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INTRODUCTION 

1. Scope and Aim 

1.1. Critique on the “smart city” 
 
Urbanization is a trend of our times that is beyond dispute, with the largest share 
of the human population globally already living in cities; a trend that is only 
increasing (United Nations, 2014). Cities are economic centers that through the 
consumption of massive resources lead to heavy environmental impact (Glaeser, 
2011) as well as to social contestations and conflicts (Foster & Iaione, 2016). This 
creates the need for new conceptualizations for a city that will be able to deal with 
the current issues in more imaginative, inclusive and sustainable ways. 
 
In this context, the term “smart city” has emerged. This concept, however, is vague 
to say the least, since there is neither a single template of framing it nor a one-
size-fits-all definition (for a discussion on the definitions, see Albino et al., 2015). 
The dominant narrative hails from those private enterprises which produce 
advanced information and communication technologies (ICTs); it has largely been 
embraced by local governments and advocates of technology solutionism (I). The 
“smart city” idea has crystallized into an image of a technology-led urban utopia 
permeated with centrally controlled technological infrastructures, with the aim to 
improve the urban environment in terms of efficiency, security and sustainability 
(I, V). 
 
By employing an often linear, overly techno-deterministic approach to the uses of 
ICTs, governments have been looking into how cities might improve urban 
economies and quality of life (I). This has led to a growing role of commercial 
activities through firms, such as Cisco Systems, IBM and Siemens, which promote 
themselves as “stakeholders” in the public consultation processes (Hollands, 2015; 
I). These large ICT powerhouses, having made massive investments, are the major 
companies involved in the smart city and the Internet of Things (IoT) cluster of 
technology. For example, in 2015 IBM announced an investment of US$3 billion 
over the next four years to establish a new IoT unit (Shumaker, 2015). Of course, 
their goal is not just to stumble upon the needs of “actually existing smart cities” 
but, rather, to create a new market and shape it in certain ways (Shelton et al., 
2015; I). 
 
Popular examples of smart cities are Songdo (South Korea), Masdar (United Arab 
Emirates) and PlanIT Valley (Portugal). These cities have been built from scratch 
through public-private partnerships in places with no former residency or 
infrastructure (Carvalho, 2015). Amongst others, IBM and Cisco Systems have 
been involved in these initiatives on a large scale by providing their products and 
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services. Through the installation of countless wireless sensors and the utilization 
of the IoT, the networked technologies installed usually target better energy and 
garbage management; reduced water consumption; improvements to citizen 
mobility; and crime prevention (Albino et al., 2015). Such developments have 
been pursued elsewhere as well by many ICT corporations, and it is highly 
probable to see them expanding in the years to come. 
 
Nevertheless, the aforementioned practices have drawn some serious criticism 
during the last few years. For instance, it has been argued that the notion of 
problem-solving ICTs does not acknowledge the needs and desires of actual city-
dwellers, mainly because they are not attuned to the ways that people use 
technology (Sassen, 2012; V). Also, issues related to privacy and citizen 
participation are often raised (Carvalho, 2015; Kitchin, 2014). Further, Hollands 
(2015) claims that the unrestrained deployment of these technologies is shaped 
around the motives of suppliers, i.e. the commodification of their existing products 
and services. Therefore, an environmentally harmful consumption of ICTs 
increases without serving the true needs of the citizens or even addressing actual 
problems (I). It is therefore evident that this standard conceptualization of the 
smart city is troublesome, primarily due to issues embedded in the design and 
implementation of the technological infrastructure (I, V). 
 
From the perspective of critical theory, as will later be explained in more detail, 
the social scientist should not only address the problematic nature of the current 
social reality, but also identify transformative actors and present practical goals 
for social change (Held, 1980/2004). Hence, in this thesis, the criticism on the 
smart city is used as a point of departure to highlight the potential of an emerging 
form of social organization in relation to urban developments. The mode of choice 
is that of commons-based peer production (CBPP) which, it is hoped, will enable 
human beings to become “producers of their own historical form of life” 
(Horkheimer, 1993, p. 21). 
 

1.2. Commons-based peer production in a nutshell 
 
To begin with, plenty of attention has been gathering around the commons, a term 
that refers to shared resources where each stakeholder has an equal interest 
(Ostrom, 1990). The commons sphere can include natural gifts, such as air, water, 
the oceans and wildlife, and shared “assets” or creative work, like the Internet, the 
airwaves, languages, our cultural heritage and public knowledge, which have been 
accumulating since time immemorial (Bollier, 2005, 2009). Also, the commons 
might simultaneously refer to shared resources, a discourse, a new/old property 
framework, social processes and relations or an ethic (Bollier, 2014). 
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During the last two decades, the rapid reduction of transaction and coordination 
costs through modern ICTs has created conditions for a commons-oriented form 
of value creation based on the collaborative efforts of physically dispersed but 
digitally interconnected individuals (II, III). Initiatives such as the free 
encyclopaedia Wikipedia and a myriad of free/open-source software projects 
exemplify such an emerging mode of grassroots production, named “commons-
based peer production” (Benkler, 2006). In CBPP, open technological 
infrastructures allow individuals to communicate, self-organize, and therefore, to 
create value together without obtaining permissions (Bauwens, 2005; Benkler, 
2006; III). Furthermore, there are several cases of open-hardware initiatives, such 
as the Open Source Ecology, the RepRap and the Wikispeed projects, which are 
indicative of the potential of CBPP movement for manufacturing (III). 
 
In a nutshell, CBPP has three key characteristics that distinguish it from traditional 
capitalist practices: (a) the decentralization of the conception of problems and the 
execution of solutions; (b) the diversity of participants’ motivations; and (c) the 
decoupling of governance from private property and contract (Benkler, 2015; III). 
These characteristics make CBPP agile enough to adapt to complex environments 
(Benkler, 2015) and provide the capacity to deliver innovative software and 
hardware artefacts, while participants in such projects are being intrinsically 
motivated (Benkler, 2006; I, III). 
 
