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ABSTRACT

UNDERSTANDING COLLABORATIVE ACTION IN EMERGENT WORK
ECOSYSTEMS: MAKERSPACES

Keklik, Ozcan
Master of Science, Industrial Design
Supervisor: Assist. Prof. Dr. Yekta Bakirlioglu

September 2021, 150 pages

As the design problems confronted are getting more complex, the necessity of
different expertise becomes inevitable for comprehensive design solutions which
indicate the importance of forming teams with professionals from diverse
disciplines. With the emergence of collaborative teams, the importance of working
frames has become prominent, and collaborative working frames have been
introduced, namely interdisciplinary, multidisciplinary, and transdisciplinary. These
working frames determine the type and level of interaction between professionals,
espousing various opportunities and challenges. Apart from traditional working
environments, there are emergent work ecosystems — such as makerspaces — that
involve varying collaborative structures in terms of organizational, spatial, and social
dimensions. This study investigates the collaboration dynamics in makerspaces
through these dimensions and aims to analyze the new collaboration mindset,
methods, and toolkits provided by makerspaces. Understanding the makerspace
elements and their effects on the collaborative activity will contribute to setting up
novel collaboration models. In the scope of the research, in-depth interviews with

both makers and makerspace facilitators were conducted and collaborative action in



makerspaces was analyzed considering organizational, spatial, and social elements
through the experiences and insights of the participants. Based on the analysis of the
gathered data, three main conclusions were drawn. Firstly, makerspaces introduce a
non-disciplinary collaboration environment where interest-driven knowledge blurs
the disciplinary fields. Secondly, tangible means produced in these making-oriented
spaces become tools that enhance learning collaboratively. Lastly, drivers of the
collaboration vary among makerspaces as goal-driven or place-driven collaborative

making.

Keywords: Collaboration, Maker Movement, Coworking Spaces, Makerspaces,
Disciplinarity
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GELISEN YENi CALISMA EKOSIiSTEMLERINDE i$ BiRLiGiNIN
ANLASILMASI: YARATIM ATOLYELERI

Keklik, Ozcan
Yiiksek Lisans, Endiistri Uriinleri Tasarimi
Tez Yoneticisi: Dr. Ogr. Uy. Yekta Bakirlioglu

Eyliil 2021, 150 sayfa

Kargilagilan tasarim sorunlar1 gittikge karmasiklastikga, farkli disiplinlerden
profesyonellerle ekip olusturmanin 6nemini gosteren kapsamli tasarim ¢oziimleri
icin farkli uzmanhga duyulan ihtiya¢ kaginilmaz hale gelmektedir. Isbirlikci
ekiplerin ortaya ¢ikmasiyla birlikte, ¢alisma cercevelerinin 6nemi 6ne ¢ikmis ve
disiplinler arasi, ¢ok disiplinli ve disiplinler 6tesi olmak iizere isbirlik¢i ¢aligsma
cerceveleri tamtilmistir. Bu ¢alisma ¢ergeveleri, profesyoneller arasindaki
etkilesimin tiiriinii ve diizeyini belirler, cesitli firsatlar1 ve zorluklar1 destekler.
Geleneksel ¢aligma ortamlarinin yani sira, orgiitsel, mekansal ve sosyal boyutlar
acisindan farkli igbirlik¢i yapilart igeren yaratim atdlyeleri gibi yeni calisma
ekosistemleri de ortaya ¢ikmistir. Bu calisma, yaratim atdlyelerindeki isbirligi
dinamiklerini bu boyutlarla arastirmakta ve yaratim atdlyeleri tarafindan saglanan
yeni igbirligi zihniyetini, yontemlerini ve araglarini analiz etmeyi amaglamaktadir.
Yaratim atdlyeleri 6gelerini ve bunlarin isbirlik¢i etkinlik {izerindeki etkilerini
anlamak, yeni isbirligi modellerinin olusturulmasina katkida bulunacaktir. Arastirma

kapsaminda hem yaratim atolyeleri iiyeleri hem de hizmet saglayicilar ile

vii



derinlemesine goriismeler yapilmis ve katilimcilarin deneyimleri ve ig¢goriileri
araciligiyla yaratim atdlyelerinde orgiitsel, mekansal ve sosyal unsurlar géz 6niinde
bulundurularak igbirlik¢i eylemler analiz edilmistir. Toplanan verilerin analizine
dayanarak ii¢ ana sonug ¢ikarilmistir. ik olarak, yaratim atdlyeleri ilgi alanina dayal:
bilginin disiplin alanlarini bulaniklagtirdig1 disiplin dis1 bir igbirligi ortam1 sunar.
Ikincisi, bu yaratim odakli alanlarda iiretilen somut nesneler dgrenmeyi isbirligi
icinde gelistiren araglar haline gelir. Son olarak, isbirliginin itici giigleri, hedef odakli

ve yer tabanli igbirlik¢i yapim olarak yaratim atdlyeleri arasinda farklilik gosterir.

Anahtar Kelimeler: Is Birligi, Maker Hareketi, Ortak Calisma Alanlar1, Yaratim
Atolyeleri, Disiplinerlik
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Only Makers left alive.
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CHAPTER 1

INTRODUCTION

1.1  Background

Humanity is confronted with complex design problems that require joint efforts of
various disciplines (Bronstein, 2003). This collaborative action takes many forms
according to the level of integration among these disciplines as; multidisciplinary,
cross-disciplinary, interdisciplinary, and transdisciplinary (Dykes et al., 2009). Van
den Besselaar and Heimeriks (2001) emphasize the necessity of integrated approach
that synthesize various scientific disciplines to generate an application—oriented
knowledge. With the blurred definitions of disciplines, non-standard forms of
employees emerge in business life. People who have specialized in their practice
started to find new working frameworks which accommodate knowledge
professionals (Gandini, 2015). Coworking spaces are collaborative communities that
are used by knowledge professionals; such as entrepreneurs, freelancers, makers,
fabbers, hackers (Mitev et al., 2019). These places provide familiarization and
collaboration among individuals, opinions, and shared areas as an emergent social
platform (Merkel, 2015).

Among coworking spaces, makerspaces exhibit a distinctive collaboration
environment with its making-oriented structure. The act of making, a unique feature
of humanity, is defined as the way of transforming the world using tools and
materials (Dougherty, 2016). Anderson (2012) explains the new industrial revolution
into two parts: discovering online and making it in reality. The digital revolution is
mainly restricted to screens, in which laptops, phones, TVs enable connection with
the outer world. However, we live in our physical worlds that are surrounded by

manufactured items. Although Maker Movement is defined as a movement that



supports hobbyist and school projects, it has a significant impact on social and
economic change (Martin, 2015). While conventional production gathers people
under hierarchical control and management, peer production brings people together
with the rise of networked systems and online platforms to generate collective
intelligence (Benkler, 2015).

The business, education and social aid models evolve through the increased
availability and accessibility of digital fabrication tools (eg. 3D printers, laser cutters,
CNC machines) (Gershenfeld, 2012). Now, there are makerspaces founded in
various forms, academic makerspaces, library-based makerspaces, or museum-based
makerspaces. In these varying contexts, makerspaces are places where production
can be democratized through collective making activities with shared facilities
(Mersand, 2021). In this community-based environment, it is possible to access tools,
collaborators, and skills to make anything desired. Through the dissemination of
making, shared tools and methodologies enable a product/item designed and
fabricated in one makerspace to be produced as-is or adapted/customized in any other
makerspaces (Smith, 2017). Means created in makerspaces do not have a single
owner since it emerges from a collaborative effort of many individuals in dispersed
communities (Benkler, 2015). Dougherty (2016) define maker mindset as the
tangibles that are gained from experiences along maker activities. This mindset is
disseminated over communities with the Maker Manifesto introduced by Hatch
(2014). It creates a guidance for the maker community with presenting the core
values of makers as make, share, give, learn, tool up, play, participate, support, and
change. Within this shared environment, collaboration takes different forms

according to the particular elements of makerspaces.

1.2 Aimand Scope of the Study

Many individuals who are inclined to create their own artifacts search for spaces to
work. These areas provide both shared facilities and an environment that encourage

people to use the makerspaces. It is not only about facilities or environment to use,



but also these spaces provide a social environment that consists of people from
diverse areas both exhibiting the eagerness to make. This familiarity in desire and
diversity in practices create a social setting that people act and share in the
community. In the context of emergent makerspaces, there are various applications
in high schools, university campuses, public libraries, or museums. In Turkey, it is
widely seen that applications in universities, high schools, pre-schools, and public
spaces are common. In order to investigate collaborative action in these settings, the
main focus was university makerspaces and public makerspaces aiming at social
benefit, since these spaces provide a disciplinarily diversified environment. This
study aims to reveal how members of the community collaborate in these

makerspaces with respect to the organizational, spatial, and social aspects.

1.3 Research Questions

Regarding the mentioned aim of the study, the following research questions are
asked.

» How and to what extent do the collaboration characteristics change in relation
to the particular elements of makerspaces?

» What are the effects of organizational, spatial and social elements of
makerspaces on collaborative activities through the thoughts and experiences
of makerspace members?

» How and to what extent does the collaboration among participants differ in
changing makerspace contexts?

1.4  Significance of the Study

There are changing frameworks with the advanced technologies and social settings
in work environments. In these evolving work environments, some professionals
position themselves in the creative field. While designers follow with the change in
these frameworks, makerspaces provide an innovative setting that contains

collaboration and maker movement together.



When collaboration literature is examined, it is seen that literature is more gathered
around practices in management, design, and medical fields. It is seen that these
studies centralize knowledge management, role sharing, and disciplinarity while
discussing collaboration. In the defined borders of disciplinary frameworks, levels
of collaboration are discussed through the disciplinary knowledge and intertwined
areas. In recent years, emergent studies of coworking spaces put forward the social
and spatial aspects of collaboration in creative work fields. There are studies that
investigate the experiences and interactions of members within these socially
enhanced spaces. However, these areas are used by more freelance individuals or
small scale company workers. In this context, a coworking space becomes just a

common use space that provides a social environment for independent members.

In the maker movement literature, there are studies mostly in education, engineering,
technology, and production fields. There are studies more focused on the case studies
that investigate the design of new makerspaces in schools. Most of these studies
present guidance to establish new makerspaces mostly in terms of production
facilities; however, the disciplinary concept is not probed. In addition,
implementations of both open hardware and open software into the technological
initiatives by students or entrepreneurs are emphasized. Effects of these
technological improvements on integrating individuals into the production are
mentioned as well, yet there is not much discussion about ways of collaboration in

these studies.

In this study, investigating collaboration elements from the perspective of both
members and facilitators of the space is significant. Differentiating from other
coworking spaces, makerspaces consist of members and facilitators who show
similarities in their perspectives and aims. Also, the uses of makerspaces differ from
other spaces with the provided fabrication environment rather than just a shared

office.

This study contributes to the discussion around collaboration in the maker movement

literature with a comprehensive approach examining the organizational, spatial, and



social aspects. The findings of this study introduce an understanding of design
management practice while examining the collaborative design action in disciplinary

diversified areas.

A significant percentage of people who use coworking spaces are designers.
Considering design education, the use of design studios can be interrelated with the
makerspaces considering its shared use and making-oriented space. However,
disciplinarity cannot be mentioned in the context of design education. Since design
discipline is positioned as a central discipline that has interfaces with many fields, it
is important to explore making-oriented shared spaces through the lens of
disciplinarity. Therefore, it is significant to analyze these relations to make
contributions to both design of coworking areas and the enhancement of design

education.

15 Structure of the Thesis

This thesis is structured into five main chapters.

Chapter 1, Introduction, establishes a ground for the study while explaining briefly
background studies related to collaboration and the emergence of makerspaces.
Then, the aim and scope of the study, research question, and significance of the study
are stated. Lastly, the structure of the thesis throughout the five chapters is given

briefly.

Chapter 2, Literature Review, presents a comprehensive overview of the literature
on both collaboration and the maker movement. The literature on collaboration is
examined under four main headings; disciplinary frameworks, organizational aspects
of collaboration, spatial aspects of collaboration, and social aspects of collaboration.
The second part of the literature starts with the maker movement. Then disciplinary
frameworks discussed in these environments are given. After that, collaboration
characteristics in makerspaces are presented under organizational, spatial, and social

frames.



Chapter 3, Methodology, begins with the methodological approach adopted in this
study. Then, the sampling strategy is described and the selected participant groups
are introduced. After that, the data collection process is explained through the used
techniques, interview questions, and the procedure of conducting interviews. Finally,

the data analysis method, template analysis, is explained step-by-step.

Chapter 4, Analysis, presents the results of interviews. First of all, the involvement
process of members to the space is outlined by introducing their personalities,
expectations, and also the attitude of makerspace facilitators while inviting members.
Then, collaboration characteristics in the makerspaces are analyzed under
organizational, spatial, and social frames. Another layer of the analysis provides a
comparative approach while examining collaboration. Both goal-driven and place-
driven makerspaces are compared to underline the differentiating collaboration
characteristics, followed by a comparison of the participants’ previous work

experiences and their makerspace experiences.

Chapter 5, Conclusion, begins with an overview of the study. Then, the main
conclusions of the study are listed and discussed further. Limitations confronted

through study and recommendations for further research are presented lastly.



CHAPTER 2

LITERATURE REVIEW

In this chapter, a literature review of the relevant topics covering the aim and scope
of this study is given. The purpose of this literature review is to establish a ground
for the research which investigates the collaborative environment of the makerspaces
as a new working framework. While investigating the collaboration in makerspaces,
a comparative approach is used with business-oriented environments. In the
literature review given in this chapter, there will be two main sections that describe
the collaboration characteristics both in business-oriented working environments and
makerspaces. Business-oriented working environments are explained within their
disciplinary frameworks and collaboration characteristics. After that, the overview
of Maker Movement, disciplinarity in makerspaces, and the collaboration

characteristics are given in detail.

The review starts with collaboration frameworks as defined as multidisciplinary,
interdisciplinary, and transdisciplinary. Collaboration in business business-oriented
working environments will be investigated considering its organizational, spatial,
and social dimensions. After that, the maker movement will be described with the
definitions and history of the movement. Then, disciplinary frameworks in
makerspaces will be examined to understand their disciplinary nature. Similarly,
collaboration characteristics will be investigated under three main sections:

organizational, spatial, and social aspects that affect collaboration in makerspaces.



2.1  Collaboration Characteristics in Business-Oriented Working

Environments

As problems studied in the design fields are getting more complex, the solutions for
these problems requires diverse design related expertise (Arias et al., 2000). While
bringing this diverse expertise, coordination of a team is essential to construct a
common ground in coordinated design activity (Barron, 2000). Fischer (2004)
defines design as a ubiquitous activity, which is situated at the core of creative
occupation and emphasizes the necessity of working collaboratively rather than

individual work.

Although the necessity of collaboration in design activities is stated, its emergence
into the work field is changing with time. Boundaries between design-related
disciplines are blurring (Dykes, Rodgers & Smyth, 2009). According to types of
knowledge transfer along these borders, collaboration takes many forms as;
multidisciplinary, interdisciplinary, cross-disciplinary, and transdisciplinary. These
different forms create new frameworks for collaborative design settings. While these
different frameworks are based on disciplinary relations, there are other variables
such as spatial, social, or organizational aspects which define a collaborative action
and dependently evolve the collaborative working framework. (Poggenpohl, 2004).
Now, makerspaces are the new form of the collaborative working framework which

differs from traditional working environments (Hyysalo et al., 2014).

2.1.1 Disciplinary Frameworks

In order to understand the nature of collaboration, it is required to examine discipline
and different disciplinary frameworks. Throughout this section, disciplinary
frameworks will be defined to clarify the forms and levels of collaboration.
Responding to the aim and scope of this research, it is necessary to position business-

oriented working environments and makerspaces considering these frameworks.



2.1.1.1  Disciplinarity

Gardner (2000) defines discipline as a professional domain that exhibits its own
concepts and methods related to specific fields. These disciplinary domains consist
of scholars who represent shared culture (Kuhn, 1970). Reich and Reich (2006)
define these cultures as academic tribes regarding their interaction, social relations,

methodologies, attitude, and value.

