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The fast expansion of digital culture has fostered the creation of makerspaces such as fabrication laboratories
(FabLabs) that, thanks to their flexibility and their use of open source tools, strengthen the sense of community and
produce true transformations within those communities. Fabrication laboratories (FabLabs) are an integral part of
“communities and spaces with more or less open to the public levels, with objectives and targets agreed by its
members in which, through learning processes, production, prototyping, design, and manufacturing, both tangible
and intangible assets, complex two-way exchanges of information are produced, knowledge, technology, skills and
resources among users, users and society and between users and industry” that constitute the new wave of
collaborative ecologies into which elements such as makerspaces, hackerspaces, living-labs or co-workings also
fall, highlighted by its origin and its capacity as an international organization. A FabLab is a strong social space
offering affordable and accessible manufactured tools and is sometimes conceived as an appropriate platform to
begin the prototyping and development processes of any object. They emerged in the 2000s at the Massachusetts
Institute of Technology (MIT) from Professor Neil Gershenfeld's subject, called “How to Make (Almost) Anything”.
Thanks to the creation of this first FabLab, Professor Gershenfeld’s students could realize their designs,

popularizing digital manufacturing and making the subject successful.

fablabs digital manufacturing sustainability FabLab MakerSpace

| 1. Introduction

In the last decade, the processes of design, production and manufacturing have changed with the incursion of new
technologies and strengthening concepts such as digital manufacturing, open innovation and Industry 4.0. This
change has brought a new industrial revolution, where the popularization of knowledge and the productive
elements and even the relationship between the user and manufacturing have changed. This change is also
cultural and social since the user can achieve greater ease of access to information and the necessary technology
and is no longer a mere consumer of products and services without the capacity to make actual decisions about
them or the knowledge or technology to alter the industrial process or operation. Consumers can go on to become
“prosumers”, a term coined in the early 1990s by Alvin Toffler in his book The Third Wave L—becoming producers
and consumers of products without, in some cases, these being marketed or participating in the economy. This
new democratization of industrial processes has been fueled by a proliferation of spaces and environments where
users can acquire complex knowledge about digital technologies and modern manufacturing through social
learning and the development of technologically advanced projects. The strong social interaction that occurs in

these environments is conducive to learning and acquiring complex skills to carry out projects, in many cases
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solving the knowledge barrier and popularizing these digital manufacturing processes by providing a new tool for

economic development and equal opportunities to achieve, finally, technological empowerment.

Within maker environments, the novelty of the movement and the significant expansion of FabLabs have aroused
considerable interest in this type of collaborative initiative. Led by some standard features, including open
technological knowledge and access to advanced technology and its strong international network structure, the
FabLab is shown as a strong actor, with the ability to alter its environmental influence. Its effect depends on the
properties of the laboratory, however, including the characteristics of the users who participate in it, and the
attributes of FabLab that are included. Despite its strong social relevance, there is little information about the

general properties of such environments in the literature.

After this initial FabLab, fabrication laboratories were globally involved in a dramatic increase from 45 laboratories
in 2010—a time that coincided with the popularization of digital production elements such as the 3D printer Rep-
Rap—to over 1000 in just seven years. The first FabLabs, together with the creation of the FabLab in Boston, were
established in Costa Rica, Ghana, India and Norway, with a strong interest in local development, but with notable

differences in their main orientations.

Each FabLab is as different as their users’ interests or projects, but they share some characteristics that
differentiate them from other similar ecologies. One of the primary and most common attributes of FablLabs
involves rules from the “FabLab Charter”. These rules can be summarized in several ideas [&: The FabLab must
consider themselves a community resource and, consequently, leave some time in the week for public access.
They must have a standard set of tools that give them the capacity to work and carry out projects and processes
that allow projects to be shared between the different laboratories, giving them a network awareness that makes
the laboratory an integral part of a larger network. They must respect the open source philosophy in their activities
and projects and must consider the commercial initiatives carried out by their users as possible initiatives for

incubation in a FabLab, but which must subsequently be developed as an external element.