Of course, there might be several negative aspects of CBPP (Kostakis et al., 2013), 
but altogether, this proto-mode of social production arguably pushes for a political 
economy where economic efficiency, profit and competitiveness assume 
secondary and, ultimately, no role (Moore & Karatzogianni, 2009), and civil 
society is uplifted by bringing the commons back into the center of the economy 
(Orsi, 2009). Therefore, the commons could be seen as a legitimate vehicle of 
citizenship, through which citizens mobilize and express their interests while 
protecting and enhancing their rights (MacKinnon, 2012). 
 

1.3. The right to the city and makerspaces 
 
In light of the new information space created with the help of ICTs in urban 
environments (Antoniadis & Apostol, 2014), this thesis will argue that CBPP 
could also be viewed as a creative manifestation of the “right to the city” concept. 
This phrase was introduced by Lefebvre (1968), and since then it has become quite 
popular, taking on a variety of meanings in the process (Gorgens & van Donk, 
2011; de Souza, 2010). The current research project is in line with Harvey’s 
description of the concept, which could be summarized within the following 
passage: 
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The right to the city is far more than the individual liberty to access urban 
resources: it is a right to change ourselves by changing the city. It is, moreover, 
a common rather than an individual right since this transformation inevitably 
depends upon the exercise of a collective power to reshape the processes of 
urbanization. The freedom to make and remake our cities and ourselves is, I 
want to argue, one of the most precious yet most neglected of our human rights 
(Harvey, 2008, p. 23). 

 
The struggle for this freedom can be observed not only in a myriad of citizen-
driven efforts to reclaim, protect and revitalize physical urban commons (squares, 
parks, vacant lots, cultural institutions etc) which are often threatened by 
privatization, but also in urban grassroots initiatives which are protecting, 
promoting and creating new commons, such as do-it-yourself or do-it-with-others 
communities (Antoniadis & Apostol, 2014; Garrett & Catlow, 2012), 
hackerspaces, co-working spaces etc (II, III). 
 
This thesis discusses the right to the city by focusing on the concept of urban 
“makerspaces”, i.e., community-led, open spaces where individuals meet on a 
regular basis to collaboratively engage in creative commons-based projects, 
usually utilizing open-source software and hardware technologies (II, III). 
Through the intersection of digital technologies and urban life, several initiatives 
have emerged that attempt to circumvent the dependence on private firms or 
governments to provide solutions. They produce their own solutions in co-
working places, which may go by various names like microfactories, 
hackerspaces, fablabs or media labs and others (III). In this thesis, some of these 
terms will be employed at several stages, but the term “makerspace” will be used 
as an umbrella for all of them. 
 
Individuals of varying backgrounds and goals have access to prototyping tools in 
makerspaces, allowing them to collaborate in order to produce small-scale 
solutions for problems of daily life (I). Hence, this thesis will attempt to 
demonstrate how in the context of the makerspace the city can become a 
commons-based “living lab” (Bergvall-Kareborn & Stahlbrost, 2009; von Hippel, 
1986), where social value is produced that is geared towards addressing problems 
of citizens by using citizens who engage in the research, design and testing of 
solutions (Hardt & Negri, 2011; Hemment & Townsend, 2013; II). In other words, 
it will be described how citizens, nowadays, creatively exercise their right for a 
human-centric, inclusive, responsive and sustainable smart city. The next section 
discusses in more detail the perspective, objective, methodology and structure of 
the thesis. 
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1.4. Approach: Perspective, objective, methodology and structure 
 
When conducting research in the social sciences, it is important to have an 
unambiguous and robust philosophical underpinning to support the validity of the 
work and provide ethical guidance for the researcher. According to Max 
Horkheimer (1937a/2002a), a leading figure of the Frankfurt school and a key 
proponent of critical theory, knowledge is not only capable of altering society but 
it also ought to do so. To put it in his own eloquent terms: “When an active 
individual of sound common sense perceives the sordid state of the world, desire 
to change it becomes the guiding principle by which he organizes given facts and 
shapes them into a theory” (Horkheimer, 1937b/2002b, p. 162). 
 
Therefore, theory (and research) should be critical and work towards the liberation 
of society (Held, 1980/2004). According to this line of thought, the role of research 
is to accommodate change in social relations in order to eliminate oppression, and 
knowledge can alter both the researcher and the subject of research in the empirical 
world (Orlikowski & Baroudi, 1991). Research that is conducted through the lens 
of critical theory has critique as its basis, aiming to alter power structures in society 
and enhance awareness (Patton, 2008). Critique examines both what action is 
being taken, but also what are the reasons for action (Budd, 2008). So in other 
words, critical theory makes political research possible by connecting theory and 
action through the appropriate philosophy and methodology (Patton, 2008). 
 
Based on this perception, this thesis is undertaken within the critical-theory 
paradigm, since it is clearly political and its ultimate goal is not to preserve the 
current societal structure, but rather to contribute to its transformation. This 
project will attempt to bring to the fore issues of current social reality; to identify 
practices that might be able to change it; and to engage in critique that could 
potentially lead to social transformation in a practical way. In essence, this 
research project will attempt to dialectically study the intersection of urban 
developments, technology and society. The main research objective is thus to 
explore the community-building, innovation and learning potential of 
makerspaces, i.e. an emerging civic infrastructure, towards a commons-oriented 
smart city. It should be emphasized that this thesis looks for insights, and the 
connection to improvement is crucial in the framework chosen. 
 