Van den Besselaar and Heimeriks (2001) state that with the growing complexity of
problems, a single scientific discipline cannot generate a single, comprehensive
solution. Synthesis of various scientific disciplines is required to gather application-
oriented knowledge to develop an applicable solution. Gibbons et al. (1994) classify
the production of knowledge as two modes, regarding their disciplinary
environment. Mode 1 is the disciplinary knowledge, which consists of theoretical
knowledge based on academic interest. Mode 2 is more application-oriented, rather
than focusing on specific scientific knowledge. To create an environment that
supports the production of knowledge, it is essential to provide a basis for
communication and coordination of various disciplines. Jantsch (1972) specifies
collaboration forms in a hierarchical order from disciplinarity to the following
frameworks as  multidisciplinarity,  pluridisciplinary,  cross-disciplinary,
interdisciplinary, and transdisciplinary. In the following sections, multidisciplinary,
interdisciplinary, and transdisciplinary collaboration will be presented in detail.

2.1.1.2  Multidisciplinary Collaboration

Collin (2009) defines multidisciplinarity as a collaboration framework where various
disciplines working independently on different tasks of a common project. This
collaborative action has a parallel or sequential task order. Disciplinary actions are
done in the disciplinary boundaries and there is no attempt to generate
complementary knowledge (Tress et al, 2005). Stock and Burton (2011) classify
multidisciplinary collaboration as a coordinated but not integrated activity. Although



disciplines have interaction in order to maintain a coordinated project, it does not
become an integrated activity among different disciplines. Nicolescu (2005) states
that there is the independence of disciplines and multidisciplinary collaboration

continues as a disciplinary work even in the achieved collaborative environment.

2.1.1.3 Interdisciplinary Collaboration

Interdisciplinarity is defined as the integration of knowledge and perspective of two
or more disciplines in order to solve a complex problem (Repko, Szostak &
Buchberger, 2020). This approach aims to generate more comprehensive insight
while studying a problem. Stock and Burton (2011) draw a comparison of
interdisciplinarity and multidisciplinarity addressing the level of integration and
cooperation. Interdisciplinary studies require bridging among disciplinary
perspectives in order to achieve an integrated and cooperative working environment.
This bridge makes it possible to generate new knowledge with the contribution of
neighbouring disciplines aiming for a jointly framed problem, methodology, and

solution.

2.1.1.4  Transdisciplinary Collaboration

Dykes (2009) classifies transdisciplinary collaboration as the most complex form of
collaborative frameworks because of its focus on complicated real-world problems.
Stock and Burton (2011) states that apart from the integration of various disciplines,
transdisciplinarity enables participatory design with the attendance of stakeholders
and practitioners of related problems. Domik and Fischer (2011), emphasize how
transdisciplinary ~ collaboration  differs  from  multidisciplinarity  and
interdisciplinarity. In multidisciplinary collaboration, disciplines work on the same
problem in sequential order cooperatively, whereas interdisciplinary collaboration
takes it one step further with an integrated knowledge created together. On the other

hand, transdisciplinarity enables collaboration to generate new knowledge with
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purpose-oriented disciplinary joint work. Klein (2000), describes this form of
collaboration as a ‘newly unified whole’ since collaboration becomes independent
from disciplines; and also, disciplinary approaches and knowledge are merged. With
the achieved collaboration, it is not possible to distinguish disciplinary concerns or
expertise (Gibbons et al., 1994).

2.1.2 Organizational Characteristics of Collaboration

From an organizational point of view, collaborative working environments are
shaped according to two main concepts: openness and governance. While openness
refers to the interaction within team members, governance is more related to the
relative hierarchical status among participants. As illustrated in Figure 2.1, the
combination of the open-closed or flat-hierarchical structure determines the level of
collaboration between team members and directly affects the design process on an
organizational level. Collaboration modes defined by these factors change
throughout the design process depending on the project and participants (Salonen,
2012).

OPEN

HIERARCHICAL FLAT

CLOSED

Figure 2.1 Openness and Governance of Collaboration (Salonen, 2012)
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2121 Governance of Collaboration

Organizational flatness is defined as the reduced organizational levels resulting in
independence in operations. This non-hierarchical structure provides a flexible
environment in the organization (Zhang et al., 2014). Informality among different
levels contributes to the collaborative environment where creativity, integration, and
flexibility are required (Claver-Cortés, Zaragoza-Saez, & Pertusa-Ortega, 2007). It
also enables more efficient communication among all participants through a
decentralized decision-making process. As a result of this flat organizational
structure, all participants are engaged to take part in the collaborative design process
(Huang et al., 2011).

2.1.2.2  Openness of the Collaboration

Organizational openness is defined as the ease of accessibility to an organization and
its related tasks. Rather than a predefined set of roles, openness in the organization
enables individuals to take responsibility and have a voice while asking for a task.
There is no appointed role from the managers or team leaders. In open organizations,
participants could make contributions easily but subject areas in open structures are
not specific, as opposed to closed structures. In closed structures, the field of study
is well determined, and experts in the fields are chosen by managers or team leaders
(Salonen, 2012).

2.1.2.3  Organizational Knowledge Management

Jakubik (2008) states that participants within an organization are intended to learn
and share knowledge considering closeness in space and context. It is also stated,
organizational learning is not achieved with the written sources but also roles,
practices, perspectives, and beliefs of that organization (Claver-Cortés, Zaragoza-

Saez, & Pertusa-Ortega, 2007). According to Smith (2001), knowledge shared and
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generated in an organization can be classified into two main categories:, tacit

knowledge and explicit knowledge.

Linde (2001) explains tacit knowledge as a hidden source that exists in the
individual’s mind. It is the knowledge that arises from the behaviours, perspectives,
expertise, and abilities of the individual. In an organizational context, tacit
knowledge transfers the way of doing a specific task within social interactions. Also,
Smith (2001) describes tacit knowledge as ‘know-how’ based on the practice of
individuals. She interprets tacit knowledge as a clash of different disciplines,
cultures, and topics resulting in a ‘creative chaos’. Secondly, explicit knowledge is
the knowledge that can be transmitted among individuals through formal language
(Linde, 2001). In addition, Smith (2001) describes explicit knowledge as ‘know-
what’ which differs from tacit knowledge considering its distribution. Using the
academic knowledge or approach, individuals can digest explicit knowledge given

in printed or online sources.

Garvin (1993) describes learning in the organization with the notion of “five building
blocks’. He introduced five categories to learn as (1) scientific learning, (2) trials and
errors, (3) learning from previous experiences, (4) peer learning, and (5) knowledge
transfer (Table 2.1).

Table 2.1 Five Building Blocks of Organizational Learning (Garvin, 1993)

Building Blocks Description

Scientific methods are used to solve problems. Accuracy
and precision is critical

Experimentations are carries out to generate new
knowledge

Learning from Individual experiences or history evaluated to understand
previous experiences | the reasons for success or failure.

Experiences of others used to adapt solutions or generate
new ideas

Written or oral sources used to transfer knowledge
through reports or trainings

Scientific Learning

Trials and Errors

Peer learning

Knowledge transfer
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Learning in an organization is not gathering diverse knowledge of required
disciplines, but scaling that knowledge through the organization with a shared
understanding (Fiol, 1994). According to Moreira and Zimmermann (2012),
individuals’ sense of belonging to a community is a key element while sharing
knowledge with other members of the organization. Commitment to the organization
makes individuals comfortable while sharing their knowledge and thoughts.
However, the knowledge sharing environment in the organization also brings a
perception of compromise and conflict. Comparing the shared perspectives with their
opinions causes individuals to have an attitude while communicating (Werr,
Blomberg, & Lowstedt, 2009).

2.1.2.4  Decision Making

Competing values arise from individuals’ perspectives, knowledge, and experiences
belonging to their disciplines. Bucciarelli (1988) defines this problem as an ‘object
world’. He states that languages and representations belonging to each discipline
become an obstacle during communication between team members and hampers the
creation of shared understanding. Arias et al. (2000) state that these conflicts should
be taken as an opportunity for the generation of new ideas rather than obstacles. Chen
et al. (2014) introduce the methodology to understand negotiation characteristics in
multidisciplinary collaborative design. Members of the studies represent their own
disciplines; therefore, they tend to consider their own utility. However, the
negotiation process in collaborative works requires concession to improve overall
utility. With the iterative negotiation process, disciplines remove the conflicts and

reach a consensus that provides a satisfying solution for all team members.

2.1.3 Spatial Characteristics of Collaboration

According to Capdevila (2017), space creates a medium for collaboration among

motivated individuals for creative projects while enabling peer learning. Ciolfi and
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Bannon (2007) approach to the notion of space as a framework that enables
interaction of individuals in a physical environment. Mitev et al. (2019) define
collaborative spaces as working environments that present a flat collaboration with
its provided: ambience, spatial order, aesthetic codes, and resources.

Kallio et al. (2015) emphasize the importance of physical space and distance. As the
physical distance between desks and offices enlarges, interaction among workers
becomes difficult and alternative communication methods are used. Even walls,
separators or doors become obstacles for face-to-face communication. Also,
Kokkonen et al. (2018) point out the importance of the workstation layout. While
designing work areas, open-plan offices are preferred to increase the visibility of

individuals.

2.1.3.1  Coworking Spaces

Coworking spaces are described as an emergent form of social platforms, which
provide familiarization and collaboration among individuals, opinions and
connecting environments (Merkel, 2015). Capdevila (2017) defines coworking
spaces as meeting points where people with common interests come together. These
places enable them to work on projects while having interactions with the other

creative users of the space.

Coworking spaces become prominent with the sharing economy, the high number of
self-employed workers or freelancers, increased demand for flexibility, and the use
of advanced technologies (Weijs-Perrée et al., 2019). From the perspective of a
shared economy, makerspaces can be regarded as large, open-to-use offices divided
into shared desks for their members. Services given in the space, such as meeting
rooms, lounge or kitchen, are shared too. Flexibility is provided both in terms of time
and desk according to individuals’ calendars. (Leforestier, 2009). Weijs-Perrée et al.
(2019) classify the users of the space as freelancers, self-employed people, workers,

entrepreneurs, small and medium medium-sized enterprises (SMEs), workers of
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corporate firms, or students. Members of the space locate the working environment
in between social and professional life that presents opportunities for both social and

professional interaction.

In the context of coworking spaces, Mitev et al. (2019) state that, around the
interaction points such as kitchen, coffee machine, and resting areas, tacit knowledge

is gathered and distributed within the community culture.

214 Social Characteristics of Collaboration

Avrias et al. (2000) state that complex design problems require the expertise of various
people rather than a single individual. Therefore, it is necessary to form a social
environment that consists of different stakeholders and their collaborative
interactions. The diversity of stakeholders bring different cultures together that
present different standards and demonstrations.

There is a shift from individual to collective working since the diversity of team
members enables the development of creative solutions with collective intelligence
(Brazdauskaite & Rasimaviciene, 2015). They emphasize that collective intelligence
initiates the process of creativity which can be defined as the combination and
integration of existing knowledge, experience, and approach in order to generate new

ideas.

2.1.41  Shared Understanding

Cannon and Salas (2001) investigate the collaborative action as explaining the term
‘what is shared’. According to their classification, four main categories of ‘shared’
are task-specific knowledge, task-related knowledge, peer knowledge, and
approach/opinion. In a social context, it is possible to generate comprehensive
design solutions when the approach and opinions of the individuals are shared.

Shared approach and opinion is a more general attitude enabling cohesion and
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consensus through collaborative study. It spreads over the whole process

independent from any task.

21.4.2 Social Ties

Cumming and Kiesler (2008) define the working relationship among participants as
collaborative tie strength which means a joint individual effort to achieve a common
goal. This is directly related to the concept of proximity, homophily, and familiarity.
Proximity is the physical distance between team members to maintain
communication and has a positive effect on collaborative tie strength. Homophily is
the ease of effective communication between members of similar characteristics such
as education, belief or age. These similarities improve the likelihood of working
together and empower the collaborative tie strength. Also, getting used to one's
habits and preferences makes team members more familiar and their interactions

become more comfortable.

A collaborative community is formed when strong social ties among individuals are
observed as a sense of community (Baek, Meroni, & Manzini, 2018). Malone and
Crowston (1990) describe coordination among team members as harmony. Barron
(2000) states that coordination is possible when an integrated team is observed to
establish a common ground. Chaurasia et al. (2020) define value as a belief that is
possessed by a group of people, culture or an individual. When the value is shared
among people and organizations, shared value is formed for that specific community

in order to achieve the collaborative goal.

Until now, collaboration in business-oriented working environments is introduced.
Disciplinarity and its varying frameworks are presented to specify the levels and
ways of collaboration. Then, collaboration characteristics are investigated under
three main headings (i.e. organizational, spatial, and social). In the following section,
makerspaces as collaborative working frameworks will be introduced. In order to

familiarize with the maker movement literature, the following section will start with
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narrating the emergence of the movement, makers, and their mindset. Also,
disciplinarity in makerspaces and conversations about the frameworks are shared.
Lastly, collaboration characteristics are analyzed through the organizational, spatial,
and social aspects of makerspaces.

2.2 Maker Movement and its Collaborative Aspects

The activity of making differentiates humanity from other animals. In Latin, the
person who has the ability of making is designated as “Homo Faber” which means
“Man the Maker”. Homo Faber has the ability to make tools from materials to
change the world around (Dougherty, 2016). Making is defined as the exploration of
how things work through creating or shaping objects (Honey and Kanter, 2013).
Halverson and Sheridan (2014) approach the term of making as an activity to create
means while accomplishing goals along the process.

Nascimento and Polvora (2018) state that there are also related terms, such as
hacking, tinkering, fabbing, and crafting, as the variations of productive activities
which have different use of tools, materials, space and community. The concept of
hacking has the contradictory act of creating means toward the existing usage or
environment. The process of hacking starts with breaking down things to understand
how they work and continues with producing new and extraordinary objects
(Nascimento & Polvora, 2018). Tinkering is described as a playful, experimental and
exploratory approach to a problem or task. The tinkering process is the continuous
generation of ideas, examining and improving the concepts, then experimental
investigation of concepts in a progressive way. In opposition to planning, it is more
of a messier process. The tinkering process begins with messing around with things.
With a bottom-up approach, it enables people a playful exploration and building of
new things over the objects (Resnick & Rosenbaum, 2013). In order to manufacture
an object, conventional production facilities use the methods of shaping, carving or
sticking. Fabbing is the production of objects from digital files with the emergent

use of rapid prototyping facilities, such as 3D printers, laser cutters (Burns &
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Howison). Gibson (2019) describes craft as a process in which a skilled practitioner
exhibits mastery of materials and techniques while making an object. Although there
are human imperfections in craft, these products have value in terms of meeting both
personal and social needs. Also, the relationship of the craftsman with the cultural

and social environment is reflected in these means.

Then who is the maker? According to Kalil (2013), makers are the people who
allocate their own time to design and produce things. They find it satisfying to make,
tinker, explore, interpret and distribute using their accumulated experience.
Menichinelli et al. (2007) made the definition of ‘maker’ as the person who carries

out the design and manufacturing of the physical artifacts from electronics to craft.

In the following section, the Maker Movement will be explained with its history,
emergence to the new digital era, and its scalability among society.

221 Maker Movement

Although the term Maker Movement is heard widely in recent years, there have been
former developments back at the end of the 20~ century. With the emergence of
personal computers and technological facilities, both free time occupation and social
independence through making is enabled (Lindtner, Hertz, & Dourish, 2014). Martin
(2015) also states that, while the maker movement is seen as a movement that
supports school or hobbyist projects with digital fabrication tools, above all it is the
initiator of a social and economic change. After Dale Dougherty launched Make
Magazine in 2005, the maker movement became recognized in society. The
magazine becomes became a source of encouragement for people to start a new
hobby or gain new skills (Dougherty, 2012). In the following year, 2006, Maker
Faire was held which became the space where readers came together and spread this
movement with the enhanced learning environment and community (Dougherty,
2012). Further, Maker Faires have spread as annual events around the world in order

to provide makers with a display area of what they made (Peppler & Bender, 2013).
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Hynes and Hynes (2018) describe the Maker Movement as a movement that gathers
people together to reveal their imagination and passion to create through collective
learning and making. Martin (2015) defines the Maker Movement as the community
of hackers, hobbyists, tinkerers, and craftsmen who design and produce playful and
functional objects. The Maker Movement influenced the future of both technological
and cultural tendencies. Emerging technological facilities enable affordable and easy
production, to create and share both physical and digital artefacts. Also, the maker
movement changes the direction of personal consumption characteristics from using
mass-produced goods to prioritizing personally produced items. Makers started to
feel the pleasure of creating artefacts with the do-it-yourself (D1Y) approach entering
their lives (Resnick & Rosenbaum, 2013).

