random prototyped bits laying around. 

We’ve done pretty much all of our R&D for this machine using our laser cutter and the other vari-

ous tools we have at the hack space here. I’m personally really happy to see something like this blos-
som out of our shared space, and I’m looking forward to hacking on this machine much more in the 

future.“ (http://www.nycresistor.com/2009/03/16/maker-bot-industries-full-speed-ahead/) 

Especially this early work on prototypes and design-iterations can be considered as real-life 

experiments. This becomes even more obvious by the description of the development process 

of makerbot’s first printer, the so called “Cupcake CNC”:  “At that point, very early on, within 

the first month, we made a commitment to using the laser cutter we had at NYC Resistor. 

What that allowed us to do was proto-type ultrafast. […] And we could iterate as we learned. 

[…] We weren’t engineers, but we iterated and designed a 3D printer in less than three 

months and it worked, and so we shipped it” (Osborn 2013: 248). This hands-on approach of 

experimental learning is one of the central impacts which can be enabled by real-time labora-

tories and the particular resources they offer.  

What followed to this early proof of concept with the “Cupcake CNC” was an entrepreneurial 

success story that began with the move into an own office, several new incarnations of the 

initial Cupcake CNC and a newly developed 3D printer called “Thing-O-Matic,” which al-

ready triggered a growing public interest.  With the acquirement of $10 million in venture capi-

tal from a hardware investment group (www.foundrygroup.com), Makerbot entered a second 

phase in its evolution, one which was mainly affected by growth in organizational size and 

increasing sales numbers.  Supported by the monetary investment, the company launched the 

3rd generation printer “Replicator” with a huge medial response that catapulted the company 

to the forefront of the 3D printing industry. The increasing commercial success of Makerbot 

was accompanied by a subtle de-coupling with the RepRap Community. This process became 

definite with the product launch of the improved “Replicator 2”: On the one hand, this new 

incarnation seemed to be the logical next step in Makerbot’s rise, as it made 3D printing even 
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more accessible for users who don’t have in-depth technological expertise, but on the other 

hand the Replicator 2 revealed the company’s decision to stop sharing its design files for the 

Printer anymore, that finally broke with the core principle of the RepRap ideals. In June 2013, 

Makerbot was acquired by one the leading factories of professional, industry-based rapid pro-

totyping and manufacturing called “Stratasys” for more than $400 million. 

4 Discussion 

The two cases show how FabLabs (in the case of low-cost-prosthesis) and hackerpaces (Mak-

erbot) respectively provide niche protection by shielding and nurturing novel designs or tech-

nological artifacts (see Smith & Raven 2012). As these environments offer a semi-open spaces 

for experimental learning, people who share interests and/or visions about a specific context 

for exploration can participate in a particular project, without being reliant on the criteria for 

professional or commercial research and development (like e. g. appropriate exploitation strat-

egies, scientific standards etc.). But even though the SMS-related processes often depend on 

semi-professional tinkering and trial-and-error learning, it also becomes obvious that these 

environments can foster the momentum for innovation paths that emerge on the basis of their 

developments and also stimulate some considerable impact when it comes to diffusion. What 

makes this linkage between exploration and exploitation (or diffusion) special is that its di-

mensions often resemble the heterogeneous constellations of the initial inception: in most 

cases, they cannot be reduced in terms of commercial success since they also refer to social 

and environmental ambitions as well. Referring in this point to Smith and Raven’s (2012) no-

tion that the empowerment of niche-developments can be considered in terms of paths that 

either “fit and conform” or “stretch and transform” existing regimes (ibid: 1030), the two cas-

es described above tend to emphasize this contrast.   

As an example of the “fit and conform” option, the rise of the Makerbot 3D Printer which 

was invented in a hackerspace and now has become one of the most popular applications in 

the field of desktop 3D-printing, clearly indicates evidence of this. This becomes obvious 

when the market strategy of the associated company, Makerbot Inc., comes into focus. In the 

initial phase of the company’s entrepreneurial success, the Makerbot Printers were open 

source devices in the sense that documentations about their design specifics, list of materials 

and building tutorials were revealed freely so that (in principle) anybody was able to build his 

own Makerbot printer from scratch. In connection with referring to the company’s roots in 

hacker communities, this unique approach of founding a business model for a hardware-

/tech-company on open source principles on the one hand triggered a considerable medial 

response that catapulted the company to the forefront of the 3D printing hype, and on the 
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other hand enabled that Makerbot received much support from the open-source and hacker 

communities, be it in the form of suggestions for further improvements of their devices, or in 

the form of product purchases. It is a matter of irony that this high extent of openness which 

led to the company’s increasing commercial success became a problem at the same time, as 

the free revealing of product blueprints apparently weakened Makerbot’s competiveness in the 

emerging market for desktop 3D printers.  As a consequence of this dilemma, Makerbot de-

cided to break with the principles of its former communities and respond to alleged market 

pressures by closing the source for product-related knowledge and switching to a more so-

phisticated style of manufacturing (which meant that building Makerbot printers requested 

access to industry-like machine tools). To summarize this switch in the path of the technologi-

cal artifact as well as the company’s strategy, it can be inferred that both reveal ambitions of 

fitting and conforming the requirements of the market regime, which favors a more commer-

cial and competitive way of doing business, even if this limits the openness and uniqueness of 

the associated product and business model. Against the background that Makerbot was ac-

quired for a large amount of money only a few months after this turn, it can be considered as 

an endorsement for this decision, at least from a business point of view. 