Critical research can utilize all available research methods, since it is how the 
knowledge and research results are interpreted within the paradigm that makes it 
critical, and not the methods used (Carspecken, 2008). This research project will 
follow a social-science approach carefully informed and cautioned by Bent 
Flyvbjerg’s methodological views. Flyvbjerg (2001), in his seminal book Making 
Social Science Matter, demands a mode of social inquiry which would try to 
bridge theory and practice in a way that unites philosophical and empirical 
subdivisions in the social sciences. The methodology of the thesis is thus rooted 
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in qualitative research methodologies, namely the case study as well as the 
participatory-action research approaches informed by both primary (i.e. conduct 
field research) and secondary (i.e. literature review) research. It is expected from 
such a study to develop our partial answers to the research questions, which would 
be “input to the ongoing social dialogue about the problems and risks we face and 
how things may be done differently” (Flyvbjerg, 2001, p. 61). 
 
The thesis comprises five original articles which shed light on a micro, meso and 
macro level of the “makerspace”. I, III and V are desk-research papers which, by 
involving a summary of existing literature, offer a synthetic overview of four 
different types of the smart city dependent on the dominant technology-
governance model (macro level: networks of makerspaces). In particular, III 
discusses in more detail commons-oriented models of social organization which 
involve the makerspace concept. II employs the case-study method and examines 
selected cases of makerspaces with the aim to better understand their community-
driven governance models (meso level: the makerspace as a unit). IV reports a 
participatory-action research project which took place in the context of a Greek-
based makerspace (micro level: a project of a makerspace). 
 
The remaining introductory part of the thesis develops as follows. Section 2 
discusses the concept of makerspace by providing a short historical account and 
discussing its role as a “third place” (Oldenburg, 1989, 1991). Section 3 is then set 
to explore the community-building, innovation and learning potential of 
makerspaces, considering them as hubs and vehicles for citizen-driven 
transformation. Section 4, finally, summarizes the main findings and arguments 
of the thesis. 
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2. A Historical Account of Makerspaces 
 
Makerspaces, hackerspaces, fablabs are in flux: there is no single definition that 
perfectly captures all such spaces (Sleigh et al., 2015; Smith et al., 2015). It might 
be useful to keep in mind that this thesis departs from a rather simple and inclusive 
definition, using the term “makerspaces” as an umbrella for community-run 
physical places where people can utilize desktop manufacturing technologies (II, 
III). It should be noted that anything from three-dimensional (3D) printers or laser 
cutters (i.e. hi-techs) to simple cutting tools or screwdrivers (i.e. low-techs) can be 
considered desktop manufacturing technologies. This broad definition of the 
makerspace concept does not imply that, for example, every media lab or 
microfactory is necessarily a makerspace, because the former might not meet one 
of the following criteria. The makerspace term is adopted here because, 
normatively speaking, it is welcoming and inclusive (Smith et al., 2015) as well 
as related, but not limited, to manufacturing, a diverse sector that promotes 
innovation and productivity (Reinert, 2011). This definition introduces two basic 
criteria that qualify a space as a makerspace: first, to exercise community-based 
forms of governance; second, to utilize desktop manufacturing technologies. A 
bird’s-eye view of the history of the concept may shed light on it and justify the 
choice of these two criteria, which are also addressed in sections 3 and 4. 
 
In the beginning, there was the hacker, a controversial term that is only now 
entering mainstream usage (Smith et al., 2015; II). The connotation depends on 
the community still, and in general parlance the term is associated with doing 
something bad and/or illegal, whereas now this is changing. There are various 
types of hackers: the benevolent, white-hat hacker, who, in Wark’s (2004, 2013) 
and Levy’s (2001) vein, experiments, tinkers, modifies, creates and/or participates 
in collaborative projects. There also is the malicious, black-hat hacker (also known 
as cracker), who has criminal intentions, causes damage and carries out criminal 
acts (Kostakis, 2012). Then there is the grey-hat hacker who tends to hold a 
morally ambiguous role (Parker, 2005). For example, a benevolent, white-hat 
hacker would upgrade the functions of a wireless router’s firmware with updates 
other than those that have been signed by the device’s manufacturer; modify a 
sampling keyboard to create unusual sounds by doing circuit bending; or 
transform the plastic 500cc bottle into a spacer for asthma medications. 
 
In this thesis, hacking is understood as a creative process, immersed in the hacker 
ethic of problem-solving (Erickson, 2008) as well as of producing novel artefacts 
(Söderberg, 2007; Wark, 2004). According to several scholars (Dafermos & 
Söderberg, 2009; Himanen, 2001; Levy, 2001; Maxigas, 2012; Söderberg, 2007; 
Thomas, 2002; Wark, 2004, 2013; II) who have taken a close look at the 
phenomenon, fundamental aspects of the hacker ethic include freedom, in the 
sense of autonomy as well as of free access and circulation of information; distrust 
of authority, that is, opposing the traditional, industrial top-down style of 
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organization; embracing the concept of learning by doing and peer-to-peer (P2P) 
learning processes as opposed to formal modes of learning; sharing, solidarity and 
cooperation. 
 
The hacker subculture appeared in the 1960s and took off in the 1970s from the 
MIT Artificial Intelligence Laboratory and other research institutes in the US, as 
well as from the phreaker scene through the magazine TAP (Technological 
American Party) (Maxigas, 2012). The hacker ethic is further considered to share 
some common characteristics with the hippie culture, dating back to the 1950s and 
1960s and evolving over the decades through different generations (Hogge, 2011; 
Levy, 2001) and socio-economic transformations (Bauwens, 2005; Benkler, 2006; 
Castells, 2000, 2003). It is in the context of the networked society that hackers 
started to form online and offline communities, sharing knowledge, tools and ideas 
(II). Arguably there was a need to organize, in a more systematic way, these 
conversations among hackers in physical spaces, which led to the creation of 
communities such as the Homebrew Computer Club in the mid-1970s, the Chaos 
Computer Club in 1981 or the first hackerspaces, as we know them today, in Berlin 
(C-base) and Cologne (C4) in the mid-1990s. 
 