In terms of scalability of the Maker Movement, shared sources of knowledge, cheap
hardware, and accessibility of digital fabrication make it possible to reach the
potential makers (Halverson & Sheridan, 2014). Von Hipple (2005) states that the
‘democratization of innovation is enhanced with the innovative individuals who
create products or services for their own use. Hatch (2014) also emphasizes that the
power of this movement is directly related to its democratizing nature of making
which supports the idea that ‘everyone can make’ (Hatch, 2014, p.15) and ‘everyone
can change the world’ (Hatch, 2014, p.30).

The following section introduces the Maker Manifesto and the maker mindset, which

are the guidelines of the makers’ collective movement.

2211 Maker Manifesto and the Maker Mindset

Maker Manifesto is published by Mark Hatch in order to create guidance for the
community. Hatch (2014) defines the core values of the maker community as make,
share, give, learn, tool up, play, participate, support, and change. These core values
are published and other makers are called to make changes and personalize their own

maker movement manifesto.
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Creating new ideas and converting these into tangible things has an impact on both
the maker's life and the world. This level of control over life through the creative
process develops maker mindsets. Maker mindset is the intangibles that are gained
from experiences along making activities (Dougherty, 2016). Martin (2015) lists four
main elements of the maker mindset as playful, asset and growth-oriented, failure

positive, and collaborative:

Playful: Although the Maker Movement is related to the emergence of
fabrication tools, cheap and accessible materials and online sharing
platforms, the experimental play takes place on the top. Having fun, attention,
and play is situated at the core of making. The learning process of both
children and adolescents can be enhanced via playful activities (Martin,
2015).

Asset and Growth-oriented: Dougherty (2013) identifies a maker mindset
as growth-oriented that everyone can learn anything they want to achieve.
They can both improve their areas of expertise or dive into new fields where
they are motivated to learn (Martin, 2015).

Failure Positive: Failure is welcomed within the maker mindset considering
its opportunity to build experience. It is important to understand the problems

faced in order to establish adaptive proficiency (Martin, 2015).

Collaborative: Collaboration and sharing are key elements of the maker
mindsets. Sharing enables knowledge transfer, feedback mechanisms and
social relations within the community. Even if the maker projects are not
carried out in groups, collaboration is possible with an environment that
facilitates sharing ideas and helping each other. Maker movement can be
interpreted as a knowledge building community with its macro-scale sharing

and collaborating nature (Martin, 2015).
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In the previous section, making as a creative activity is defined with the definition of
a maker. Then, the Maker movement is explained historically with its emergence and
scalability in society. After that, Maker Manifest and the mindset that makers
develop is presented to clarify the individual characteristics. In the following section,

the definition and classification of makerspaces will be presented.

2.2.1.2 Makerspaces

The emergence of makerspaces changes in size and type. A common point for all of
the makerspaces is its spatial divergence of bringing experts, ideas, tools, and
knowledge together. Rather than providing a variety of tools, the “act of making”
remains at the core of makerspaces (Davee, 2015). Taylor et al. (2016) define
makerspaces as the reflection of maker culture, which provides personal production
facilities such as digital fabrication tools and open electronics located into openly
accessible spaces. They interpret this change as a revolution in collective working
environments. Burke (2014) summarizes the makerspace as anywhere making
happens. He emphasizes the act of making regardless of space. In line with this
perspective, Davee (2015) classifies makerspaces into three main categories where

‘making’ appears in different contexts:

Dedicated Makerspaces: These makerspaces include production facilities,

materials, and tools in a specific location such as libraries or schools.

Distributed Makerspaces: Rather than spatial use, distributed makerspaces
are organization-oriented. The core of these makerspaces is the members of
the organization and its governance. Various locations are used for events,

production, and meetings by the makers.

Mobile Makerspaces: In this context, space and facilities are mobile and

making activities can be held in different locations.
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Vuorikadri et al. (2019) define makerspaces’ four quadrants in order to demonstrate
the different contexts of making with the changing spatial and learning
practices. The horizontal driver of change is the use of dedicated space that
integrates their mindset in a physical setting. Maker programs are carried out in
museums or libraries where space is not dedicated to a specific community. On the
other hand, the vertical driver of the change is the intended goal of the makers. The
use of space along with scheduled training activities, such as workshops or learning
in the space, while experiencing the space are two poles of this axis. These four
quadrants classify the makerspaces that offer different contexts of making as given

in Figure 2.2.

Intentional learning
I. Making as a learning space Il. Making as a methodology

Making is a fully embraced activity in educationand | Making is a key feature of a leaming trajectory. The
training (e.g. schools, VET, HE). Makerspaces are | opportunities offerd by tinkering and making are
recagnised as hubs for specific leaming outcomes, and | recognised as part of leaming outcomes, and to some
structured programmes of studies and making extent, the ‘maker-centred leaming’ is applied to
curricula are created. Dedicated makerspaces almost any discipline in schoals, universities and other
proliferate in leaming organisations, they vary | certified study programmes. Maker boxes are created
according to each organisation. | as support material and integrated into lessons,
Makerspace Maker program
Ill. Making as a community IV. Making as a life skill

Makerspaces are growing in community centres, in Making is seen as part of a life skill to enhance
libraries, museums and stand-alone clubs. Making is understanding of the world around us and to improve
seen as an activity that brings the citizens together, the quality of our lives. Making is perceived as a

people going to makerspaces vary in age, gender, mindset that resonates with sustainable development.
educational background and attainment. The main People still come together for making and sharing -
aims of the makerspaces are the process of the sometimes at events, through pop-up making
creation of outputs and the sharing of knowledge programmes or just online.
among participants.

Incidental learning

Figure 2.2 Four Quadrants of Making (Vuorikari et al., 2019)

Makerspace definition and its emergence in different contexts is given above. In the

following section, disciplinarity in makerspaces will be analyzed.
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2.2.2 Disciplinarity in Makerspaces

The Maker Movement initially emerged with the Maker Faires and independent
organizations, such as TechShop, and Sector 67. After that, this movement spread to
museums, schools, libraries, university clubs and local communities (Halverson &
Sheridan, 2014). In these different settings, Vuorikari et al (2019) point out that
makerspaces encourage ‘making’ in divergent disciplines. Although the disciplinary
perspective is given and practised in academic life, diverse disciplines, such as art,
engineering, and design, bring their disciplinary skills and knowledge together to
produce creative things. In makerspaces, disciplines tend to observe and shift to

another disciplinary field to gain its perspective.

Giiller et al (2017) define makerspaces as both cross-disciplinary and
multidisciplinary. In these collaborative environments, rather than experiencing
different fields, individuals also learn how to interact with makers from different
fields. Mathuews and Harper (2018, p.359) describe makerspaces as ‘discipline-
neutral, informal learning spaces’. Byrne and Davidson (2015, p.10) claim that
“making erases disciplinary boundaries... or transcends them”. It enables
interdisciplinary collaboration between diverse disciplines, such as engineering,
designs, art, and science, by removing physical and mental boundaries. Thus,
disciplines have the chance of getting to know each other in a creative and goal-
oriented way. Halverson and Sheridan (2014) state that makerspaces remove the
disciplinary borders with the nature of their process and product-oriented practices.

The main focus of the projects are tools, materials, and processes.

Foth et al (2018) analyze the disciplinary framework of the makerspaces in three
dimensions where the disciplinary boundaries are blurred and blended with
transdisciplinary linkages. First of these dichotomies arises from the concepts of
professionals and amateurs. Even though making requires a set of skills,
makerspaces involve professionals to educate amateurs to reach common goals.

Secondly, fabrication in makerspaces brings both digital and physical skills together
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in order to create things that involve various disciplinary skills. Lastly, makerspaces
bring craft culture and knowledge-based disciplines together. While craft culture is
associated with ‘blue-collar’ skills, knowledge-based disciplines are associated with
academic, ‘white-collar’ skills. Makerspaces enable the integration of these two

socially categorized groups to catalyze the possible sharing of different perspectives.

2.2.3 Collaboration Characteristics in Makerspaces

In the previous section, disciplinarity arguments in makerspaces are given to present
the collaborative action. As Poggenpohl (2004) states, collaboration characteristics
in makerspaces can be investigated under three main headings; organizational,
spatial, and social aspects. Firstly, the organizational structure of makerspaces
considering members, hierarchy, and knowledge management will be introduced.
After that, spatial elements including physical and digital tools in the space are
explained with their effects on collaboration. Interactions among both human and
non-human actors in space are demonstrated. Finally, social aspects of makerspaces
and their effect on collaboration are presented emphasizing the participation, sense

of belonging to the community, and collective learning environment.

2.2.3.1  Organizational Effect on Collaboration

Dougherty (2016) emphasizes that, besides space, it is critical to build an
organization in order to maintain the making activities in the space. Considering how
makerspaces should be governed, He emphasizes the importance of managerial
responsibilities and decision-making processes in space. Makerspaces exhibit a self-

organizing structure rather than hierarchical communities.
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2.2.3.1.1 Participants of Makerspaces and Hierarchical Orders

Dougherty (2016) illustrates the pyramid of participation while explaining the
community's expertise and hierarchical structure (Figure 2.3). The base of the
pyramid represents the amateurs which are many in number. These people have the
eagerness to progress with the activities even though most of their attempts remain
unachieved. However, professionals, the upper portion of the pyramide,
are relatively small in number but they prove themselves with their expertise in the
field. While professionals are called paid personnel, amateurs are mostly called

volunteers in the community.

£

Figure 2.3 The Pyramid of Participation (Dougherty, 2016)

In the context of makerspaces, there is a blended proficiency that breaks down the
hierarchical order among participants. Contrary to the expected flow of competence
from bottom to top, amateurs have the opportunity to get paid for a task, or
professionals may dive into new areas where they love to be. Halverson and Sheridan
(2014) define the work in the makerspaces as voluntary, unlike school education. In
makerspaces, the field of study, the time of work, the process to follow are totally up
to the maker's’ individual working manner. Young participants in the space are
welcomed and their opinions are valued in the organization; thus, encouraging them

to show their individual skills and methods (Davee et al., 2015).
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In order to understand the organizational structure of the makerspaces, it is necessary
to define its members. According to Dousay (2017), there are three main categories;
paid personnel, volunteers, and a blend of two. Davee et al. (2015) make a
classification of makerspaces members as spacemakers and participants. The term
“spacemaker” corresponds to educators and responsible people for running the
makerspace. Since makerspaces take different forms in universities, local and
corporate organizations, their participants vary greatly. Another classification of
makers by Jensen et al. (2016) describe these subgroups as entrepreneurs, hobbyists,

children, students, and companies.

Dougherty (2016) draws attention to the agility and scalability of the Maker
Movement with the aid of removed hierarchical orders. According to him, amateurs
are the driver of the Maker Movements. Without asking permission from
professionals, amateurs take the initiative and perform experimental processes to do
tasks in the makerspaces. It provides freedom for amateurs to improve themselves
and contribute to the agility of this movement. Byrne and Davidson (2015) state that
making surpasses the traditional hierarchy of the dissemination of information and
opposes academicians, student, and faculty authority. Regardless of these

hierarchical titles, individuals are engaged to learn from each other in makerspaces.

2.2.3.1.2 Learning Practices in the Organization

Vuorikari et al. (2019) point out that in terms of their aims and approaches,
makerspaces take different forms. While some of the makerspaces concentrate on
social innovation, others may concentrate on empowering particular groups,
entrepreneurship, or education in schools. It is essential to investigate learning
practices in these varying forms of the Maker Movement’s implementation areas.
Although it seems that application in schools requires an intensive study on
education and learning, these practices are enlarged to other domains where

“making” 1s shared.
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Martin (2015) makes a comparison of learning practices in traditional classrooms
and makerspaces considering the interaction of members. While in traditional
classrooms, there is a direct flow of information from teacher to students, interaction
in makerspace is more complex. This interaction occurs around the makers’ work in

a multidirectional way.

Learning practices in the makerspaces situated at the junction of constructionism,
constructivism, problem-based learning, and collaborative learning. The main
difference between constructionism and constructivism is the way of knowledge
transfer instructively or intuitively (Dousay, 2017). In the constructivist approach,
learning occurs in a social manner where learning from other makers or experts
occurs. It is not a lesson taught by an instructor; rather, it is the gathering of required
learning materials through communication in a social context (Tan et al., 2016).
Besides, the constructionist approach emphasizes the process of learning something
while making. With the digital and physical making facilities of the makerspaces,
knowledge is constructed through experimentation, tinkering and questioning along
the process (Halverson & Sheridan, 2014). Moreover, collaborative learning is
possible in environments where two or more individuals come together. In the
makerspaces that provide this work environment, makers gather knowledge about a
topic and enhance their skills to produce. In order to achieve collaborative learning,
it is necessary to have community knowledge, community interaction, and the
eagerness of individuals to learn (Oswald & Zhao, 2021). Finally, Dousay (2017)
defines problem-based learning as the key element which enables the maker to frame
an ill-structured problem or investigate an unpracticed activity of creation. Along the
process of problem-based learning, makers follow four main steps; problem
presentation, problem examination, solving the problem and problem assessment
(Chan & Blinkstein, 2018).

In order to maintain these approaches in the makerspaces, there is a need for
educational principles that makerspace organizations should follow. Kurti et al.

(2014) list these principles as accepting failure, encouraging the use of equipment
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without fear and collaboration. Besides its facilities, makerspaces should provide a
supportive environment for makers to sustain their attendance in the community.
Failure is seen as an opportunity to explore new things and reach desired goals in an
iterative way. The process of digesting knowledge through lessons learned is
encouraged. Secondly, the most remarkable aspect of the makerspaces is their digital
and physical fabrication capabilities. The use of this equipment without fear enables
makers to be more productive in the makerspace. Lastly, collaboration is valued in
order to gather diverse knowledge and expertise together. Space-makers govern the
collaborative environment by initiating and encouraging debates. As a multiplier,
space-makers bring individuals together in order to create a valuable reflection from

individual opinions.

Wardrip et al. (2015) relate the learning practices of the makerspaces with its
practice-based perspective. This approach is based on the social and cultural context
of learning through practicing in makerspaces. In parallel with the given learning
practices above, practice practice-based learning shows similarities with both
collaborative learning and constructivist approach in a social manner. With the
diverse environment of the makerspaces, including various disciplines and levels of
expertise, makers practice in a social environment that supports peer learning. Also,
practice-based learning shows similarities with both constructionist and problem-
based learning approaches in a cultural manner. Maker culture gives priority to
questioning the problem, tinkering, presenting a failure positive attitude, and a

growth-oriented approach.

2.2.3.2  Spatial Characteristics

Makerspaces are built within the context of education, public use or corporate
organizations. “Making” is encouraged within the libraries and museums located in
these areas (Herro et al., 2021). Sheshadri et al. (2018) emphasize the effects of space
on community engagement. While makerspaces bring people with common interests

together, they also provide a platform that supports social cohesion. It is possible to
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meet other makers, share projects, and hang out in the space. Keune et al. (2015)
point out that collaboration occurs within the makers and physical and social
elements around. Apart from interaction among individuals, interaction occurs with

the help of physical artefacts which enable shared investigation and practice.

2.2.3.2.1 Fabrication Tools in the Space and their Reflection on

Collaboration

Keune et al. (2015) classify the tools for making as low-tech and high-tech tools.
Low-tech tools such as scissors, wrenches or measurement tools are placed in
common use areas and it is possible to shift these from one desk to another. Also,
high-tech tools, such as 3D printers and laser cutters, are placed in the space to enable
rapid use. Printing materials or laptops used for the data transfer become the
gathering point for makers that boost social cohesion. Anderson (2012) defines
digital fabrication tools as four desktop factories (i.e. 3D printers, laser cutters, CNC
routers, and 3D scanners). Usage areas and work principles of these digital

fabrication tools are presented below:

3D Printers: In order to print a model, it is necessary to create 3D models
generated via CAD (Computer-Aided Design) software or 3D scanning. With
the slicer tools, 3D models are sliced into virtual layers. The printing process
continues layer by layer. Printing material, in the filament form, is deposited
from a nozzle which is a melting head (Martin, 2015).