An awareness of global integration allows FabLabs to exchange knowledge, promoting interconnections between
different laboratories that make up the FabLab Network [ thanks to elements such as the FabAcademy program
and the various gurus therein formed. Other elements are the expansion of FabLabs, regional FabLabs networks
and the involvement of the FabLab Foundation, regional and interregional FabLab meetings, creating documents
and web portals of the laboratories, the development of collaborative projects between different FabLabs and,
mainly, by creating a learning environment that fosters collaboration and interaction between users locally and
internationally . Thus, and through one of the critical aspects of the FabLab ideology, the learning and
documentation of the projects carried out are prioritized, making them replicable in any other laboratory where it is
possible to use the same instruments, generating a global knowledge environment in that ideas and projects
transcend regional borders thanks to new technologies, receiving the support and improvements of a worldwide

community and facilitating access to knowledge and complex techniques even for users without specific training.
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It is necessary to note that, despite the importance of digital skills in today’s changing world and the existence of
multiple elements that bring these skills to citizens, many non-experts see difficulties in accessing this maker
culture, understood as an amateur and professional movement that includes the use of digital manufacturing
technology and software with traditional manufacturing methods to create or customize objects . Immersed in this
maker culture and despite its popularity, FabLabs still have the problem that any advanced technology has for
general users: the difficulty of use. Despite the growing popularity of this technology, users express a lack of skills
and/or essential experience necessary for the design or use of the various techniques involved in digital
manufacturing; there is a high level of complexity in the action and overall management required, for example, for
the use of 3D design software or a favorite 3D printer that, despite interfaces and systems, have relatively simple
operations. This lack of skills, many self-perceived by users, is a barrier for entry to digital manufacturing
processes, the related technology and maker environments in general. This difficulty is usually solved only through
actual access to the technology offered in these places or through the occasional workshops or training activities in
the maker areas. The substantial impairment that requires access to this basic knowledge in digital manufacturing
is overcome by working in the community, group learning and medium- and long-term project development to
achieve the involvement of users in actions aimed for children and adults. In this respect, the projects in
makerspaces in general, and the FabLab in particular, often act as transformations of the population in which they
find themselves, working directly in their development, as a union or open to the community generation of non-

expert users actively evolving learning, as demonstrated in FabLab Genk 4.

Innovation processes are also not beyond the capability of showing makerspaces to alter and improve the social
and economic community in which are established directly. As an example, programs to promote development,
such as ERUDITE, for the design and construction of services that improve the digital innovation in rural and urban
environments, have been used in Slovenia; creation and tuning included two FabLabs (in Ptuj and Ribnica) with the
aim of stimulating innovation and entrepreneurship by improving the economic and social conditions of nearby
communities. These two laboratories were involved in the community—technical aspects of digital manufacturing
through training, from primary school to university levels, in long-term programs adapted to local issues. The
access of citizens to entrepreneurship was enhanced by generation communities working in the laboratories, and
the process of co-creation next to the open innovation processes in the public sector was strengthened, improving

transparency &,

The participation of citizens in the programs developed in the FabLab also includes the realization of
technologically advanced research projects through citizen science. In these programs, users become nodes of
research in the development and use of many useful information devices, which is difficult to achieve otherwise.
These programs, such as the Smart Citizen program conducted by FabLab Barcelona 8 or the MicroMascotas
program mentored by César Laboratories in Etopia (FabLab Zaragoza) @, include the massive participation of
citizens, users and non-users of the FabLab; organizers, data collection tools and technological developments are
made at very low cost, often by users themselves with open instructions. Through open calls, and thanks to the
participation of various public entities, FabLabs realize incredible projects that are proposed, designed and led by
citizens who, despite not having the means or the necessary knowledge, benefit from the participation of other

users who perform tasks of high complexity. The Servet experimental stratosphere project, also developed in the
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Cesar laboratory in Etopia (FabLab Zaragoza), is a good demonstration of this 8. This new wave of citizen
involvement helps transform the cities from passive elements that are “product in, trash out” to living elements that
generate knowledge, i.e., “data in, data out”. Here, the usual waste, technology and information are included in a
fundamental element of sustainability that turns cities in the next model to FabCity, where information technologies

redefine the use of the towns to obtain a new productive, economic and social dimension (61,