During the last two decades, the wide distribution of ICTs and the dropping costs 
of desktop manufacturing technologies have sparked global interest and 
experimentation with grassroots creative possibilities. Individuals and groups 
immersed in a hacker ethic, as described above, have been building community-
run physical places to pursue their common interests. In other words, we have been 
observing the emergence of makerspaces. Makerspaces have commonly been used 
as a local, physical platform for the mutualization of resources and the provision 
of desktop manufacturing technologies that are not yet as distributed as computers 
or Internet connectivity (III). For instance, there is a rapidly increasing global 
network of hackerspaces, which is documented in the hackerspaces.org wiki and 
spans all over the world; or fablabs, which began in 2001 as a research project of 
MIT with the aim to investigate how underserved communities could be 
empowered by digital technologies at the grassroots level (Mikhak et al., 2002). 
Another example might also be the municipality-supported media labs, such as 
Madrid-based MediaLab-Prado (I), which was established in 2002 and has been 
active in the production, research, and dissemination of digital culture (MediaLab-
Prado, 2016). 
 
Makerspaces may be seen as the development of a new form of “third place” 
(Moilanen, 2012; II). Oldenburg (1999) coined this term to highlight urban social 
settings or surroundings that provide “social experience outside of the home or 
workplace/school” (Lawson, 2004, p. 125). Since the introduction of the concept, 
different types of third places have been listed, from cafés, clubs, parks, libraries, 
barber shops, churches, cookouts (Jeffres et al., 2009) to virtual places and online 
communities (Soukup, 2006). It is argued that such places are significant for the 
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empowerment of community ties, the establishment of a sense of place, civic 
engagement and, therefore, democracy (Oldenburg, 1999, 2001). Their role 
becomes of utmost importance when one considers Putnam’s (2000) allegations 
of a decline in social capital within United States society during the last five 
decades, which has been undermining active civil engagement and thus 
democracy itself. Using the concept of third place and the community-building 
potential of the makerspaces as a point of departure, the following sections will 
describe how makerspaces can radically transform the idea of third place and serve 
as a new civic infrastructure. 
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3. Potential for Citizen-driven Transformation 

3.1. Community-building potential 
 
In order to provide a tentative mapping of makerspaces, we may start by 
addressing hackerspaces.org, perhaps the most popular virtual network of 
hackerspaces. It contains a wiki for anyone to share hackerspace-related stories 
and questions, mailing lists, a feed aggregator and many others. A central goal of 
this initiative is to support communication and collaboration among hackerspaces. 
The homepage provides an inclusive definition of hackerspace as any community-
run physical place where people can meet and work on creative projects. At the 
time of this writing, 2,035 hackerspaces are listed in the wiki, with 1,248 of them 
marked as active and 353 as planned, while the rest appears to be inactive or 
closed. By examining the hackerspaces.org list, it becomes obvious that 
makerspaces are spread all over the world (Hackerspaces.org, 2016). However, 
the majority is placed in the United States and Western Europe. Most of the 
hackerspaces supply members and visitors with access to desktop manufacturing 
technologies, such as 3D printers and open hardware (Lindtner et al., 2014; 
Moilanen, 2012; Moilanen & Vadén, 2013). 
 
In addition to this, there are two recent studies on makerspaces conducted on a 
national level in the United Kingdom (Sleigh et al., 2015) and China (Saunders & 
Kingsley, 2016). Within the scope of these reports, commissioned by NESTA 
(National Endowment for Science, Technology and the Arts, the globally 
influential British iLab), a makerspace is understood as “an open access space 
(free or paid), with facilities for different practices, where anyone can come and 
make something” (Sleigh et al., 2015, p. 2; Saunders & Kingsley, 2016, p. 12). 
 
According to the first one, the proliferation of makerspaces in the United Kingdom 
has been rapidly growing from a handful to 97 during the last decade (Sleigh et 
al., 2015). The same report states that most UK cities have at least one makerspace; 
however, the density and number of makerspaces differs by region. Specifically, 
London, Scotland and Wales have the most makerspaces per capita, while the 
North East, the East of England and the East and West Midlands have the fewest 
(Sleigh et al., 2015). Moreover, most of them have small member communities, 
with 60% having 50 members or less, while 5% have over 1,000 members. In 
terms of visitors, 75% of makerspaces received up to 250 unique visits in 
November 2014, with almost 5% reporting over 5,000 visits during the same 
month (Sleigh et al., 2015). 
 
In China, where “making things is a national specialism” (Saunders & Kingsley, 
2016, p. 5), makerspaces have spread rapidly over the past five years, from just 1 
in 2010 to over 100 in 2015. Three-quarters of them are located in large cities on 
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the developed East Coast, such as Beijing, Shanghai, Shenzhen, while the rest are 
in large Northern and inland cities (Saunders & Kingsley, 2016). Moreover, the 
average number of members in China’s makerspaces is 100. 
 
Drawing from the above sources, it becomes evident that makerspaces are 
proliferating in the North-Western world, with a recent expansion to the East and 
South. In addition, the following image is a screenshot from the MakerMap, a 
platform where anyone can add a makerspace and tag it according to certain 
criteria. Although the platform does not provide a definition of what is considered 
a “makerspace”, the map serves both as another (soft) indication of the globality 
of the phenomenon, but also of the regional bias typical for ICTs and desktop 
manufacturing technologies (Benkler, 2014). 
 

 
Figure 1: TheMakerMap.com (last accessed 8 May 2016) 
 
So, how are these community-driven places governed? According to II, which 
explored the governance mechanism of eight selected makerspaces (self-identified 
as “hackerspaces”), the latter seem to replicate governance structures and 
principles observed in online CBPP. Hence, the chosen case studies could be 
considered a manifestation of online CBPP in the physical realm but not a direct 
or a precise transfer due to the scarcity and the subsequent allocation problems of 
the material world, as opposed to the digital realm, where replication requires a 
near-zero marginal cost. Although the projects within a single makerspace can be 
very different from those of another and much more different than the CBPP ones, 
it is understood that most of the CBPP characteristics also permeate the 
makerspace phenomenon (II). For instance, in both online CBPP projects and 
makerspaces, issues of independence and autonomy arise when it comes to 
monetary support from an outsider (II). Even if the ability of the makerspace 
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communities to develop the norms required for CBPP models is arguably put 
under more stress, it can be noticed that there are many instances that seem to 
embrace several CBPP aspects through adopting hybrid modes of governance (II). 
These modes, at least for the cases discussed in II, share certain elements which 
exemplify CBPP governance mechanisms and characteristics (Kostakis, 2010), 
which are, after all, historically and essentially indistinguishable from the hacker 
ethic. Therefore, it has been argued that makerspaces’ various hybrid modes of 
governance are actually an unfinished artifact that follows the constant reform of 
social norms within the community, as happens in CBPP (Kostakis, 2010). 
 