Laser Cutters: The cutting process is initiated with the melting of the raw
material with a laser head. Raw materials used for laser cutting are generally
thin layers of wood, plastic, or metal. Laser head moves in 2D coordinate
systems. Desired geometry is projected into a 2D drawing which determines
the path of the laser (Martin, 2015).

CNC Routers: Apart from 3D printers and laser cutters, CNC routers

produce desired objects by removing material from raw material. In order to
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produce a model with a CNC Router, it is necessary to create a 3D model.
Using the CAM (Computer-Aided Manufacturing) software, this model is
converted to a path in a 3d coordinate system. Also, various cutting tools are
used to remove material. Speed of these tools is also critical for machining.
Raw materials used in CNC routers vary from wood, metal to plastic (Martin,
2015).

3D Scanners: Besides 3D printers, laser cutters, and CNC routers, which are
the machines that fabricate 3D objects, 3D scanners convert real objects into
digital 3D files. With the light source objected to an item from all around, it
is possible to generate 3D models of everything someone possesses
(Anderson, 2012).[A26]

Keune et al. (2015) reveal how accessibility, mobility, and flexibility of tools
enhance collaborative learning and remove social obstacles. Both high and low-tech
tools are placed in visible and unlocked locations without any restriction to the
makers. To illustrate, Taylor et al. (2016) symbolise 3D printers as a ‘hook’ that
draws the attention of the makerspace visitors, thus enabling the interaction around
it.

All around these physical and social interaction points which makerspace provides,
it is also a synthesizer of different fields. Traditionally separated disciplines gather
together under the roof of makerspaces with the creative “making”. With the
diversity in terms of both spatial objects and makers’ interest in the space, someone
makes sewing while someone deals with electronics nearby or woodworking next to
computer programming. It is also noticed that traditional and digital making
activities share the same space which enables creative combinations of disciplinary
knowledge and hand skills (Mitev et al., 2019).

In their study, Taylor et al. (2016) point out the importance of a variety of fabrication
elements in the makerspace to scale up the collaboration there. While, in common,
makerspaces possess digital fabrication tools and electronics, these facilities

31



determine the level of diversity in the space. Including sewing equipment in the
makerspace enables creative juxtapositions since it draws the attention of a different
community. Therefore, the interaction of various spatial elements and makers who
are from diverse interest areas enrich the collaboration and sharing of knowledge in

the space.

2.2.3.2.2 Makerspace as a Third Place

Mitev et al. (2019) describe makerspaces, rather than a physical area, as a space, a
time and a community standing between home and work (i.e. third place). In the case
of educational makerspaces, it is also seen as a space that combines formal and
informal learning practices with the facilities and the mindset presented by teachers
and space-makers. Collective learning is enhanced in these third spaces with
eagerness-oriented attendance, collaboration, and the social relation between makers
(Culpepper & Gauntlett, 2020). Also, it is noted that these places provide their users
with a supportive environment and strong commitment (Gerdenitsch et al., 2016).
Consequently, makers value their effort, have a taste of freedom and feel connected

to a community in contrast to corporate workplaces (Spreitzer et al., 2015).

Rafalow (2016) mentions that makers enlarge their making activities from creating
tangible objects to programming, graphical design or electronics that are shared in
the online spaces. These platforms will be given in the following chapter to explain

the social community that the maker movement achieved.

2.2.3.3  Social Characteristics of Makerspace

Apart from a space where fabrication activities are done, makerspaces are ‘hubs of
community’. In this community, makers socialize while working and learning
together (Taylor et al., 2016). Wilczynski et al. (2016) also state that makerspaces
gather makers together around social events and design workshops in order to create

social cohesion. Hatch (2014) states that makerspaces play a junctor role in gathering
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like-minded people together to make projects. Apart from the disciplinary
divergence of the makerspace members as described in the previous sections,
makerspaces involve people from various socio-economic backgrounds, ethnicities,
genders, and disabilities. Although the maker stereotype is noted as white, male
middle-class individuals, there are women, people of different colours, and the
homeless in the makerspace which present diverse social identities (Riley et al.,
2017).

According to Wilczynski et al (2016), community-centered spaces are open and
supportive environments that foster participation, a sense of belonging to the social
environment and collective learning. While there is no obstacle to access to space,
new members are welcomed to join collaborative making. Also, social links among
makers are enhanced with the social programs and attachment to the community
increases with the raised community awareness. Lastly, the learning process is

supported by peer learning and collective knowledge building.

2.2.3.3.1 Participating a Community

Makers from diverse social entities follow an involvement process in a community.
Dixon and Martin (2014) classify frames of involvement as exploration, exchange
and deliberate engagement (Figure 4). It is a process of experiencing and
identification with making in the community. Firstly, participants aim to have fun
and learn something in the makerspace. It starts with the sense of achieving the act
of making. With the developed knowledge and experiences, makers intend to
interchange their know-how with peer-to-peer conversations, sharing projects, and
giving critiques to each other. Finally, intentional involvement begins with the
developed collaborative mindset in the community. At this level, makers become
experts in the field and teach other makers, develop tools for community use, and

inspire others to improve the community.
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Figure 2.4 Frames of Involvement to a Community (Dixon & Martin, 2014)

According to Herro et al. (2021), makerspaces are interest-based learning
communities where the members exhibit a similar approach while problem-solving
or achievement of a task. The openness and flexibility of makerspaces enable both
asking and offering help among the individuals in the community. Therefore, makers

feel the social support and become more engaged in the social structure.

In order to enlarge the makerspaces to a wider community, Taylor et al. (2016) point
out the accessibility and openness of the makerspaces. Workshops or other events
held on the makerspaces are a common way of integrating the public into making
activities. Moreover, the visibility of the makerspaces also catches the attention of

individuals who have a tendency and curiosity to the act of making.

Another point of view that relates participation to the community is the importance
of “leisure” as described by Vettesse and Anastasiadou (2018). They claim that

making activities carried around leisure strengthens the social links among makers.
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2.2.3.3.2 Sense of Belonging

McMillan and Chavis (1986) define the sense of belonging to a community with four
phenomena; membership, shared understanding, having an influence area, and
meeting the needs. Membership raises the feeling of involvement in a community
that works for a collective goal. Exploring the projects carried out in the community
and the collective aims, one can adopt being a part of that community. Shared
understanding is the output of shared experiences of the members, and they tend to
interact in order to establish relations with these experiences. This common ground
assists members to approach other professionals in the community. Having an
influence area is both having a voice in the community and having influenced by the
community. Members feel that they put forward their ideas without any concern.
Lastly, meeting the needs in the community enhances the sense of belonging with
the interchange of both physical resources and knowledge of other community
members. In this way, individuals position the community as a valuable source
(Roldan et al., 2018).

Similar to various activities carried out in space, makerspaces have various goals
motivating makers to engage in the community which improve their sense of
belonging. Besides economic and educational goals, makerspaces also serve local
needs (Taylor et al., 2016). As a technology technology-oriented movement, makers
also provide solutions for educational, environmental or social welfare. Individuals
who have environmental concerns, find and share solutions such as solar systems, or

waste management within the community (Nascimento & Polvora, 2018).

Makerspaces also provide facilities and environments to potential makers to develop
new skills to engage in fabrication. Involving in a productive community empowers
discriminated people in society. Thus, individuals who have difficulties while
socializing such as disabled people or substance users, find a medium to establish

personal connections and integrate into public life (Taylor et al., 2016).
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2.2.3.3.3 Community of Practice

Pettersen et al. (2019) define makerspace as Community of Practice (CoP) due to its
provided common ground that people share their knowledge and experiences. The
learning process is carried through making while socializing in the space. In the
community, makers are open to share their knowledge and support each other while
making objects. To clarify collaborative action through socializing, Levy (1999)
describes ways of forming connections among people with the emergence of the
digital world. He introduces two concepts; collective intelligence and cyberculture.

Traditionally, knowledge was stored in two ways; in libraries or in individual’s
minds. Scholars and libraries were the sources of knowledge, and in order to
maintain the knowledge transfer, face-to-face communication and the use of libraries
were essential. To achieve collective intelligence, the cohesion of collaborative work
and databases is necessary. This cohesion is dependent on the interaction level of
human and non-human factors. The familiarity between individuals and their
familiarity with the tools, software, and surrounding elements enhance the
intelligence of the team. In order to form collective intelligence, individuals should
know themselves, their team members, and their surroundings (Levy, 1999). While
explaining the learning community, Adams (2006) defines social constructivism as
the creation of knowledge via social interaction, perception and understanding since
the creation of knowledge is directly related to the social environment. Taricani
(2021) states that social construction enables making in groups with the constructed

interaction and discussion environment.

Levy (1999) also defines cyberculture as a new type of interaction existing in the
emergent digital world. Nascimento and Polvora (2016) express the online
community that is enabled in the cyberculture with two phenomena: openness and
sharing. Apart from physical settings, maker culture provides online platforms to
interchange ideas and help each other to enable every maker to achieve interactive
making. Through online platforms, the act of making is reaching out to other
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individuals or communities. Online networks that exhibit making experiences of
makers connect others around co-constructed learning and sharing ecology where
diverse methods and mindsets integrate (Peppler et al., 2013). To give an example,
online platforms such as Instructables, Thingiverse or Ardunio contribute to the
making of both digital and physical products. These platforms enable makers to
move from passive consumers to active producers with the connected knowledge of
individual makers or their communities (Artut, 2018). Open sharing allows an
incremental process that is fed from all makers. While there are part libraries created
for 3D models of 3D printable items, makers can develop their own designs and share
them on online platforms. Also, hardware platforms like Ardunio enable users to
write their own codes and share them with the online community (Camburn et al.,
2015).

2.3 Summary

Existing collaboration literature emphasizes that the complexity of design problems
require diverse design-related disciplines to work on common ground and varying
frameworks of collaboration are introduced: multidisciplinary, interdisciplinary,
cross-disciplinary, and transdisciplinary (Arias et al., 2000; Barron, 2000; Dykes,
Rodgers & Smyth, 2009). Extensive research has been carried out regarding
collaborative activity in business-oriented working environments within their
organizational, spatial, and social characteristics. Collaboration literature is more
focused on knowledge management and decision-making in organizations. Also,
how governance and openness of the organization affect the interaction within the
community is studied in the literature (Salonen, 2012). Moreover, space as a medium
to interact with its element is being studied and emergent coworking ecosystems are
introduced (Capdevila, 2017; Mitev et al., 2019). Considering social characteristics,
terms of collaborative tie strength, shared value, and common ground are introduced
(Barron, 2000; Chaurasia et al., 2020; Cumming & Kiesler, 2008).
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In the second half of the literature review, studies related to the Maker Movement
are presented extensively. Starting with the definitions of making; makers, Maker
Movement, their mindset, and makerspaces are described with the existing literature.
Then, the disciplinarity in makerspaces is argued. After that, extensive research has
been carried out regarding collaborative activity in makerspaces within their
organizational, spatial and social characteristics. Maker literature discusses the
learning environment and participation within the organizational context. Dougherty
(2016) describes the pyramid of participation while introducing the levels of
hierarchy in maker communities. There are also different definitions of levels as
space-makers and participants (Davee et al., 2015). Byrne and Davidson (2015)
claim that making enables the dissemination of knowledge and changes hierarchical
order. It is also stated that learning in makerspaces occurs with the practice-based
perspective through experimentation, tinkering, and questioning (Halverson &
Sheridan, 2014; Wardrip et al., 2015). Considering the spatial characteristics of
makerspaces, these places have high-tech tools (i.e. 3D printers, laser cutters, CNC
routers, and 3D scanners) and low-tech tools. These tools enhance collaborative
learning with their accessibility, mobility, and flexibility (Anderson, 2012; Keune et
al., 2015). Also, makerspaces are seen as a third-place that stands between home and
work, so that learning and working occur informally. Lastly, the social characteristics
of makerspaces given in the literature are presented. Taylor et al. (2016) describe
these places as ‘hubs of community’ where people socialize while working or
learning. It is emphasized that people in these areas are like-minded in perspective
and show variety in socio-economic backgrounds, ethnicities, genders, and
disabilities (Riley et al., 2017; Taylor et al., 2016). Moreover, the sense of belonging
to the community and motivations to participate are discussed in the literature
(Taylor et al., 2016). Within the practice-oriented environment of the makerspaces,

they are also defined as Community of Practice (COP) who share and learn together.
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CHAPTER 3

METHODOLOGY

The aim of this study is to understand the interactions between individuals from
different disciplines while they are working on a common collaborative design
project in the makerspace context. Makerspaces are specific working settings for the
research to understand the collaboration concept with the emergent digital world and
shared economy. In order to understand the collaboration environment in
makerspaces, it is required to understand the organizational, spatial, and social
elements of the makerspaces to define the interaction among participants throughout

the collaborative design process.

In this chapter, the research methodology adopted throughout the study is described.
Firstly, the cases investigated in the scope of this study are introduced and their
selection process is defined. Considering the research context, a selection of
applicable research methods is presented. After that, the sampling strategy used in
the research is explained. Following that, adopted techniques through the data
collection and analysis are presented considering the context of the research

responding to research questions.

3.1 Research Approach

This study aims to understand the perspectives and experiences of the makerspace
participants through a qualitative approach used in data collection and analysis.
Denzin and Lincoln (2011) define qualitative research as a way to approach natural
settings in order to deduce meanings from interviews, recordings, or field notes from
the perspective of a researcher. Those questions reveal the interaction processes of
individuals to get personal, cultural, and historical experiences without any

intervention by researchers.
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In a constructivist approach, the researcher’s data interpretation and foundation of a
pattern are maintained through the research process (Creswell & Creswell, 2017).
Flick (2004), illustrates the constructivist approach with a circular pattern (Figure
3.1). According to Flick, the world of experiences takes place in events and activities
carried on in natural and social contexts. Then, individuals in this world of
experience adopt the concept and knowledge. After that, researchers interpret these

experiences and attribute meanings to understand the world of experience.

Construction
of concepts and knowledge

O

World of - Interpretation

experience

Natural and social Understanding
environment Attribution of

Events meaning

Activities

Figure 3.1 Iterative Use of Construction and Interpretation to Define World of
Experience (Flick, 2004)

In qualitative methods, there are different strategies to collect data such as
ethnographies, case studies, phenomenological research, and narrative research.
Establishing relations and discovering meaningful patterns is possible with getting
involved with the subjects extensively (Moustakas, 1994). In the scope of this
research, it is aimed to understand the experiences of the participants through
interviews. Interview as a qualitative data collection method engages participants

and researchers in a conversation focused on research questions (Merriam, 2015).

Participant observation aims to capture individuals’ behaviours, reactions and
interactions to perspective and perceptions (Saldana, 2011). Mapping the relation
between members of the community within the space and their interaction with space

may illustrate how the collaboration occurs.
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Unfortunately, due to Covid-19 Pandemic, using observation techniques in the scope
of this research was canceled due to health and safety concerns, because these spaces
are enclosed areas with lots of people. During interviews, some of the interviewees
made an online tour to explain the space and its usage. Also, photographs and videos
uploaded on the websites of the makerspaces are examined to gather insights about

them.

3.2 Data Collection

In this section, the participants of the study and the data collection technique will be
presented. Firstly, the sampling strategy while determining the participants of the
study and the process of making contact with them are explained. Then, the data
collection technique, i.e. semi-structured interviews, is explained, followed by the

interview questions and procedure.

3.2.1 Sampling

Collecting data from the entire population which corresponds to the research interest
is not feasible. In order to reach a general opinion of the population, a sample of this
group should be selected. The basis of selecting this sample is to ensure that the
selected group is the representation of the researcher’s intended target (Brewerton
and Millward, 2001). Sampling strategies can be divided mainly into two categories;
random/probability ~ sampling  and  non-random/probability ~ sampling.
Random/probability sampling is a statistical approach to have a general opinion
regarding a research question out of a small number of people. Sample elements have
the same probability of selection and selection of each element does not depend on
or affect the other one (Kumar, 2018). Ritchie and Lewis (2003) state that probability
sampling is not applicable to qualitative research studies.