In contrast to the case of Makerbot, the low-cost prosthesis project apparently aims to 

“stretch and transform” the existing regime for prosthesis supply in developing countries. It 

has to be admitted that this notion is rather speculative as the project still remains in its pro-

tective nurturing phase but there are already a couple of hints, that this transformative path 

can be expected. First, there is the constitutive aspect of cost: as stated on the project’s 

homepage “A typical limb made in a developing country costs approximately $125 to $1,875 

USD. Our project aims at cutting the costs to as little as $41 USD (well below the $5,000-

$15,000 USD average cost for a prosthesis in the western world)” 

(http://www.lowcostprosthesis.org/the-need). It becomes obvious that the main motivation 

for the low-cost prosthesis cannot be measured in terms of business criteria like e. g. monetary 

revenues or margins, but rather refers to ethical and social values which probably don’t reflect 

the common references in established fields of medicine technology and its distribution. Sec-

ond, there is the strong ambition to spread orthopedic knowledge and enable locals to become 

skilled actors when it comes to the fabrication and adjustment of the prosthesis. This ap-

proach to knowledge transfer is important for the empowerment and self-reliance of the pro-

spective users and blurs established boarders between experts and laypeople (Open Design 

Now: 218-219). Third, there is also a claim to sustainability which shall be realized by using 

local materials like e. g. bamboo instead of aluminum. These aspects show that the overall 

approach of the project is strongly aligned with the needs of local communities. In terms of 
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conventional research and development, this ways of creating a novel prosthesis appears very 

unique. It is very likely that also the diffusion of the prosthesis will extend this path which may 

also stretch the regime for medical health supply in a more general way.  

5 Conclusion 

Our paper applies the concept of real-life laboratories to shared machine shops that, in this 

sense, are considered as laboratories for creativity, where design ide-as can be shared, a hands-

on mentality can be cultivated and new skills can be acquired. Hence, these spaces provide 

niches for experimental learning that expand the scope of established modes of research and 

development which are predominantly embedded in professional contexts of industry or sci-

ence. As a specific property, SMS are also very inclusive because they provide infrastructures 

for novel forms of collaboration as well as self-selected participation of heterogeneous actors 

(in terms of expertise, disciplines, backgrounds etc.) who can join the related endeavors. 

Concerning innovative impacts that may emerge from the seedbed of shared ma-chine shops, 

we have identified various aspects that can be inferred from these particular settings and con-

stellations. First, SMS build more evidence for blurred organizational borders between profes-

sional, semi-professional, and non-professional modes of innovative action. They embody the 

values of ubiquitous, heterogeneously distributed and reflexive experimentation and provide 

new laboratory infrastructures outside of hierarchical organizations while being embedded in 

the digital and fluid networks of a new experimental culture. Second, the notion of real-life 

laboratories emphasizes the physical characteristics of shared machine shops as real places 

where people can join collaborative projects in per-son. Complementary to the innovative 

modes of peer production that are embedded in the digital sphere, this offers novel opportu-

nities for the application of related principles in the context of physical fabrication and tangi-

ble goods (Troxler 2010). According to this, SMS are also likely to become places of serendipi-

ty, where experts and professionals meet with hobby enthusiasts and DIY innovators and 

work together on new, unexpected projects.  Third, because of the different backgrounds that 

merge inside shared machine shops, their innovative out-puts also typically embody multiple 

references which refer not only to economic success criteria but also to social and ecological 

issues. As shown in the case of low-cost prosthesis, the empowering potentials for niche de-

velopments can also be considered as possible incubators for societal- or environmental solu-

tions that prove its concepts in the protected space of real-life laboratories and subsequently 

gain momentum for the creation and diffusion of related paths. Fourth real-life experiments in 

SMS are not detached from the rest of society. Hybrid organizations like TechShop and the 

case of MakerBot demonstrate that a decentralized innovation society is increasingly willing to 
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engage in those kinds of experiments for economic innovations (that can also create tensions 

with more social or environmental orientations). Fifth, in connection with general narratives 

of openness, participation, and empowerment, the whole phenomenon of SMS itself can be 

considered as a real-life experiment for novel modes of distributed innovation. They show 

how experimentation with new technologies and new social modes of coordination lead to 

niche forms of technical and social innovations. This meso-level of analysis focuses on the 

future impacts and transformative potentials of shared machine shops as places that are con-

stituted through inclusive, non-hierarchical, and (at least to some extent) non-proprietary 

modes of knowledge creation. 

By applying the concept of real-life laboratories to the analysis of shared machine shops and 

the developments that emerge in this context, this article considers the subject of this special 

issue as a promising example that embodies significant properties of a reflexive innovation 

society. It provides evidence for novel modes of innovative and creative action that is based 

on hybrid forms of collaboration, the bottom-up coordination of collective action and a 

strong notion of accessibility and openness.   
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