Nevertheless, while II is focused on makerspaces which are self-identified as 
hackerspaces (thus putting an emphasis on ideological issues, such as do-ocracy 
and voluntarism), Saunders and Kingsley (2016) and Sleigh et al. (2015) study a 
much wider array of makerspaces. The latter found out that the UK makerspaces 
rely on a combination of informal and paid roles to operate. Voluntary staff and 
informal user support are important features of many makerspaces. Approximately 
40% of the examined makerspaces also employ technicians on a full- or part-time 
basis. This might be explained by the fact that, whereas almost 50% of 
makerspaces were founded by informal groups (as was the case with all the 
examined makerspaces in II), nearly 33% emerged from existing companies or 
organizations. In addition, the Chinese makerspaces are still experimenting with 
business models. One in five makerspaces is funded by a parent company, 34% 
have received some form of government support and 24% has no income and relies 
on the support of volunteers (Saunders & Kingsley, 2016). 
 
To recapitulate, because of the perpetual transformation of makerspaces and their 
diverse organizational structures, it seems wise to approach them on a case-by-
case basis for a more detailed account of governance (II). Of course one should 
be aware of the fact that every makerspace and its community is unique (Mikkonen 
et al., 2007). After all, as we saw, it is hard to say what a makerspace is exactly: 
“you know it when you are in one, but they are all unique because people are so 
unique” (II, p. 569). From the perspective of the concept of third place (Moilanen, 
2012; Oldenburg, 1999, II), makerspaces can be viewed as community-run hubs 
that connect citizens not only of the same city but also of other cities worldwide. 
According to Sleigh et al. (2015), approximately 66% of the UK-based 
makerspaces collaborate with other UK-based or foreign makerspaces on a regular 
basis, while 46% contribute to commons-oriented, open-source projects which 
normally have a global orientation. However, Moilanen (2012) observed that 
individuals are more engaged and committed to one local makerspace. Further, of 
particular interest are the findings of Saunders and Kingsley (2016), Sleigh et al. 
(2015), and Moilanen (2012) that two of the top reasons people use makerspaces 
are socializing and learning. Hence, makerspaces can be platforms that cultivate 
relationships and networks, building social capital, i.e., “social networks and the 
attendant norms of trust and reciprocity” (Sander, 2002, p. 213). Next, we will 
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discuss how these social networks can produce collective value in the form of 
learning as well as of innovation. 
 

3.2. Learning potential 
 
An increasing amount of literature coming from various disciplines (e.g. cognitive 
psychology, experiential learning, design theory, computer science, science and 
technology studies) explores the educational and pedagogical potential of making 
(Schrock, 2014). Two lines of scholarship in the field of pedagogical studies with 
a focus on making are of particular interest in the current context: constructionism 
and critical making. To begin with, the learning theory of constructionism (Papert, 
1980a, 1980b, 1993, 1997; Papert & Harel, 1991) highlights the personalized 
production of knowledge artifacts as well as the social nature of the learning 
process (IV). 
 
In line with many prominent scholars in the philosophy of education (e.g. Jean 
Piaget, Lev Vygotsky, Paulo Freire and John Dewey), constructionism maintains 
that the individual’s intellectual growth must be rooted in his/her experience 
(Ackermann, 2001; Papert, 1980b; Wertsch & Tulviste, 1992). Knowledge is not 
seen as a commodity to be transmitted but as a personal experience that has to be 
constructed (Ackermann, 2001): 
 

constructionism – the N word as opposed to the V word – shares 
constructivism’s connotation of learning as ‘building knowledge structures’ 
irrespective of the circumstances of the learning. It then adds the idea that this 
happens especially felicitously in a context where the learner is consciously 
engaged in constructing a public entity, whether it is a sand castle on the beach 
or a theory of the universe (Papert & Harel, 1991, p. 3). 

 
While both constructionism and constructivism consider socially embedded 
experience key to the learning process, the former puts an emphasis on the 
significance of actively making things (Ratto, 2011). So, “constructionism extends 
the theory of constructivism to focus explicitly on how the making of external 
artifacts supports learners’ conceptual understanding” (Sheridan et al., 2014, p. 
507). 
 
Drawing upon constructionism, Matt Ratto, from the Faculty of Information at the 
University of Toronto, has been developing the concept of “critical making” 
(Ratto, 2011; Ratto & Boler, 2014). He defines critical making as “a mode of 
materially productive engagement that is intended to bridge the gap between 
creative physical and conceptual exploration” (Ratto, 2011, p. 252). Critical 
thinking is often understood as a conceptually and linguistically based process, 
whereas physical “making” is allegedly related to goal-based material work 
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(Ratto, 2011, p. 253). Through empirical examples and within the constructionism 
context, Ratto shows how two seemingly different modes of human engagement 
with the world can creatively be connected and not only deepen conceptual 
understandings, but also inaugurate venues for technical innovation (Ratto, 2011, 
p. 259). Ratto’s findings are in line with the conclusions of IV where, through a 
participatory-action research project, it was shown how 3D printing and design 
can electrify various literacies and creative capacities of students in accordance 
with the spirit of the networked, interconnected, information-based world. It was 
also argued that the ethics of the commons-based/P2P movement, which has 
produced several media technologies of educational value (from free/open-source 
software, say Moodle or Sugar, to the free encyclopedia Wikipedia to open 
hardware such as the Arduino micro-controller or low-cost 3D printers), could 
provide a context for experimentation, communication, collaboration, sharing and 
learning (Ratto, 2011; Suoranta & Vadén, 2010; IV). 
 