Non-random/probability sampling is mostly used in qualitative research. The

selection of the sample is independent of the statistical representation; it is more
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based on the characteristics of the population. Therefore, it is possible to make a
comprehensive study with a small group (Ritchie and Lewis, 2003). Brewerton and
Millward (2001) make a classification of four different non-probability sampling
strategies; purposive sampling, quota sampling, convenience sampling and snowball

sampling.

For sampling, the goal was to reach out to members of makerspaces who are carrying
out collaborative design projects. For this reason, makerspace environments are
taken as the focus of this research. The sampling methodology applied is purposive
sampling, since the researcher aims to get the best information from some specific
people. In purposive sampling, the researcher assesses the best possible interviewees
who provide answers to the research questions (Kumar, 2018). These people are
chosen according to researchers' judgement and are more likely to share their
objective thoughts and experiences. While selecting the participants, it is aimed to
conduct interviews with both users of the makerspaces and facilitators of that service.
Makerspace users are defined as regular participants of the space who are involved
in making activities. Service facilitators are responsible for the makerspaces’
workshop, meeting, and administrative acts. The participants of this study come from

different disciplinary backgrounds.

Although purposive sampling is quite effective for gathering in-depth knowledge, it
is difficult to reach many people. Due to the Covid-19 pandemic, it was not possible
to observe the participants in their coworking environment and choose the
participants using purposive sampling. Therefore, snowball sampling is also used to
reach more participants. Kumar (2018) defines snowball sampling as the selection
of participants through networks. It is useful when the researcher has limited contacts
in the community. Required information about the participants is taken from the
facilitators of the organizations or from individuals who have a strong network in the
maker community. This strategy gets the researcher involved in the community faster
and enables him to reach more people. Since the maker organizations are socially

connected and not so crowded, the use of this technique was implementable.
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Before giving the detailed sampling strategy applied in research, different research
cases investigated through this study will be introduced. While introducing these
makerspaces, the sampling strategy adapted for these cases will also be presented. In
the scope of this research, maker communities from different fields of applications
such as academic makerspaces (universities), non-profit maker organizations and
social maker enterprises who have makerspaces will be investigated. Throughout this
research, four maker communities were investigated. Research cases are selected
from different cities in Turkey. While reaching these makerspaces, it was important
to consider their willingness to partake in academic research. In order to reach people
from these organizations, | contacted their directors or responsible persons and
provided information about the research. Upon their approval for the research,
further communication is done with the volunteer participants. The names of these
communities and participants are kept anonymous per their requests and categorized

in Table 3.1 with their descriptive characteristics.

Table 3.1 List of Makerspaces and their Descriptive Characteristics

Case No Field of Application Use of Space Location
Case 1 Academic Makerspace Dedicated Istanbul
Case 2 Voluntary Foundation Distributed Ankara
Case 3 Social Enterprise Distributed Istanbul
Case 4 Social Enterprise Dedicated Istanbul

Case 1 is a collaboration center that enables making activities and technology-based
education on a university campus. It is a shared area by university students,
academicians and other members who are willing to take part in maker projects.
Since the makerspace contains lots of facilities within, there are responsible people
in the space too. They have roles like coordinators, machine operators, and event or
workshop facilitators. Makerspace participants have the opportunity to carry out

their individual or group projects in a shared environment. In the makerspace, there
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are open workshop sessions about technology, design, and production to integrate
university members into making and introduce the space available for production on
the campus. Also, project calls are announced to enable the interaction of university
members to raise awareness about the Maker Movement. Thus, both the university
environment and makerspace enable the formation of collaborative settings with the
effort of facilitators and members. The selection of Case 1 was done with purposive
sampling since the researcher took the information about the makerspace and their
activities through online platforms and evaluated it as a suitable research group.

For Case 1, the director of the makerspace was the contact person. The researcher
contacted the director of the makerspace via mail. A preliminary meeting was held
with the director to explain the aim and scope of the research. Since the makerspace
held their activities in a university institution, there was a consent process. After the
approval of the research, the scheduling of the interviews was asked from the
director. Both purposive sampling and snowball sampling techniques were used
while selecting participants. Since the preliminary meeting provided initial thoughts
about the structure, the researcher asked to conduct interviews with two makerspace
facilitators. Then, an interview with the director was conducted. After these
interviews, in order to increase sample size, the snowball technique was used with
the help of the director of the makerspace. These 3 interviews were planned through
e-mail correspondence. First, the users of the makerspace were invited for the
research through public e-mail. According to the reply of the makerspace users, three
interviews were scheduled and the diversity of disciplinary backgrounds was
achieved: electric-electronics engineering, mechanical engineering, and industrial

design.

Another research group of the study, Case 2, is a voluntary foundation located in
Ankara that aims to design and produce prostheses for kids who experienced the loss
of a limb. Within the structure of the community, there are teams that respond to the
calls from the kids in need. Through online platforms and networks of members, kids

and their families get in contact with the community members. The feasibility of the
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prosthesis is discussed primarily in the community, and accordingly, the design
process starts. There are volunteers participating both physically and online, and
these volunteers vary in terms of their discipline and expertise. Members of the
community are mostly composed of professionals and university students who are
willing to take a voluntary mission in the organization. Through the design process,
teams including members from different disciplines are found to come up with
comprehensive end-products. The selection of Case 2 was done with purposive
sampling since the researcher already had information about the community and its

convenience to the research.

In order to reach participants for Case 2, the facilitator of the organization informed
the possible participants of the study and contact information of these participants
were provided to the researcher. The researcher reached them through Whatsapp,
and interviews were conducted with four participants. Since the researcher did not
select participants and the selection was done with the guidance of the organization’s
authorized person, snowball sampling was used for this case. Selected participants
were the regular attendees of the community having nearly 2 years of background.
Therefore, it was possible to gather their in-depth experiences in the makerspace.
The diversity of the disciplinary backgrounds was achieved: electrical-electronics
engineering, mechanical engineering, business management, and industrial design

engineering.

Case 3 is a voluntary foundation located in Istanbul that aims to generate projects for
local issues. They position repairing, making and sharing at the core of the
community. Local problems are announced and members are called to participate in
the projects. Community members possess varying disciplinary knowledge and
levels of expertise. Activities are carried out in various places that provide required

facilities.

Case 4 is a social enterprise that aims to make knowledge accessible in the
community with shared experiences. There are facilitators and members of the space.

Facilitators drive the learning environment by matching the experts with the
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members who have a desire to learn. In terms of social and academic background,
there is a diverse range of members. While facilitators are low in numbers, there are
large numbers of participants that are in contact with the community. Activities are

carried out in a makerspace and online platforms.

For Case 3 and 4, snowball sampling was used again in order to reach the facilitators
of these organizations. With the help of a contact person in the maker community,
participants agreed to partake in the research and online interviews were scheduled
through emails.

The list of participants and their information are provided in Table 3.2.

Table 3.2 List of Participants and their Information: Involved Case, Role and
Discipline

Participant Involved o
Number Case Role Discipline
Participant 1 Case 2 Member Electrical "’!”d E_Iectronlcs
Engineering
Participant 2 Case 2 Member Industr_|al D_e3|gn
Engineering
Participant 3 Case 2 Member Business Management
Participant 4 Case 2 Member Mechanical Engineering
Participant 5 Case 1 Employee Electrical a}nd E_Iectronlcs
Engineering
Participant 6 Case 1 Employee Mechanical Engineering
Participant 7 Case 1 Manager Industrial Design
Participant 8 Case 1 Member Electrical a}nd E_Iectronlcs
Engineering
Participant 9 Case 4 Founder Mechanical Engineering
Participant 10 Case 3 Founder Mechanical Engineering
Participant 11 Case 1 Member Mechanical Engineering
Participant 12 Case 1 Part-time Employee Industrial Design
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3.2.2 Data Collection Techniques

In this research, semi-structured interviews were used as the data collection method.
Interviews were conducted with the participants who can provide a deep
understanding of the collaboration characteristics of makerspaces through the
organizational, spatial, and social aspects. It was difficult to gather data about the
spatial characteristics of makerspaces due to Covid-19 Pandemic. In order to
understand the spatial elements and their use, alternative methods and techniques
were explored. One of the service design methods, desktop walkthrough was
conducted initially. The researcher prepared a layout that ask interviewees to
visualize their usage of the area by mapping the space. While mapping the space,
interviewees were asked to define interaction points, their actions, thoughts, feeling,
critics and suggestions about the related experience. These actions are probed with a
narrative approach throughout the whole experience in space. However, this
methodology could not be implemented, since interviewees were not willing to fill
the layout template. Therefore, the researcher decided to get the required knowledge
about space throughout the interview questions. Interviewees were asked to share
their one day in the space with narrating. They defined the interaction points, their
activities in the space, the person they make contact with, equipment they use, or
their favourite spots in the space with a narrative language. Moreover, the researcher
reach photos and videos of the space on their website to visualize the space. Also
one of the interviewees made an online tour in the space to introduce the layout,
facilities and use scenario of space. Firstly, the use of semi-structured interviews is
explained corresponding to research. Then, interview questions and the process of

conducting interviews are given.

3.2.21 Semi-Structured Interviews

deMarrais and Lapan (2003) state that an interview is a comprehensive discussion

concentrated on the research questions. This discussion includes the thoughts,
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opinions, perspectives, or descriptions of the specific cases experienced by the
interviewee. Interviewing is an effective way of gathering data since it provides past

experiences of the interviewee (Merriam, 2015, p. 88).

There are different types of interviews that can be classified considering their
structures. This classification starts from highly structured and continues with semi-
structured and unstructured/informal interviews while the discussion environment is
enhanced. Highly structured interviews go through predetermined questions with a
predetermined order. It is described as an oral form of a written survey. Secondly,
semi-structured interviews are done with less structured questions which have
flexibility in wording and order. Specific data expected from the interviewee is
gathered with the help of these questions. Lastly, unstructured interviews are more
like a discussion with open-ended questions. The main goal is to learn about a
phenomenon and gather insight related to the case in order to redefine questions
(Merriam, 2015, p. 89). In this research, semi-structured interviews are preferred,
and the researcher aimed to facilitate a conversation with the interviewee directing
how and why questions to gather in-depth knowledge (Adams, 2015).

Roth and Kleiner (1998) state that knowledge is placed among interactions, artefacts,
and experiences of the people. Revealing this information with the combined
viewpoint of the participants is possible with the learning from history method. With
a constructivist approach, these jointly told stories provide involvement of the
researcher to the case and enable making a comprehensive interpretation. Interview
questions are directed to the participants of the research through asking the stories in

order to gather deeper insights related to cases (Lloyd, 2000).

3.2.2.2 Interview Questions

Interviews are performed using an interview guideline to direct the interviewee
through sets of questions. There are five main sections of interview questions and

sub-questions are prepared to make a deeper discussion (Appendix B). Interviews
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start with warming-up questions to get to know the interviewee. Interviewees
mention their interest in the maker culture and involvement process to the
makerspace while defining motivations. After getting to know the interviewee, the
second set of questions are asked over their project process to understand
collaborative action and the progress followed in the organizations. The third set of
questions are related to the makerspace environment, its usage practice, and the
effect of the space on the collaboration. The fourth set of questions is covering the
social links and community behaviour in the maker organizations. Lastly,
interviewees were asked to make a comparison of interdisciplinary collaboration
experienced in makerspaces with their previous experiences in business-oriented

working spaces.

Apart from the predetermined questions, I tried to ask further questions. In order to
reveal opinions and stories behind the answers, it is required to engage interviewees
to share more about the topic. With the help of follow-up questions, interviewees
feel comfortable and extend the scope of the conversation (Scott & Garner, 2012).
To make interviewees’ contributions easier, interview questions were asked through
exemplifications. Bailey and Tilley (2002) state that interviewees intend to tell
stories that follow a particular flow including layered meanings constructed by
interviewees. Rather than giving the truth about a topic, they make meanings through
stories. While asking about the project progress in the community, interviewees were
asked to answer using ongoing projects, or past experiences. Furthermore, while
describing the space and its use, interviewees were asked to use role-playing to
illustrate the process. Therefore, it became easy for both interviewees to express

themselves and researchers to understand the environment.

3.2.2.3  Conducting Interviews

At the beginning of the interviews, a written consent form is was given to the
participants, outlining the aim and scope of the research. Also, interviewees were

informed about how and where the collected data will be stored and used. In the
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provided consent form in Appendix A, it is stated that participation in the research
is voluntary and interviewees have the right to leave the research anytime without
presenting any reason. Throughout the interviews, audio and visual recording were
collected and they were transcribed and anonymized. After oral consents were taken
from the interviewees, | introduced myself and the research aims. Although they had

initial thoughts about the research, it was important to make a clear explanation.

Due to Covid-19 pandemic, interviews are done through online platforms, such as
Zoom, and Skype. Appropriate places for the video calls are chosen to avoid any
interruption or sound problems during the interviews. Before starting the interviews,
consent for the recording is asked from the interviewee, and approval of the
participant is taken orally at the beginning of the records. Since online media
communications provide audio and video record options, they are quite beneficial to
capture the gestures and tones. Apart from these tools, note-taking is done
throughout interviews in order to highlight some specific reflections and generate in-

depth questions.

As the interviews were conducted, | became more experienced in directing questions
and managing the process. When I felt the conversation drifting away, I intervene by
directing to the next question with a transition. For example, one of the interviewees
was talking about his individual projects in the makerspace. Responding to that
situation, I asked him to give examples of group projects that he was involved in.
Also, there were interviewees who were not willing to speak more. Interviews carried
out with these people required more short sub-questions they could answer easily.
Also, illustration and exemplification were asked to make them comfortable. For
instance, questions related to spatial usage of the space were asked in walk-through

sessions supported with storytelling.

Interviews were planned for about 45 minutes long and this was declared to the
interviewees. The interviews took about one hour and interviewees were comfortable

with the timing. Interviewees were willing to contribute independently of time. One
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of the interviews took 3 hours in total, consisting of two different sessions since the

interviewee had things to share.

3.3  Data Analysis

After data collection with the semi-structured interviews were completed, | started
to analyze the gathered data. There were six main steps while conducting the data
analysis (Figure 3.2). First of all, | started the verbatim transcription of the
interviews to make an extensive overview of the data. After that, using the template
analysis method, a thematic analysis of the data was performed. At the beginning of
the process of template analysis, the initial template was constructed. Then, using
the codes that were defined in the initial template, novel codes were derived from
the transcripts. This first cycle of coding revealed new codes to revise the template.
After the second and the third cycle, codes were redefined iteratively. Thus, it was
possible to organize relevant themes to extract the analysis outline. Lastly, quotations
that support the codes in the analysis outline were translated into English (King
2004).

'd Y 'd
Transcription of the o
leriow-Dals ]—»[ Initial Template H
4
Translating the Creatm.g the_Analws Revising the
Ouotations Qutline with the Template
Selected Themes

Figure 3.2 Data Analysis Process

Coding the
Transcripts
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3.3.1 Transcribing the Interview Data

Transcription of the data from audio to written text is a difficult process. In order to
improve the process, different methodologies were used throughout this
phase. While transcribing the data, the voice typing tool of the Google Documents
was used. After that, editing of the texts was done and mistyped words were
corrected. Since the program uses its data source to make an inference, Google
Documents was not successful enough. Overcoming this issue, there are different
online tools specialized in voice typing. Speechnote is one of them and it gives more
accurate wordings with less effort in editing. In order to make transcriptions faster,
there is a need for using audio control programs. | used my phone with headphones
to listen to recordings and my laptop to use voice typing. Play/pause control and fast
rewind/forward is easier on the phone without switching between tabs.

While making transcriptions, | paid attention to write all the things in the records
without interpretation. Also, interviewees’ pauses, gestures, and reactions were

noted. While transcribing the data these notes were used to remember the context.

3.3.2 Template Analysis Method

In the template analysis method, templates are used to organize themes and analyze
the data. The distinctive feature of template analysis is that researchers generate a
list of codes that represent themes in the transcribed data. These primary codes
become the initial template for the analysis. Then, researchers revise this template
after reading and interpreting the transcripts. Codes in template analysis are in
hierarchical order, which means related codes are grouped under a main theme which
is the high-order code (King, 2004).