Socially, and despite the various programs that they develop, FabLabs embody many of the social stereotypes of
the cultural environment in which they are included. Classically, despite great social advances in equality,
technology has been dominated by males, in the so-called “gender gap”. Excluding natural gender equality and
maintaining a strong differentiation is strengthened by social customs that make up the established roles, from the
linguistic construction itself to the assumption of different cultural values. This classic “gender gap” seems also to
be reflected in the distribution of users in FabLabs, where some studies show slightly higher female participation of
25% 9, far from equal participation. It is obviously not possible to generalize from these figures due to the diversity
of FabLabs as cultural spaces and the variety of orientations, themes and projects which makes it impossible to
extrapolate, as rightly noted by the authors of the study mentioned. The multiplicity of FabLab types scattered
throughout the world promotes differences in the gender distribution of their users; countries such as Brazil have
shown a greater elimination of differences in the participation of the genders, approaching parity 29, Indeed,
FabLabs reflect the differentiation that society sets, and despite the egalitarian mentality of these cultural
environments, the existence of multiple programs for female empowerment and their inclusion in both the maker
environment and in the FabLabs themselves, the ever-growing presence of women in FabLabs in technical roles
and as FabLab managers and the impact on education and training programs open to egalitarian goals,
laboratories are still far from achieving the equality pursued. An example of the type of program developed in the
FabLab initiative is the Poderosas program in FabLab Leén [ which aims to encourage female commitment to
technology and digital manufacturing, improving self-confidence through exclusive programming activities for girls.
These types of programs activate the curiosity of young users, enhancing their willingness to join higher education

related to science and technology, where the male presence is classically predominant.

| 2. Distinctive Features

Once the physical, social and economic conditions laboratories are identified, the researchers focus on their
distinguishing characteristics, among which are the ability to promote entrepreneurship (through fast prototyping,
level of innovation, collaboration with other entities, or due to independence in project development), the training

offered and the public documentation of projects undertaken to conclude with their contribution to the community.

2.1. Entrepreneurship and Fast Prototyping

The FabLab can serve as a vivarium for business development, improving products and processes or generating
prototypes that constitute the minimum viable product of a commercial initiative. Among the FabLab Global Survey
participants, 22.9% had witnessed the creation of a new commercial initiative, stressing the importance of these

processes.
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The economic sustainability of these laboratories is, however, even today, an added difficulty for their own
characteristics, causing many of them to depend in one way or another on the entity that hosts them. This kind of
dependence could well place a limitation on the development of projects by establishing clear preferences in their
choice, skewing the typology of their development or limiting the involvement of the laboratory in certain types of

activities.

Answers provided by the participants show a high perception of the contribution of the FabLab as a factor in the
development of entrepreneurial culture (73% of respondents rated their agreement with a 4 or 5 out of 5). A positive
impact is noted on the contribution of the close ecologies to the FabLab, as positive factors in the development of
entrepreneurial culture (73% of respondents rated their agreement with a 4 or 5 out of 5). The perception of fast
prototyping as a contribution is also highly considered (90% of respondents rated it with 4 or above out of 5 as

seen ), probably due to involvement in innovation processes.

The FabLab Global Survey evaluated the perception of independence in carrying out different projects. The
participants were asked to indicate the perceived independence of the realization of the FabLab projects on a 1 to
5 scale, with 1 meaning a null independence, and therefore a full dependence, and 5 meaning a complete
independence. It is important to consider that while a large percentage of laboratories are dependent on institutions
to ensure sustainability, 68% of laboratories indicated a high level of independence, and 52% of the participants
indicated a level of absolute independence (Figure 1).
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Figure 1. Distribution of laboratories according to declared independence.