Therefore, the learning potential of making coupled with open learning 
environments (Hannafin et al., 2013; IV); project-based learning (Blumenfeld et 
al., 1991; IV); informal tinkering (Hunsinger, 2011); and peer collaboration 
(Moilanen, 2012; IV) can motivate the social learning and personalized 
involvement of participants (Baichtal, 2011). Makerspaces exhibit the 
aforementioned characteristics and, thus, show great promise as emerging learning 
hubs (IV). That is why makerspaces have recently generated much interest in 
diverse educational circles (Sheridan et al., 2014). For example, several libraries 
and museums have created spaces with the aim to empower creative activity, 
resource-sharing and active engagement with making, materials, processes and 
ideas in relation to their collections and exhibits (Britton, 2012; Honey & Kanter, 
2013). Another instance is Buechley et al.’s (2013) study of making activities with 
learning value that take place in makerspaces, such as building circuits into 
textiles, or Honey’s and Kanter’s (2013) documentation of real-world examples 
of learning activities that occur in makerspaces, amongst other places. 
 
It appears that makerspaces offer the capacity for informal community activity as 
well as a proper learning environment with a focus on productive processes rather 
than skill-set building (Sheridan et al., 2014). Varying activities may be combined 
(like programming and hardware building and even manufacturing-tools 
development), enabling an innovative transdisciplinary development process 
(Sheridan et al., 2014). The NESTA study claims that more than 50% of 
makerspaces offer support, courses and tool inductions (Sleigh et al., 2015). 
Sheridan et al., in their study of three makerspaces, conclude that as educational 
spaces they enable makers to be involved in “participating in a space with diverse 
tools, materials, and processes; finding problems and projects to work on; iterating 
through designs; becoming a member of a community; taking on leadership and 
teaching roles as needed; and sharing creations and skills with a wider world” 
(Sheridan et al., 2014, p. 529). 
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To summarize, making enables and blends various literacies and creative 
capacities. Thus, recognized as sites of community-building, creativity and 
learning, makerspaces could be game changers towards new forms of educational 
venues and (social) innovation. 
 

3.3. Innovation potential 
 
Makerspaces are often considered hubs that may act as incubators for both 
innovation and entrepreneurship. It should be noted that this thesis adopts the 
classic Schumpeterian understanding of innovation as the use of new ideas 
(inventions, discoveries or a new combination of known items or processes) that 
are turned into market successful products, services or organizational processes 
(Drechsler et al., 2006, p. 15-16; Schumpeter, 1912/1982). Several innovative 
entrepreneurial endeavors and start-ups have emerged through makerspaces, from 
more obvious areas, such as ICT and desktop manufacturing technologies, to less 
obvious areas, such as farming, culture and neuroscience. 
 
To begin with, the low-cost 3D-printer producer MakerBot Industries is one of the 
most prominent start-ups whose history unfolded within two makerspaces: 
Austria-based Metalab, where the project was conceptualized, and US-based NYC 
Resistor, where it was prototyped (Pettis, 2011). MakerBot started as a successful 
open-source project to turn into a traditional closed-source company and 
subsidiary of Stratasys, a leading manufacturer of 3D printers. MakerBot used to 
dominate the market of low-cost 3D printing (<3,000€); however, according to a 
Fortune article (Zaleski, 2015), it is losing the market to smaller manufactures. 
For instance, Ultimaker BV, a company that is coming up the ranks, produces 
open-source 3D printers whose prototypes were first built in a Dutch makerspace 
(Utrecht ProtoSpace) (van Geelen, 2015). Both MakerBot and Ultimaker along 
with dozens of commercially successful start-ups are built upon the designs of the 
first open-source 3D printer, RepRap. The RepRap project began as a state-funded 
research endeavor which has greatly benefited from experimentation and 
incremental innovations occurring in makerspaces globally (de Jong & de Bruijn, 
2013; III). Moreover, 3Doodler, one of the most successful Kickstarter projects 
of all times (Hurst, 2015), is a 3D printing pen which was first built by two friends 
in early 2012 at the US-based Artisans’ Asylum makerspace (Denison, 2015). 
 
Moving from desktop manufacturing technologies to sensors and 
microcontrollers, makerspaces have also served as incubators for relevant start-
ups and innovations. To begin with, Arduino is the popular open-source computer-
hardware and -software company as well as user community that designs and 
manufactures microcontroller-based kits for building senseable devices in the 
physical world. Arduino has extensively been used in makerspaces to create 
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various objects, from simple toys and musical instruments to sophisticated devices 
and manufacturing machines. For example, the “brain” of several of the 
aforementioned low-cost 3D printers has often been an Arduino board. Moreover, 
in London Hackspace, the start-up Nanobe emerged, which, inspired by and based 
on Arduino, develops and sells a micro-controller which can interact with cloud-
based applications and events in the online environment. 
 
Further, the Public Lab, an open community network, collaboratively develops 
open-source technologies and practices that explore and address environmental 
issues. The project was created in the wake of the Deepwater Horizon oil spill in 
the gulf of Mexico in 2010 with the aim to “increase the ability of underserved 
communities to identify, redress, remediate, and create awareness and 
accountability around environmental concerns” (Publiclab.org, 2016). The 
network is virtually coordinated with the help of a wiki while physically 
participants meet in local makerspaces and workshops. The Public Lab network 
has collaboratively produced low-cost, open-source, community-supported 
products, such as the Roomba indoor air-quality monitoring system, the Riffle 
water monitoring system, the Dustuino monitoring system, and desktop and 
mobile spectrometers. These products produce meaningful, understandable and 
high-quality environmental data. Public Lab also has a shop where one can buy 
some of the do-it-yourself kits. 
 