Data analysis techniques remain in between openness and the structured processes.
While openness causes us to deal with chaotic and irrelevant data, structure restrains

the researchers. The template analysis method introduces a balanced analysis
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process. Since template analysis provides a starting point for coding the entire
transcripts, it makes the process of data analysis easy and quick. Also, with the
flexibility of the method, researchers can change the groups and hierarchical orders

of codes in templates with more iterations (King, 2004).

3.3.2.1  Creating Initial Template

Initial templates are prepared to analyze the transcribed data with predefined codes.
It is important to determine the extent of the initial template since too many
predefined codes mislead the analysis. On the other hand, too few predefined codes
may cause the researcher to get lost in the data. As a starting point for the initial
template, interview questions can be a guideline. While main sets of questions can
be used to define high-order codes, sub-questions can be used to define low-order
codes (King, 2004). In this research, high order codes are generated through main
questions and defined subgroups. While there are five main sets of questions, nine

high-order codes were defined. These codes are given as follow:

Attendance to the community

Organizational structure

Team dynamics

Learning practices

Collaborative working through the design process
Makerspace as a collaboration provider

Maker community

Comparison of makerspaces with business-oriented workspaces

© o N o gk~ wDh -

Effect of maker culture into work-life

Since transcription processes enable getting familiar with the data, low-order codes

are determined from these readings and the notes taken during interviews.
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3.3.2.2  Coding the Transcripts

Coding was carried out manually using the hard copies of the transcribed data. In
order to start the coding process, transcribed interviews were printed to work
practically on paper. Layouts of the transcripts were arranged to have space between
rows and both sides of the page. To follow the codes easily, rows were given
numbers. Before starting the coding, the initial template with the hierarchical order
was prepared too. King (2004) emphasizes the differentiating aspects of the coding
process in template analysis as hierarchical coding and parallel coding. In
hierarchical coding, researchers create codes in a structured order. While high-order
codes enable researchers to gain general insight about the interviews, low-order
codes provide detailed inferences from the transcript. Also, in template analysis,
parallel coding could be carried out by giving two or more codes for the same
segment. Through the coding process, both predefined codes in the initial template
were used and new codes were defined along with each statement. Some of the codes
given in the initial template were not encountered in the transcribed data. Therefore,
these codes were removed, and new codes derived from the analysis were added to
revised templates. Coding examples applied to transcribed data are given in

Appendix D.

3.3.2.3  Revising the Template

It is possible to revise the template with the provided flexibility of the template
analysis method. Alterations that can be applied while revising the initial templates
are given as insertion and deletion, changing scope, and changing high-order
classifications. These modifications could be applied to the initial template in case
of revealed insufficiency (King, 2004).

Insertion and Deletion: Codes defined in the initial template may be
removed since there is no valuable argument while constructing the template.

Also, it is possible to define new codes that are not available in the initial
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template. Therefore, while revising the template, researchers can both insert

new codes or delete unnecessary ones.

Changing Scope: Codes that are defined as low-order codes may change
their scope through the revising process. When a code becomes prominent,

researchers revise its hierarchical order to address its importance.

Changing Higher-Order Classification: Codes that are located under a
higher-order code could be shifted to another higher-order code through the

revising process.

Revised templates orient the researchers to construct the final template of the
research analysis (King, 2004). Layouts of the template analysis method with
iterations are given in Appendix E. Main themes and supporting low-order codes in
a hierarchical order constitute the analysis section of the study.

3.3.3 Translating the Quotations

All the interviewees who participated in the study were Turkish. Therefore,
interviews were conducted in Turkish since both participants and researcher are
fluent. After the analysis is done, selected quotations that support the analysis
arguments are translated into English. While translating, the use of correct words and
understandability is considered. Also, the names given in the quotations were

anonymized.
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CHAPTER 4

RESULTS

In the previous chapter, the methodology used in data collection and the approach
used through analysis is explained in detail. This chapter emphasizes the analysis of
the gathered data from interviews conducted with the participants who are both
members and facilitators of the space. First of all, the involvement process of the
makers to the community is described in order to understand the personalities,
expectations, and organizational effort to enlarge the community. Secondly,
collaboration characteristic in the makerspaces is analyzed considering
organizational, spatial and social aspects of collaboration. Lastly, the drivers of the
collaboration are analyzed through a comparative approach among differentiating
structures of goal-driven and place-driven makerspaces. In addition to these
differences in drivers, participants’ previous experiences are also compared with
their experiences in makerspaces to reveal dynamics of collaboration through the
previous experiences of the participants.

4.1 Involving a Collaborative Community: Makerspaces

Makers are individuals who are participating in making activities. Making activities
in this context can vary from knitting to making skateboards. Although these
activities are carried out individually, | approach the makerspaces from a
collaborative frame. Makerspaces are open working places for people who have the
eagerness to make. To understand the collaboration environment in makerspaces, it

is required to understand their motivation while attending these environments.

Maker activities mentioned in interviews mostly start with personal interests as
defined hobbies. These individuals use their own production facilities to make

products as individual makers. While one of them is interested in resin molding of
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flowers, another one produces electronic boards in their personal space. In order to
lead this movement to a collaborative frame, there is a need for initiatives that spread
this culture. Makerspaces investigated through this study are located in the
universities or independent social enterprises in local areas. While they are mostly
used by students, other stakeholders of the university and local people participate in
the area too. Since the desire to produce does not belong to a demographic portion,
it is measured with the characteristics which define makers. As makerspaces are
presenting an open-to-use area, the involvement of the makers in the area depends
on both participants' characters and the makerspace facilitators' approach. Through
analysis, most of the interviewees emphasize their previous experiences and their
interest in being involved in production. Also, from the perspective of makerspace
facilitators, they state that they make an effort to enlarge the community.
Participating in the space has become appealing with the encouraging environment

that makerspace facilitators are trying to build.

41.1 Productive Characters

Makerspaces are new working areas that inspire production with their facilities and
environment that spreads maker culture. Participants of the research are mainly from
engineering, design, architecture fields. Their involvement in makerspace is
analyzed through their previous making activities and meeting process with the
space. In the following section, it will be explained how the diversity of makers’
interest areas affect the formation of collaborative spaces. Also, it is mentioned their

search for a space to carry out their production activities.

4111 Multifaceted Interest Areas

Participants of the research can be identified as people who seek different fields to
improve themselves. Their seeking for improving themselves is not focused on a

specific area. Both in their professional education or their interest areas explain their
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curiosity. Although they have expertise in a field, their effort to diversify their career
can be observed clearly. Some of the interviewees who continue their education are
having minor programs in universities. Among the students, there is an obvious
transition between the fields of engineering, management, design, and architecture.
While one of the participants studies mechanical engineering, he is also trying to
learn management. For example, an industrial designer completed a minor program
in architecture. Apart from their education, their personal interest areas lead them to
explore new fields. For example, having an interest in making sound systems guide
one of the mechanical engineer participants to electrical and electronics fields. These
transitions make the interaction among makers possible to reach knowledge. This
exploration enables them to collaborate with people from different fields of
expertise. Makerspaces are good instances of common ground which enhance the

collaboration of various disciplines.

Most of the interviewees have backgrounds that involve various attempts to widen
their knowledge area. When they move to a new place or get into a university, they
seek a place to carry out their productive activities. One of the participants of the

study points out his search for a new area to make:

| was involved in projects related to robotics, mechanics, and design since
my high school, even secondary school years. When | first entered the
university, | found myself on a quest. Participant 8, Member, Mechanical
Engineering
While they were intended to maintain individual-making activities in their early
occupations, it became a search for a community that had similar perspectives.
Individuals who are situated in various areas tend to find a place that gathers diversity
together. They look for alternative paths to improve themselves. A collaborative
environment in the makerspace is seen as a supporting mechanism for the people

who go after their multifaceted productivity.

Regarding their search for a collaborative environment, it is seen that the diversified

field of interest in space comes true with multifaceted personalities. One of the
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interviewees defines being a maker as doing studies in many areas rather than

focusing on a field.

My thesis study is on communication, but if you ask what you are doing, for
now, | am doing studies on software. Also, machine learning and deep
learning. Actually, being a maker requires this. You should do studies in
many fields rather than just one field. Participant 5, Employee, Electrical
and Electronics Engineering

While makers have multifaceted interest areas, there is a dynamic relationship
between these fields in makers’ thoughts. These varying areas are gathered up
together with the creative vision. Having connected with people who have different
expertise initiates their creativity to form interdisciplinary relations. One of the
interviewees is explaining how the bridge is formed between different areas with a

creative perspective.

While | am a fan of yoga and art at the same time | think over and read
something about data sciences too. | would study coding. While doing some
knitting, at a moment | ask myself how can | bring knitting and wearable
technology together? Participant 7, Manager, Industrial Design

It is seen that makerspaces form an interdisciplinary environment with the makers
who are willing to perform their creative activities while benefiting from various
fields. Their motivation to involve a space that enables production brings productive
personalities together. Diversity in personal interest enables them to integrate their
individual perspectives. Therefore, multifaceted makers maintain their diversity by
establishing creative collaboration.

4.1.1.2  Productive Environment Seeking

Makerspaces as a new form of workplace centralizes the production differently from
the other working environments. Having a fabricated or handcrafted product is an
important motivation for a maker. Therefore, their involvement process in a

makerspace depends on the facilities and the environment which enable production.
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Productivity in the space has an influence on developments in both personal and

social perspectives.

Interviewees who attend makerspaces for personal improvement are relating
makerspace with education or hobby areas. Considering the educational
improvement, one of the interviewees from industrial design describes his
involvement aiming to meet her prototyping needs for school projects. Another
interviewee thinks that Case 2 is a preparation for her future career path, the
biomedical design field, in a practical way. Besides, some of the participants
describe their motivation as being willing to be included in a productive
environment. Supporting this idea, one of the interviewees makes a comparison
while explaining her involvement in the area. The interviewee emphasizes the

deficiency of start-ups while transforming their ideas into a product.

It was like this. | worked with startups a lot. They are bringing their jobs to a
point and then before coming onto the market, the project makes a fall. There
is a downfall at that point. As a designer who is accustomed to produce and
see the production, it becomes an unpleasant situation. And I said to myself,
| should be in a place where production happens otherwise | cannot.
Participant 7, Manager, Industrial Design

As stated in the above quotation, being included in production is a strong motivation.
Makerspaces enable their members to experience making while converting their
ideas into tangible means. Their background that includes making guide them to
involve in a productive space. Listed motivations to use the area have similarities

while positioning makerspace as a facility that enables the practice of making.

The product that the maker establishes a relationship with is describing his passion
while involving a makerspace. Some of the interviewees share their trials of
production before joining the community. There are various products that they have
already produced such as resin necklaces or baby dolls. One of the interviewees tells
about his first days in the university. He has an interest in making electronic boards
in high school, and to continue his activities in the university, he is looking for an

area. These items create a means to communicate and demonstrate his intent.
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When | was coming to space, there was a project in my mind. Most of the
people who attend here have their projects in their minds. I ask whether I can
use the area or not. | was always carrying my printed circuit boards with
myself. There was a problem with the PCB, and | was looking for a laboratory
to work. Participant 8, Member, Mechanical Engineering

As the interviewee stated above, participants of the space already have their projects
to carry out. Using the products that they have created, participants meet with the
space and show their motivation and expectation to the facilitators. They show that
their individual productivity needs a space that facilitates their needs. Also,
makerspace is an environment that creates means to communicate with outer space
too. A physical product created by a maker becomes a promotion tool when they
interact with somebody who tends to produce. One of the interviewees point out the

reflections of the products in the social environment as an interaction enabler:

We see the reflections outside of the makerspace. For example, one of his/her
friends shows the product which he/she produces in the makerspace. After
that, that person comes to the makerspace to ask whether he/she can produce
the same product too. They ask whether there will be a second workshop or
not. They are talking with each other outside. We do not have comprehensive
knowledge about the conversations, but we see the reflections here.
Participant 7, Manager, Industrial Design

It is seen that the social environment which the makerspace represents is appealing
for the people who prioritize having a social identity. Means produced by the makers
create an interaction outside of the makerspace but this interaction leads to
motivation to involve that social group. From this point of view, the curiosity of
making can be related to social concerns too. Knowing that the social environment
makerspace provides, it is also valued to create social impact benefitting from the
maker culture. For example, using the 3D fabrication tools, makers contribute for
children who have prostheses. Moreover, it is possible to create an open library for
local people using woodworking tools. Makerspaces use these facilities to have an
impact on the social environment with the help of community members. One of the

participants illustrates his initiative as a social benefit-oriented maker community.
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The 3D printer has incredible repair power. For example, you have a 1980
Mustang, you cannot find a part, but you can repair it with a 3D printer. Can
we set up something like a repairer's club where a 3D printer is also
integrated? Later, when | got involved in the subject, we started thinking
about what we can do together. We try to bring 3D printer technology to the
streets and decide to repair the streets by beautifying them, that's how we
started. Participant 10, Founder, Mechanical Engineering

Knowing the capabilities of recently developed fabrication tools, awareness of the
ability to produce expands. While 3D printing can be used for personal needs, using
it as a production tool for a social benefit makes the participants a part of the social
community. Empowered use of the maker facilities in the context of social benefit

becomes a motivation to involve makerspaces.

Makers are in search of a productive environment to carry out their individual
projects and to attend social benefit aimed projects. These aims bring makers to a
common ground where productivity is prioritized. The motivation of creating
tangible means shows that participants of the area have the eagerness to maintain
their individual making activities. Their intended use can be described as facility
usage and have effects on the surrounding since the means they create become a
motivator. For some of the makers, the act of making has more social power than
personal use or satisfaction. It is noted that having a social effect on productive
actions motivates them to attend to the community too.

4.1.2 Inviting Members by Encouraging them to Use Area

Apart from the maker personality, makerspace organizations and their culture invite
individuals who have an eagerness to make. Makerspace organization is governed
by a group of people who maintain the activities held on. Makerspace facilitators in
this research describe themselves as familiar to the maker community with their high
attendance to previous maker activities in Turkey. They usually have previous
community experiences in different organizations or they are familiar with the maker

network in Turkey. Relations among space-makers and participants of the space are
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crucial to run a community. Therefore, the management of the organizations is
exhibited by space-makers from a sustainable and collective perspective. While they
are inviting to space, they emphasize both the production facilities presented and the
support for practicing. Also, it is emphasized by the interviewees, makerspace
facilitators give value to their ideas. Adaptation processes of the new makers are
accelerated by giving them opportunities to get roles in the community. It is essential

for the sustainability of makerspace organizations.

Participants who need specific production facilities while doing their projects
explain their involvement by their deficiency of tools or space to produce. While
some of them use the area to use 3d printers, others use the space as a place to
sandpaper or spray paint. Therefore, the facilities makerspaces provide are important
to make the space in demand by the makers and possible entrepreneurs who incubate

their ideas.

It is also very important for the entrepreneur to prototype. At least it did
something tangible. Or for you to attract good entrepreneurs, you should say
what types of opportunities you have. Participant 7, Manager, Industrial
Design
Makerspaces supports initiatives that come up with an end product using the
provided production facilities. In makerspaces, with the equipped production
facilities, prototyping is the dominant design phase. The prototyping phase consists
of generating mockups as much as possible to reach an advanced product. Makers
have the opportunity to realize their ideas with the rapid production facilities without
beware of making mistakes. Therefore, makers are supported by the community to

have trials and errors.

We want them to see the space as a trial court, and cooperate there. 1 am
remarking that and nobody is refusing this so far. It is so important to tell that
person, you are not expected to do magnificent work. Participant 7,
Manager, Industrial Design

There is the idea of learning from the beginning. Whether someone does not know

anything or is inexperienced, makerspace provides a supportive environment that
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cares about your development within the community. Apart from leading
countenance to prototype in the environment, most of the interviewees find that there
IS a supportive environment for their ideas too. Makers are encouraged to share their
ideas without any prejudice. It is arising from the understanding that everybody

contributes to the community with his creative perspective.

You come first, you are looking. Can | do anything here? You say, will they
let me? But when you come in, that group behaves so sincerely. They value
your project. They look at your project as an idea. They don't say this is
ridiculous. You feel comfortable and they allow you to be more productive.
Participant 8, Member, Mechanical Engineering

The involvement process is enhanced with the opportunity given to the new makers.

Motivating them to meet the experience of making leads them to join the same set

of creative perspectives.