2.2. Development of Joint Projects with Other Institutions and Groups

In the FabLab Global Survey, the participants were asked about the realization of joint projects with certain typical
institutions in the FabLab environment. Among the participating laboratories, 43.5% had jointly carried out projects
with external industries, although only 9.4% of the participants had carried out more than 10 projects. Twenty-four
percent of participants reported having developed projects with sponsors, but only one participant carried out more
than 10 projects. On the other hand, 45.9% of the participants indicated that they had carried out projects with
research entities, although only 8.2% of the participants had completed more than 10 projects of this type. While
48.2% of the laboratories had carried out projects in collaboration with universities, only 1.18% of the laboratories
developed more than 10 projects of this type. The projects carried out with students were the most common
collaborative projects, present in 68.2% of the cases, where 34% of the participants exceeded 10 projects of this
type and 15.3% had developed 100 projects. Only 24.7% of the laboratories had carried out joint projects with
other laboratories in the FabLab Network, and only 3.5% had realized 10 projects (Figure 2 and Figure 3).
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Figure 2. Distribution of number of projects developed.
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Figure 3. Distribution of number of projects developed (industrial section).

2.3. Level of Innovation, the Percentage of Innovation Projects Developed Jointly

The projects developed in the environment of FablLabs are adjusted to multiple and different interests and
objectives and, therefore, tend to be varied despite their common ground in digital manufacturing. One of the
interests of this research was identifying the contribution of the projects carried out in the laboratories to innovation,
for which an item was included in the FabLab Global Survey where participants were asked about the approximate
percentage of projects carried out dedicated to innovation for research and development for industrial companies
or small businesses. The results reveal that 27.8% of the laboratories had a high percentage of projects linked with
innovation—more than 50% of the projects—with 11.8% of the cases considered as a very high level—more than
75% of the projects. By contrast, 40% of the laboratories reported a very low level of projects linked to innovation—
less than 25% of projects dedicated to innovation. A meager 7% of the laboratories reported no projects linked to
innovation (Figure 4).
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Figure 4. Percentage of projects related to innovation.

The communities that emerge within a FabLab often share the point of view of one of the key roles present in their
daily lives: the FabManager. The FabManager is, along with the rest of the technical staff, the soul of the
laboratory. They know the function of all available material—some of the machinery has even been created by
them or with their essential collaboration—and participate in all processes that are taking place in the laboratory, in
most cases being a fundamental part of them. It is thus interesting to hear their opinion of aspects such as the
contribution of the FabLab to entrepreneurship development, the process of project documentation or the training

of users.

2.4. Documentation

Another important aspect to consider in this section involves the internal processes associated with public FabLab
project documentation. As suggested by the FabLab Charter Bl12l13] 5 FabLab has a responsibility to disseminate
the knowledge generated in the projects through its public documentation. Project documentation is an added
difficulty in development since it involves time and resources, rarely available in digital manufacturing laboratories.

This feature is not exclusive to FablLabs, as it is shared with the culture of the maker movement.

Documentation seems to be perceived as an obstacle and represents a serious difficulty in the development of
projects; however, a common platform for the documentation process has not been established (although some
joint initiatives from within the network of FabLabs have been developed and there are some attempts to
standardize the documentation process), and relatively few laboratories make the public documentation process a
priority using an online platform. Several items were included in FabLab Global Survey concerning the

documentation process, from the items designed to assess the perception of documentation to items that were

https://encyclopedia.pub/entry/22610 8/14



FabLab | Encyclopedia.pub

intended to determine who is ultimately responsible for the documentation process and items that evaluate the
actual percentage of documented projects. Most of the participants expressed the great importance of project
documentation as one of the main benefits of FabLab (68% of participants) and also the difficulty that it represents

(53% participants).

When asked about the importance of documentation in their own FabLab in particular, 65% of participants reported
a high or very high importance and 18% admitted a relatively low importance. Although 68% of respondents
considered the public documentation of projects as one of the great strengths of the FabLab, 51% recognized it as

one of its great difficulties (Figure 5).

32% 33%

18%
14%

4%

1 Irrelevant 2 3 4 5 Very
Important

Figure 5. Evaluation of the importance of the documentation processes for the FabLab.