Another example of a novel approach to environmental data-gathering has been 
suggested by the Open Source Beehives project. At its beginning, the project 
involved a diverse network of makerspaces (Fab Lab Barcelona, the Belgium-
based OKNO and the Open Tech Collaborative in Denver) which prototyped an 
open-source, senseable beehive that could be made with desktop manufacturing 
technologies (Romano, 2014). The team has now grown into a citizen-led beehive 
network with the ultimate goal to discover what is causing Colony Collapse 
Disorder (Romano, 2014). The core group behind the project has now launched a 
company, AKER LLC, which, in addition to the Open Source Beehive, produces 
and sells open-source kits for urban farming (AKER, 2016). 
 
More diverse fields in which makerspaces have served as platforms for innovation 
are following. To start, the Open Access Control project began in the US-based 
23b Shop makerspace to satisfy the need for a customizable and low-cost 
electronic access control at the makerspace (Baichtal, 2013). After a first prototype 
was built and successfully operated, several commercial boards were 
commissioned from Flashline Electronics. Recently, the ACCX Products store 
was created, where one can buy an up and running open-source security system 
(Baichtal, 2013). 
 
Next, the KiloBaser project, self-titled the “Nespresso machine of DNA synthesis” 
(Kilobaser.com, 2016), emerged in the Austria-based realraum makerspace. 
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Kilobaser is now a product of the start-up company Briefcase Biotec GmbH, 
founded in 2014 and related to a biotechnology-oriented makerspace, which 
develops life-science equipment reduced to the bare essentials. Another commons-
oriented initiative with regards to the life sciences is the Backyard Brains, which 
emerged in the US-based All Hands Active makerspace. This start-up company 
has an array of novel, open-source products including the Spikerbox, which uses 
invertebrates to help learn about how the cells in the brain work to communicate; 
the Muscle SpikerBox, which records electrical activity produced by cells in 
human muscles; the Completo, which is a full tabletop, portable electrophysiology 
rig; or RoachScope, which can turn the mobile phone into a microscope. 
 
Some of the aforementioned projects and eco-systems, such as the RepRap- or 
Arduino-based eco-systems, may represent both the Schumpeterian and social-
oriented understanding of innovation. They seem to create win-win situations and 
inaugurate commons-oriented business models which arguably go beyond the 
classical corporate paradigm and its extractive profit-maximizing practices 
(Bauwens & Kostakis, 2016). To recap, in makerspaces people innovate and learn 
together by making things and using the Web to globally connect and share 
designs, tutorials and code. They offer creative environments where innovators, 
potentially with diverse agendas, motives and backgrounds, can meet and interact 
and thus benefit from synergies and the cross-pollination of ideas (Capdevila, 
2015; II, III). Moreover, in makerspaces designers can come together and 
collaborate in participatory explorations during the use phase by prototyping, 
adding small-scale interventions and, therefore, moving from a “design-in-the-
studio” to a “design-in-use” strategy (Seravalli, 2012). 
 
In all, makerspaces should not be viewed merely as experimentation sites with 
desktop manufacturing technologies but as places “where people are 
experimenting with new ideas about the relationships amongst corporations, 
designers, and consumers” (Lindtner et al., 2014, p. 9). The review of 
makerspaces-related innovation showed that they mainly produce user-led, 
incremental product and process innovations. However, there are numerous 
technological infrastructures produced in makerspaces aiming to cover certain 
needs of the community which might not lead to the commercial introduction of 
new products. Nevertheless, this process promotes the diffusion of technology 
among makerspaces, which in turn could outline future trajectories on innovation. 
Such trajectories are certainly based on ICT, the pervasive technology of the 
current techno-economic paradigm (Perez, 2002) and provide a new potential to 
transform and enable innovations in other industries (Perez, 2009). Therefore, 
since it is the availability of potential innovation as investment opportunities that 
leads to economic growth (Schumpeter, 1939/1982), makerspaces’ contribution 
might be viewed as valuable. At the same time, by offering real solutions outside 
the market system, makerspaces provide fertile ground for the flourishing of 
CBPP.  
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4. Instead of Conclusions: Challenges and Opportunities for 
a Commons-oriented Smart City 
 

Ἐρωτηθεὶς τί αὐτῷ περιγέγονεν ἐκ φιλοσοφίας, ἔφη, ‘εἰ καὶ μηδὲν ἄλλο, τὸ γοῦν 
πρὸς πᾶσαν τύχην παρεσκευάσθαι.’ Ἐρωτηθεὶς πόθεν εἴη, ‘κοσμοπολίτης,’ ἔφη. 
 
On being asked what he had gained from philosophy, he replied, ‘This at least, 
if nothing else – to be prepared for every fortune.’ Asked where he came from, 
he said, ‘I am a citizen of the world.’ 
 
Diogenes Laertius, The Lives of Eminent Philosophers, Book VI, passage 63. 

 
Are makerspaces just a manifestation of the “new spirit of capitalism” which has 
incorporated and adapted several of its various critical cultures, thus overcoming 
its own impasses (Boltanski & Chiapello, 2005; Söderberg & Delfanti, 2015)? Or 
could we consider makerspaces to be sites with non-negligible post-capitalist 
dynamics? Both possibilities still exist. If we subscribe to the thesis that at least 
some makerspaces can be seen as CBPP in practice (Smith et al., 2013; II), then, 
as has been argued about the transitional dynamics of CBPP (Bauwens, 2009; 
Kostakis & Bauwens, 2014), makerspaces may belong to a new form of capitalism 
but, at the same time, also highlight ways in which this new form might be 
transcended. If the dominant discourse of the “smart city” project is aligned with 
a neoliberal, corporate vision for urban development (I), then the “makerspace” 
could simultaneously be a source of legitimacy for the project but also serve as an 
infrastructure and institution for citizen-driven transformation. 
 