In general, we explain the works to the students in the workshops. For
example, we will glue this to the wall; we explain how to glue it, clean the
surface before glueing, what kind of glue we use. Then we say, let's do it! In
these modules, giving people these experiences is the thing. Once we go out
and look at the public sphere from a different perspective and photograph the
points that can be nice for us, we say let's design and produce it if you have
an idea. This is actually the biggest interest. Creating this kind of experience
is the main thing. After adding that experience, they realize that they are
looking at the street differently. Participant 10, Founder, Mechanical
Engineering

As illustrated in the above discussion, makerspaces enable flexible use centralizing
the creative production and give support makers to embrace them. Through giving
space to newcomers their involvement in the culture is accelerated. This supportive
environment enhances the diverse ideas and profiles to improve the collaborative
environment. In the following section, collaboration characteristics in makerspaces
will be analyzed with the light of makers’ productive characters and the encouraging

space elements.
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41.3 Chain of Involvement

While participants of the makerspaces meet with the community, there is a chain of
events that makes them integrated into the space gradually. It is a process in which a
member who wonders about the community becomes a space-maker who carries out
organizational tasks. On the other hand, founders of the research cases also follow a
different process while having this role. Since some of the participants are already
founders of the maker community, their involvement is initiated with the creative
communities that they are in contact with. Their involvement starts with their effort
in other making related creative activities like workshops, meetings, or fairs. One of
the interviewees, the founder of Case 4, shares how he decided to found the

community:

| realized that things including terms learning, teaching, and making are
related to me. I said | had to find a profession like this. I didn't even know the
meaning of the word “maker”. I came across the word “maker” after
attending an entrepreneurship training. Eric, who is the founder of [a
coworking space], came on the third day of entrepreneurship training and
introduced himself and [a coworking space]. He introduced it as a maker
community, of course. | liked it when | saw him. | said | should come up
through the ranks. 1 was working in [a coworking space] before | founded
Case 4. | realized that there was a serious deficiency in practicing maker
culture. I decided that this community should be established. Participant 9,
Founder, Mechanical Engineering

As stated in the above example, there is a process that starts with the effort of the
interviewee being in the creative activities. It provides the environment to meet and
understand the field that he wants to be included in. Similarly, the community
manager of Case 1 also follows a chain of events that make her correlated with the
maker communities. She mentions below how her experiences converge her to the
field:

As a designer like me, who is used to producing and seeing production from
the beginning, I said | would go somewhere that was production or I wouldn't
be able to. I am more interested in technology. Also, | love the training fields
and | was creating my own content for workshops. I'm probably one of the
most active people in a lot of workshops for about 10 years. In fact, | am a
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person who produces and conducts their content by myself in the last 6 years
of this. At that time, | was working at the [a makerspace]. Also, | was giving
training on these coworking spaces that are increasing especially in certain
areas. Actually, that's how I first met the former manager of Case 1 at the
Maker meeting. We had a close friendship. Then I started producing external
content for them, holding workshops there. After that, | joined the community
as a manager. Participant 7, Manager, Industrial Design

Since she has abilities in the field of education and an interest in technology, she
becomes close with the maker community. It is also seen how people in the creative
fields are close to each other with the events, meetings, and workshops. While space-
makers experience a process to involve in a maker community, they also prepare the
environment for the members inclined to make. When the process they follow is
examined, it is seen that there are different stages experienced. While some of the
makers take initiatives with a sense of responsibility, some of them are guided by the
space-makers to get a role in the community. One of the interviewees explain the

stages she experienced while she got involved in the community:

Getting to know the project I said | wanted to volunteer. After that, there were
coordination problems and | felt bad after being delayed for a bit. Then, |
took more responsibility. When [two members of the makerspace] saw that |
couldn't get support from volunteers, in this case, they gave great support to
me. We have been spending too much time together during the project phase
and in this way, | met them closely. | adapted more, my motivation increased,
| said that | wanted to participate in more cases. When they saw that my
motivation was high, they said that if you want to participate in more cases,
can you help us in the coordination team, so | started to participate a little
more actively in this way in the community. Participant 3, Member, Business
Management

It is seen that she follows the stages; feeling responsible, putting more effort, having

support from the space-makers, increased motivation, and getting a role in the
community. This process is more started with individual effort and Participant 3
gained acceptance within the community. Common goals digested by community
members ease their involvement process. Also, some interviewees state that
members are involved in the organization by the guidance of the other space-makers.
It also depends on the individual effort of the members.
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Let's say you are attending one event, Design thinking or 3D Design
Training. If you are interested, you want to continue and attend all the other
training sessions. Then, we observe and give small tasks to you. You will
organize a workshop, and I will help you with the content of the workshop.
First, you will show me your draft, then we will talk about it together. Then,
we act as if we are holding a workshop. We want to make them integrated
into the task to see their possible contribution. Participant 6, Employee,
Mechanical Engineering

As stated above, it becomes more of a recruitment process that tests the members
who have active participation. This kind of involvement is more seen in Case 1 since
students in the university work as part-time employees. Their involvement in the
space-makers has a direct relation with their curiosity to make and their contribution
to the community. Since makerspaces carry out their activities with both facilitators
and participants of the organization, it is important to make the community

sustainable in terms of its members.

4.2  Organizational Dimensions of Collaboration in Makerspaces

In order to understand the collaboration in makerspaces, it is also important to
understand the organizational dynamics. Participants of the makerspaces act in an
organizational structure, and this structure affects the collaborative action here. Since
collective use of the space is studied in this research, members of the area gather
together within teams. While space-makers work as a team to conduct activities,
participants of the makerspaces also carry out projects together. Therefore, it is
necessary to analyze the team dynamics. Besides, there is a process of decision-
making where the individuals interact through the projects. That stage of the project
shows the hierarchical structure and decision mechanism in the organization. Also,
these environments provide an educational facility using its particular tools and

mindset. It is also analyzed how learning occurs in the makerspace context.
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4.2.1 Team Dynamics in Makerspaces

A collaborative environment depends on team dynamics when the people come
together for a common goal. While there are projects carried out in teams, there are
also workshops or one-to-one interactions in which collaboration can be observed.
In makerspaces, the team differs considering its role-sharing motivations, diversity
in expertise, and discipline concept. Collaborative attitude in the team is mostly

related to the maker characteristics and the culture defined in the previous section.

4211  Leaning Oriented Role Sharing

Team forming is a process that includes various aspects considering both expertise
and motivations. Although makers have different expertise, projects they are
involved in do not ask for a prerequisite. It is stated that necessary knowledge can be
gained through lessons and trials. While maker communities run a project, teams are
formed with the member’s motivations rather than the allocation of tasks. Also,
projects or workshops carried out in the makerspaces are sometimes announced by
making open calls over social media or printed posters. Therefore, makers’
attendance depends on their interest in that specific topic. Since projects conducted
in makerspace are voluntary-oriented, their participation in the projects depends

mostly on their leanings.

Makerspaces have a diverse range of participants from university students,
academicians, and local people. These subgroups are seen under the same roof that
represent a community that has the eagerness to learn. Since they are actively
participating in the production practices, their inclination to explore new interest

fields becomes possible with the maker environments.

Participants of the makerspaces are usually university students who tend to improve
themselves in different fields apart from their education area. For example,

Participant 10 (Founder, Mechanical Engineering) mention the divergence of
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members from architecture, interior design, and architecture field and they want to
enlarge their knowledge area in makerspaces. While there are different work
definitions in the area, a variety of tasks are seen as an opportunity by makers. While
different tasks require different expertise, shifting among them is a smooth activity
with their desire of making trials. One of the interviewees illustrates his role taking

as below:

In fact, we are divided into groups; some are in contact with the families of
the children since the prosthesis hand we will produce needs to be measured;
some go to take measurements, there is a printing process... I've been in all
of them so far. Actually, there are no very strict rules in this work. | worked
in all of our groups. Participant 4, Member, Mechanical Engineering

Since makerspaces carry out projects related to technology, design, art, science
fields, there is a common judgment that maker profiles should correspond with that.
However, people from different professional areas may have interests and expertise
in these topics. As an unexpected story, one of the makerspace users shared its

observation:

For example, a lawyer was attending the project. People from very irrelevant
professions also came and gathered together quite a lot. Architects know the
design part of the job, but the lawyer guided us in production surprisingly. It
is very nice that different disciplines come together and produce. Participant
10, Founder, Mechanical Engineering

Leaning on the production makes even a lawyer an expert in such a case. Change in
their position in the team reveals that their interest takes precedence over their
disciplines. Since the leaning of the makers is an important factor while forming
teams, it is possible to form teams in the blurred areas where the junction of
professions is observed. Their leanings initiate their interaction while they discover

the blurred area.
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4.2.1.2  Diversity in Disciplines

Makerspaces consist of people who are from diverse sets of disciplines with their
motivation to make. Throughout the research, there were participants mostly from
industrial design, mechanical engineering, electrical and electronics engineering, and
administration fields. Also, these participants share their observations related to the
diverse environment in the space. Different perspectives in the makerspace are
welcomed by the makers since they interpret the interdisciplinary environment as an

opportunity.

We were already working with different people from different fields at Case
2. Since technical competencies were provided in training, we did not have
much trouble in that area. We had friends from sociology because it was a
volunteer project. We had volunteers from business and engineering; we had
volunteers from design. Throughout the process, we were working with
people from many different fields. We work in this way all the time; it is
actually fun for me. Because you can learn about different perspectives,
additional information, you can complete the missing places. Therefore, it
can be nice to work with people from various fields. Participant 2, Member,
Industrial Design Engineering

It is also emphasized by the interviewees that knowledge required is gained through
workshops that ease the involvement of diverse disciplines in the area. While
participants value diversity in the space, it is supported in the organization by
interrelating these fields. The environment is defined by the makerspace facilitators
as independent from engineering and design. It is also expressed that this diversity

shows some extremes too:

We are actually trying to introduce them by saying, "There are people who
come not from engineering or design faculties, but from psychology, which
does not look very familiar like your discipline; there are also people from
gastronomy.” There are also, for example, class differences. There may be
differences in recognizing us; there may be differences in abilities. We
always try to see it as something positive. Participant 7, Manager, Industrial
Design

Although fields like psychology and gastronomy do not seem directly related to

productive maker activities, the creative perspective of makerspaces enables
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collaboration with these areas. Interviewees emphasized that the space is open to use
by individuals from different disciplinary backgrounds. The binding element in the
community is the knowledge that makers share. Makerspaces make calls for their
activities such as training or a project. One of the interviewees stated that:

There are many fields, even students from law faculty can apply. Even
students of business and economics faculties can apply. In other words, this
is entirely dependent on the person's wishes; we do not make any restrictions
on disciplines. We made an outreach about Arduino 101 training, which is
related to the general definition of Arduino. We do not make any distinction
here. We say that anyone who wants to learn can come. We received many
applications from the faculty of law to the academicians there; even the
academician wants to learn this, so we gave them training. Participant 5,
Employee, Electrical and Electronics Engineering

To sum up, the diversity of makerspaces are not limited to the engineering or design
faculties, many different disciplines relate their expertise with the making in a
creative way. Also, some people become concerned about other fields due to their

personal interests not because of their discipline.

4.2.1.3 Non-Disciplinarity

As discussed in the previous section, makerspaces include various disciplines.
However, the emergence of the disciplinary concept in makerspaces should be
investigated separately considering the experienced disciplinarity by interviewees.
Participants of the research mostly emphasize that rather than disciplinary
differences, they interpret the collaboration in the makerspace as a non-disciplinary
working environment. While there is no strong perception of the disciplines, there is
an effort to elevate the notion of creative making without the concept of discipline.
One of the important aspects of non-disciplinarity in makerspaces is the precedence

of eagerness to produce over disciplines. One of the interviewees’ remarks that:

In general, there is no requirement to participate in our project. You may not
be a designer; you may be doing another job. The important thing is to want
to produce together, to love to produce together. Participant 10, Founder,
Mechanical Engineering
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While discipline is not an identifier to be able to make, interviewees draw attention
to how disciplinary identities weaken in the community. Motivations of the members
become the main prerequisite to involve in projects. One of the interviewees share

her opinion about one of the makers in the community as follows:

Inside Case 1, there is Participant 7 as the general manager, not the founder.
She’s an industrial designer, so it's easy for us to get along. Apart from that,
there is Participant 6. He is also an engineer; | don't remember what engineer
he was. Participant 12, Part-Time Employee, Industrial Design

Through the same interview, the same person is introduced as both a mechanical
engineer and an electrical and electronics engineer. It shows that even there is a
strong environment of sharing, it is happening without questioning disciplines. Their
disciplines become unperceivable over their activities in the space. Therefore,

collaboration is achieved by focusing on the shared knowledge and interest.

Since collaboration in makerspaces is defined as independent from disciplinary
areas, it also emphasized that new frameworks are created while combining extreme
disciplinary edges. One of the interviewees from the makerspace organizations
mentions how they prioritize enabling that integration. Gastronomy students find a

chance to use 3d printers as a mold for desserts after meeting with the makerspace.

Yes, we take a discipline, but this discipline doesn't have to be something
that completely limits our lives. What we blend it with is very important in
this world. We have to think about this; we have to think about it a little bit.
The gastronomy student also says | don't know how to do it or combine my
discipline with 3d printers. Participant 7, Manager, Industrial Design

There are also methodologies improved to enhance the integration of disciplines to
create a collaborative environment that inspires transformed products. One of the
interviewees explains her methods used in the area to illustrate how they form that
relationship. Makers are asked to write their professional areas and interests on the
board and they draw circles randomly. Intersection sets are combinations of the

maker's expertise and interest, and these intersections become interaction points for
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them. In these regions, disciplines are transformed into a new framework with an

interactive environment.

For example, a very interesting project came out between a coding student
and a student who knows sailing. They discussed why there is no product
design about sailing or why the sail figure cannot be the main ingredient of a
game design? For example, one of them has a perfect knowledge of sailing.
The other is also interested in coding. A business idea where two of them
meet can even come up. Participant 7, Manager, Industrial Design

Although makerspaces show a diversity of expertise in the space, there is a strong
emphasis on the motivation to learn and produce apart from the discipline concept.
Rather than defining these people as belonging to a discipline, they appear with their
independent knowledge set and willingness. This aim helps the team to collaborate

without any prejudice and superiority.

Although there is an emphasis on learning and practicing new fields of applications,
there are some projects that require the contribution of experts who had the education
of that specific discipline. Members of the makerspaces value their opinions as

presented in the below quotation.

In more difficult cases, we have a doctor and physiotherapist friends. They
were usually consulted. Would it be possible if we produce such a hand? For
example, maybe the kid has 2 fingers. He's already doing his job with them.
Making a hand will perhaps make their fingers weak. Maybe it will be worse
for him. Would it be useful to do it or not? Will it wear out there after a while?
For example, some people had wounds around their arms, we consult with
doctors or a physiotherapist friend in order not to cause harm. Of course,
doctors or physiotherapists know better than us. Participant 1, Member,
Electrical and Electronics Engineer

While there is a diverse population from various disciplines, their leanings override
their disciplinary perspectives apart from some tasks that require expertise.
Therefore, non-disciplinary collaboration is achieved in the makerspaces with the
non-classified makers. Since leaning of makers leads them to involve blurred areas,
collaborative learning becomes important in these regions. In the following section,

learning practices will be explained in detail.
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4.2.2 Collaborative Decision Making

As the projects carried out in the makerspaces require various fields, it is inevitable
to have decision moments. The majority of the participants emphasize that there is a
decision process without any conflicts among members. Disciplinary borders are not
strict and makers are giving value to new ideas. While there is no certain definition
of disciplines, experienced people in the area also become significant decision-

makers.

One of the participants mentions that there is a positive attitude towards new ideas
in his early attendance to the community. It is outstanding that makers who know

about a topic become a consultee even if he is new in the community.

| came there as a first-grader, even as a preparation school student. Normally,
| appear like an inexperienced person, and people don't ask too many
questions to such a person. Unlikely, | was asked tough questions in Case 1.
For example, my opinion was taken while doing a project. It was nice to get
my idea on that amphitheater project, for instance. It might not have been.
There is excellent coordination within the group. This is reflected in you as
well, and you are involved in the project in some way. When | said a problem,
that problem was taken into account. When | say we have such a deficiency,
they provide it directly. |1 don't remember any of my ideas being considered
worthless. Even if it will not be realized, it has listened in the group.
Participant 8, Member, Mechanical Engineering

Also, there are outstanding effects of experienced makers on the decision process.
Makerspace facilitators who have various expertise guide the makers along the
design process. Decisions are more controlled by them with the compliance of the

makers.