If the researchers focus on the actual percentage of publicly documented projects, 39% of the laboratories showed
a high rate of documented projects (more than 50% of the projects documented) while only 6% assumed a very
high rate (more than 75% of projects). The difficulty associated with project documentation seems to be the reason
for the high number of laboratories with a low rate of documented projects, demonstrated by 36% of participants
having more than 25% of projects documented and 8% of laboratories without any projects documented. It is
interesting to note that 35% of the participating laboratories that indicated public documentation of projects was
important had a documentation rate lower than 50% (Figure 6).
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Figure 6. Distribution by percentage ranges of documented projects.

An item was included to identify who was responsible for project documentation. Participants noted the person
responsible for documenting from a multiple choice offered. Twenty-four percent of respondents indicated that
there was no fixed role in charge of documentation, and 82% reported any of the project members as usually
responsible for documentation, with the project leader being responsible for 9% of cases. Four percent of the
participants indicated that there was a specific user or member in the laboratory responsible for project
documentation, and 11% identified the Fab Manager as responsible for such documentation. Two percent of
respondents indicated that all members and users of the laboratory were responsible for the documentation
process equally, and in 4% of cases, that responsibility fell on other actors such as a community manager or the
client themselves (Figure 7).
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Figure 7. Responsibility for project documentation.

2.5. Education

Knowledge sharing is one of the main advantages of FabLabs. In the FabLab Global Survey, items were included
to evaluate perceptions about FabLab contributions to training in new digital fabrication technologies, including the
3D design and open hardware platforms. The results revealed certain differences in processes associated with
training each of the above aspects. For open hardware development platforms, the majority opinion was that the
FabLab provides adequate training (74%) in these technologies and, although values are subtly lower, the
perception of training in additive manufacturing and 3D technology training (69% and 61%, respectively) was
similar. It shouldn't be forget that, although the open hardware platforms and the communities associated with their
use have democratized and simplified previously unthinkable processes for the ordinary user, they require high

knowledge of aspects as diverse as electronics or programming projects.

2.6. FabLab Contribution to Users and the Community

Digital fabrication laboratories provide a framework for social relationships where there is an exchange of
knowledge about technological aspects. This exchange of knowledge takes shape through the FabLab activities.
These activities were divided into four main processes that try to include, in a generic way, the most common

aspects of the interaction and implementation of value proposals.

A FabLab Global Survey item aimed to obtain information about the real contribution that FabLab makes to its
users through a question in which the participants evaluated different proposals from 1 to 5 and in which it was

possible to add new options in case those suggested do not apply.
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In the survey, the possible contributions are as follows:

» Education and learning. FabLabs are a true learning community where their users, regardless of the existence
of a guru or not, learn by doing and watching what others do. They learn to overcome their difficulties with the
support of the community, interact in finding solutions and discover aspects that otherwise would have required
a complex journey through regulated education. It is an informal, competitive and dynamic learning-centered
interest and is based on project learning. FabLab’s contribution of education and learning to its users was
valued very highly by the participants—a score of 4.4 out of 5 points—and was considered of very high

relevance in 87% of the cases. Only 4% of cases considered this contribution as low in importance (Figure 8).

» Research. Open innovation processes include research elements set out in FabLabs. In some cases, this
research is conducted jointly with other entities to become a true development laboratory. This type of activity
was evaluated as of intermediate importance by participants—obtaining a value of 3 out of 5 points—and
considered relevant in the possible contributions of the laboratory in 44% of cases. Twenty-four percent of

participants felt that FabLab did not contribute to these processes for its users.

» Development. The researchers distinguish the application of processes to product development as part of the
non-specific standard innovation process and included in the dynamics of the existing systems in FabLab. In
this respect, 65% of FabManagers considered the contribution FabLab makes to their development processes

(3.8 points out of 5) as being of high importance.

» Prototyping. The innovation processes carried out in FabLabs emphasize the application of technology, and
they own digital manufacturing processes to develop new projects or products that meet diverse needs. This
development takes place through prototyping and knowledge sharing. Eighty-one percent of laboratories
assigned high scores (4.2 out of 5 points on average) for the FabLab contribution to their users in prototyping,

describing its importance as very high.
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Figure 8. Average valuation of the main contributions of a FabLab.
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