It is argued in this thesis that an alternative vision for the smart city may be 
possible through a commons-oriented approach geared towards the 
democratization of means of production. The basic tenant of this approach is 
encouraging citizens to participate in creating solutions collectively instead of 
merely adopting proprietary technology (I, V). Within this context, makerspaces 
would play a key part since they may be seen as spaces where individuals and 
communities can engage in urban technology development in a socially inclusive 
environment. In other words, they are viewed as seeds for the flourishing of a 
socially sustainable city that ultimately fulfill the promise of the “right to the city”. 
 
In addition to virtual connections which made CBPP possible, makerspaces can be 
the physical nodes of a collaborative culture and a new production model, which has 
tentatively been called “design global-manufacture local” (DGML) (Kostakis et al., 
2015; III). DGML describes the processes where design is developed, shared and 
improved as a global digital commons, whereas the actual customized 
manufacturing takes place locally with “specific local biophysical conditions in 
mind” (Figure 2; Kostakis et al., 2015, p. 8). In a nutshell, it follows the logic that 
what is light (knowledge, design) is global, and what is heavy (manufacturing) is 
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local (ΙΙΙ). The architectural structure of this model is based on three layers of 
infrastructure. The first layer concerns the knowledge commons and the socio-
technical digital platforms which enable individuals and communities to collaborate 
in various projects on a global basis (III). The ongoing circulation of the produced 
commons, which promotes continuous innovation and knowledge diffusion on a 
global scale (I), is assured by the global network of makerspaces (second layer). 
Moreover, makerspaces provide access to a spectrum of hardware technologies, 
which constitute the essential means of production in this setting. Last, the third 
layer relates to the local society, which stresses the needs of citizens, offers ideas 
and participates in the design and/or the manufacturing of the technological 
solutions. Further, this layer includes the development of entrepreneurial coalitions 
and relevant funding ecologies. This activity benefits the creation of a funding 
infrastructure which sustains the knowledge commons, creates added value on top 
and markets these as products or services (III). 

 
Figure 2: The three layers of DGML 
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As seen in many DGML cases, such as the RepRap 3D printer, the Arduino micro-
controllers, the Public Lab project, the Wikispeed car or the Open Source Ecology, 
the role of makerspaces in the realization of this model is crucial, as they interlink 
the three layers. Thus, they allow for the convergence of digital commons with 
desktop manufacturing technologies, which could enhance the autonomy of 
people, transform all sectors of production in the direction of sustainability 
(Dafermos, 2015; Gershenfeld, 2007; III) and facilitate the creation of a 
commons-oriented smart city (I). 
 
In order to enhance the functionality of this model, policy makers should make 
sure that ICT vendors do not have the control of the technological infrastructure 
in the given city and provide appropriate facilities to enable the deployment of 
participative ways of working. Therefore, they are advised to examine the 
potential of makerspaces and, ideally, promote their establishment. This 
development, along with a focus on a commons-oriented approach for the smart 
city, will allow the successful implementation of the DGML productive model, 
which could offer an alternative of how productive activities could be organized 
to enable a sustainable and socially inclusive city as well as possibly electrify the 
transition to a post-capitalist society. 
 
In the spirit of Diogenes Laertius, the ultimate goal of this thesis was to modestly 
contribute to the preparation for any fortune, but preferably to help that fortune 
veer towards emancipatory social change (Horkheimer, 1937a/2002a) and human 
happiness (Drechsler, 2001). This is a massive undertaking, but without the patient 
assembly of many small stones – akin to the drilling of many thick boards (Weber, 
1919) – the good city can never be made. 
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SUMMARY IN ESTONIAN 
 
Kasutades lähtekohana targa linna kriitikat, tõstetakse uurimistöös esile avalike 
töötubade (makerspaces) poolt pakutavaid võimalusi. Avalikeks töötubadeks on 
sellised linnaruumid, kus osalejad rakendavad oma tegevuses kogukonnapõhiseid 
valitsemismudeleid ning kohalikke tootmistehnoloogiaid. Uurimistöö annab 
lühiülevaate avalike töötubade ajaloost, mille juured ulatuvad häkker-liikumiseni. 
Nii esmasele (uute empiiriliste andmete kogumine) kui teisasele (kirjanduse 
ülevaade) materjalile tuginevalt on arutletud avalike töötubade potentsiaali üle 
aidata kaasa kogukonna tugevnemisele, õppimisele ning innovatsioonile. 
Uurimistöö näitab, kuidas avalikud töötoad võivad osutuda kodanike poolt juhitud 
muutuste keskmeks ning vahendiks, mängides olulist rolli kaasava ning osalusel 
ja ühistegevusel baseeruva targa linna loomises. 
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I Niaros, V. (2016). Introducing a taxonomy of the “smart city”: Towards a 
commons-oriented approach?. tripleC: Journal for a Global Sustainable 
Information Society, 14(1), 51-61. (1.1)
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realm?. International Journal of Cultural Studies, 18(5), 555-573. (1.1) 
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IŸ©ª«ª¬©­®̄¬©°±­²ª³��́

µ���¶	�


·̧
¹º»¼½
¾¿
Àº¹º¼½
ÁÂÃ
ÄÅÁÆÇÈ¼É¼Ê¹»Ëº·ÉÈ¾ÌÍ¾Î¿Ï¾ÊÐ»Ð
ÑÒ¾Ì










































71 

III Kostakis, V., Niaros, V., Dafermos, G., & Bauwens, M. (2015). Design global, 
manufacture local: Exploring the contours of an emerging productive model. 
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a means of learning: An educational experiment in two high schools in Greece. 
Telematics & Informatics, 32(1), 118-128. (1.1) 
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V Kostakis, V., Bauwens M., & Niaros, V. (2015). Urban reconfiguration after 
the emergence of peer-to-peer infrastructures: Four future scenarios with an 
impact on smart cities. In D. Araya (Ed.), Smart cities as democratic ecologies 
(pp. 116-124). New York: Palgrave Macmillan. (3.1) 
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