It is most likely discussed whether the model is suitable for CNC or which
machine can be used for it. Also, since it will be a thick solid body, we do
not cut it in the laser machine because it will be more than 2 centimeters. We
directed it to the CNC once. If he doesn't have any knowledge about wood or
doesn’t know which device can be used, we guide him. For example, | would
be giving information there; you would probably be better off machining that
wood in CNC. You can have these sandpapers to polish it, and we can get the
desired texture you want. Participant 7, Manager, Industrial Design
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This compliance is more related to expert opinions but there is also a hierarchical
structure arising from the experience in the community. Since the organizations are
not defined with a strict structure, there is a transition between two main subgroups,
newcomers and active participants. Most of the participants reveal that there is a core
team that is formed naturally with active participation and taking responsibility. One

of the interviewees confirm that idea as follow:

Our friend [the community manager of Case 2] is officially the coordinator

in Ankara. But [the community manager of Case 2 is not the kind of person

who has the responsibility and bosses around; she was never a bossy person.

We generally made decisions with our active colleagues. Over time, this

turned into a team. Let me say after a while; we turned into a coordination

team. | should say that volunteers who come frequently got to know each

other and formed a round table. Decisions started to be made in this way. We

speak as a team and discuss. Participant 2, Member, Industrial Design
Engineering

As described above it is seen that experienced people have more say in the

community and it is taken normally without any hierarchical concern. There is an

open environment to discuss and make decisions. Both newcomers and active

participants are encouraged to share when they know something that contributes to

the decision environment.

4.2.3 Collaborative Learning Practices

Makerspaces as a new collaborative framework are generating a distinctive learning
practice. With the introduced tools, mindset, and methods, participants of the space
obtain the maker’s know-how. Makers in Case 2 define their learning process about
taking measurements, modelling, 3d printing, post-processing, and assembly. These
processes are taught over workshops focused on the prosthesis-making stages and
experienced through projects. Also, members of Case 2, mention the importance of
learning from peers too. In Case 1, there is a wide range of workshops covering
various fields. Learning through open source and peer learning is stated here.

Learning practices in the space are classified into four main headings as peer
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learning, workshops, open-source, and learning through tangible means. An
interactive learning environment is enabled with both social ties in the community

and physical facilities.

4231 Peer Learning

In the collaborative environment, participants find that learning from a peer is more
valuable and easily reachable. A collaborative environment in the field enhances the
sharing environment with diverse knowledge of makerspace users. One of the
interviewees states how learning from the peers in the space is possible with the

following quote:

Let me say this before | started Case 1; | was not that multidisciplinary. | was
doing things that I know more about. I didn't know that much about design.
Since Participant 7 is a designer, | can say that she has opened my horizons
in terms of design. Apart from that, | also progressed in my field. For
example, | am a mechanical engineer. But | also learned how to draw PCBs.
I moved a lot in the electrical and electronics field; | was curious in the past.
Still, for example, my teammate knows more about electrical and electronics,
and | learned a lot from him. Working in the community made me more
multidisciplinary. Participant 6, Employee, Mechanical Engineering
Makers are focused on the end product and the necessary knowledge to obtain the
product requires diverse disciplinary knowledge. With the help of a multidisciplinary
environment, it is possible to learn from peers. During workshops given in the
makerspaces, rather than asking to tutor, the person next to you becomes a
knowledge source. The social environment in the space supports the individuals to
interact with each other since the motivation to learn is a common feature of the
makers. It is also encouraged by the makerspace facilitators to establish dialogue in

subgroups.

When you cannot do it, if the trainer is busy, your friend next to him helps. |
did that, you can do that, for example. Participant 11, Member, Mechanical
Engineering
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As stated in the above example, learning from peers is preferred since it is a rapid
action to gather knowledge with social interaction. Besides quick response, the
experience of the peer is also found valuable too. Most of the participants emphasize
that gathering the knowledge from a person who has experienced that failure before

is more condensed information.

I'm making a mistake, but I can't directly ask open-source or find that error.
Maybe it takes me hours to find the error. But if | find someone who made
this mistake and asks, let’s say, Participant 6, I'm making a printer, the
printer's extruder is clogged, and | don't know how to fix it. Participant 6 is
coming. He says that's the problem, that's it. The question that I can solve in
2 hours can be solved in 5 seconds. It is best to ask people. Participant 8,
Member, Electrical and Electronics Engineering

The evidence presented above has shown that makerspace demonstrates an area to
get the necessary information with a social environment. Makers are open to sharing
their expertise and social closeness enables an assistive environment. Regarding that

makers experience similar paths, it is seen as valuable to share this know-how.

4.23.2  Workshops

Workshops are a common way of transforming knowledge or experience in a
practical way. Learning culture in the makerspaces is mostly related to products or
means to design that product. While one of the workshop topics is selected as stamp
making, another one aims to teach 3D modelling to design a product. In order to
bring in knowledge in the makerspace, it is preferred to practice it through
workshops. Workshops are facilitated by makerspace facilitators according to
demands in society and necessary skills in the space. While sometimes the learning
process is supported by experts from outside the community, it is observed that
workshops held in the space are created and improved with the inner dynamics of

the society too.

Our coordinator does not provide communication training; we have a
psychologist outside of our coordinator team and we take a particular lecture
for communication with children at the age of preschool. They give this
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training. Other pieces of training are given by the coordination teams to
volunteers; training in robotics, how to measure a hand, how to model it, etc.
It goes like this. Participant 3, Member, Business Management
Experts in the community share their knowledge in order to transform their
experiences into newcomers. Apart from that, makers who have specific interests
and knowledge are supported to share their know-how. With this sharing
environment, a sustainable learning environment within the community is achieved.
That process establishes the sustainability of the community's knowledge via its

inner dynamics.

Interviewees illustrate that the scope of the workshops requires multidisciplinarity
since different expertise are covered throughout the production process of workshop
subjects. Therefore makers who have specialized in an area become a knowledge
source. Gathering the knowledge is achieved through the interaction between makers
and the makers who have expertise. Roles of the space-makers are given in the

following quote with their different expertise that is transformed to other members.

For example, let's say, design needs to be done first; Lady Participant 7 comes
and tells the design process for 2 hours. She mentions the points that need
attention. After the design is finished, production will be started. For
example, there will be a printed model. Then, Participant 6 says that the
modelling is done as the following process. You can give the dimensions like
this. For a part in these dimensions, you should have at least that much
thickness to print it. After things are prepared, the rest is my part. What
equipment can be used in the following? What software works can we do?
Or what should we do on Arduino? Which Open Source library should we
use? What can you find on the internet? After giving the information, the
friends gather and start doing it. Participant 5, Employee, Electrical and
Electronics Engineering

Although workshops are events that are organized in detail, there is a more informal
process carried out besides. With the community relations between makerspaces, it
is possible to arrange workshops with the people out of the makerspace but involved
in maker culture. Maker network enables them to solve the problems they confronted

with the close relations One of the interviewees states that:
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For example, we have a training called "batterying"”. We have a friend named
Felix, who is not in any of our team, but a very supportive person, he gave
that training. The information we received from there explained what kind of
battery we should choose for which electronic device, and everything about
them. After that, we do our job, or we are stuck somewhere, we revisit Felix,
and he supports us in that regard. If there is anything about drones, there are
Arthur and Kevin; there are many people we visit. They complete our
shortcomings. Participant 9, Founder, Mechanical Engineering
Using both the inner experience of the makerspace and the maker community
relations, the learning process is supported with workshops. Makerspaces also
provide practical learning with their physical meeting space and prototyping
facilities considering the practicability while learning. The common environment
they use enables different disciplines to shift across their fields as given in the below

quotation:

There were more electrical and electronics engineers, but computer engineers
wanted to build the circuit. They write the code but want to learn how it works
electronically. Also, mechanical engineers attend too, they don't have any
knowledge related to the topic but they want to learn. In fact, they usually
come to this kind of training to learn something outside of their profession.
Participant 5, Employee, Electrical and Electronics Engineering

Since workshops held in the space are open to everyone, participants who have
questions in their minds can learn the practice of other disciplines. These workshops

become the promoter of their curiosity to enlarge their field of knowledge.

4233 Open Source

Makerspaces are centers that enable collaborative learning in a physical
environment. Although learning practice is usually observed as peer learning and
workshops in the makerspace environment, there are also online tools to improve the
learning practice. Open Source is the knowledge database formed collectively by
makers. It is possible to reach 3D modelling of a prosthesis or coding of smart

personal assistance via the internet. It is noted that Open Source is commonly used
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by participants while studying a project. One of the interviewees claims that Open

Source preferably is used to ensure accessibility to knowledge.

We pay attention that almost every project we do is Open Source. For
example, one of our projects, personal assistants, has a platform that takes
IFTTT as a baseline. It was an open-source platform for weather information.
We were generally following the data from the IFTTT Open Source code.
When it comes to design, there are open source design sites, Thingiverse, and
Grabcad. There are a lot of designs available to everyone. We get help from
there and tell the students that there are a lot of designs. You can look at them
and get inspired. Other than that, like Tcad. We use the program, and it is an
open-source program. If we have the chance to use Open Source in a project,
we use Open Source so that everyone can access it. Participant 6, Employee,
Mechanical Engineering

Aside from getting benefits from the open-source, it is encouraged to transform
experiences to the open-source too. While a person develops a project and shares the
knowledge set required on the Open source, He/she generates a guide for the maker
community too. The concept of knowledge transfer is enlarged with the online
environments which maker culture sustains. One of the interviewees shares his

thoughts relatedly:

For example, we made a product, a project. We gave training, let's say. After
one completes his training, he can upload and share on his own on the
Instructables page. Because there (in Instructables) a product is placed. It
includes information about the details of the product and its sources. He can
transfer all the details there since he learns them all. Participant 5, Employee,
Electrical and Electronics Engineering

One of the interviewees draws a different frame for the usage of open source. Since
open source requires searching capabilities to find a solution for the project, it may
take more effort to reach the necessary knowledge set. He emphasizes that the ease
of reaching the person who has faced similar problems during that project is practical

in comparison with open-source research.

For example, he had some difficulties; he always had resources. We are the
sources there. If we assume that the time allocated to the project is an hour
or so, it isn't easy to search for resources there. But considering that we have
done many projects before, we are open-source there, and we know what
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questions we will face since we have done this before. Participant 8,
Member, Electrical and Electronics Engineering

While the interviewee finds it difficult to gather data from open source, his
perspective on the knowledge created in the community supports the concept of
community knowledge in that specific maker society. The idea of community
knowledge is supported here as defining makerspace as a physical knowledge source.

4.2.3.4  Learning through Tangible Products

The learning process in the makerspace differs because of the means it uses. Since
the production facilities are more integrated into the environment, the learning
process is frequently carried out through tangible means. Participants of the research
explain their learning process as directly benefiting from the tangible workshop
prototypes. One of the makerspace facilitators identify the learning process as

follow:

He models, produces, designs, and turns it into a new product with the
education he learned. In this way, it becomes a product of his own, while at
the same time, he is learning this product. Participant 5, Employee, Electrical
and Electronics Engineering

Throughout the design process, required knowledge is experienced by the makers
over a product. One of the participants made a comparison of the workshops held in
makerspaces and the design ecosystem. While workshops follow up conceptual
design and basic prototyping in the design ecosystem, makerspaces take it a step
further with enabling the implementation with improved production.

We do things like training and workshops. We did urban hacking workshops.
We did one of them with [historical place in Istanbul]. There is a concept
called urban hacking; we put a flower pot or something else somewhere. We
wonder whether we can do these workshops. | have not seen such training in
the design ecosystem. They come to training; the concept is discussed, a
model is made, and stays there. This has an advantage for the student. But for
example, we thought that a workshop where they made the final product
would be more suitable for us and designed such a three-day module. We
went out on the evening of the first day. We took photos everywhere, and
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measures were taken. We went back to the workshop with incredible photos
and measurements. From the beginning of the second day, we were talking
about what kind of hacks we can do to the places we photographed in the
workshop area. There, the whole day is spent almost brainstorming and
thinking about design. Brainstorming was being done; there was a hole in a
wall, what can we put in there. Then we created sketches for this place. We
started making the digital model over the most liked sketches. The second
day ended with the completion of the digital model. Next week we produced
them. After producing, we went to the field together on the next weekend, on
Saturday or Sunday, and installed them in the places we thought of
hacking. Participant 10, Founder, Mechanical Engineering

The physical product which is obtained while trying something becomes a learning

material. Experiencing over a product eases the understanding process. Also,

creators of the products experience the output of their efforts.

4.3  Spatial Dimensions of Collaboration in Makerspaces

In order to understand the collaboration in makerspaces, it is also important to
understand the spatial aspects. Participants of the makerspaces act in a space with its
elements, and interaction between members and space affects the collaborative
action here. Since makerspaces provide a meeting area where members carry out
projects, it should be analyzed how spatial elements change the way they interact.
Makerspaces include production facilities, working desks, meeting rooms, and so on.
While analyzing the spatial dimensions of collaboration in makerspaces, space,
physical equipment, and prototypes that create means to collaborate are examined.
While some of the makerspaces, Case 1 and Case 4, use a dedicated area for their
activities. Some, members of Case 2 and Case 4, use distributed spaces where they
meet their requirements. For both different usages of the space, collaborative action

is analyzed through their own spatial elements.
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4.3.1 Space as a Collaboration Enabler

Collaboration takes place in a physical space with its provided environment that
enhances interaction. Throughout the research, maker areas located in universities
and public areas are investigated. While universities are supporting the maker culture
by giving a physical space on the campus, there are also nonprofit enterprises that
make activities in more flexible areas. Within the makerspaces investigated through
this research, there are different uses of the space. One of the interviewees shared
their usage of distributed makerspace:

We don't have a place where we gather all the time. Actually, there are
dwellings that we use. There's no direct Case 3 address. But here, for
example, [a 3D printer company] in Istanbul is an area that we can use for a
meeting at work. [an incubation center], [a coworking space] provide us with
environmental support, especially in our projects. There's [a coworking
space] in Kadikdy, you can look at them, they're quite different. There are
different places, according to our needs. For example, there will be an
interview and we need to shoot indoors, we will use [a coworking space]. For
example, something should be produced with 3D printers, and we will make
modelling, and we will produce it. If there is a need for 2-3 3D printers, we
go to [a 3D printer company], we work with them. We're acting on what we
need. Participant 10, Founder, Mechanical Engineering

In the context of university makerspace, it is remarkable that diverse environments
of the university can be gathered together with the eagerness of the university
shareholders to make. Participants of the research mention the use of the space by
university students who have production requirements. Students, academicians,
associations, university personnel come together to use the area. While academicians
use the area to work on their prototype for research, they also attend space to spend
time on their hobbies. Also, associations in the university meet with space in order
to use the makerspace facilities in their events. One of the makerspace members

confirms that:

For example, a dance group had a topic about the devil and the angel. They
downloaded all the products in the choreography about the devil they made
and used it from open source. They didn't know that they could download
and use it. [ mean, they don’t know about printers. It's a bunch of girl groups
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studying in different departments. Here they downloaded a mask, they argued
between them, let this be. Let's make the spear-like this; let's make the spear
handle with the handle of the ground mop. They came up with that idea.
Here's like, let's paint with that spray. Participant 7, Manager, Industrial
Desing
Since the dance community prefers to design their own stage props, makerspace in
the university provides an environment for them. Fulfilling their requirements, they
meet with the place and experience the making activity through collaborative action.
While a variety of groups are using the space, there are participants who attend
regularly. These participants of the makerspace are encouraged by the makerspace
facilitators by naming them as “Young Makers". There are makers who are more
active in the community and have organizational responsibilities. These part-time
workers are involved in the community with their high level of attendance to events
and use of space. Arranging their time schedules, the purpose is to have disciplinary

cohesion in the space and encouraged to launch new projects within these teams.

The interdisciplinary interaction started with our part-time students. He says
that Wednesday afternoon is empty; | can be there at that time. So, two
students may intentionally intersect on that day. For example, let's say we
have a design project; we work on Wednesday afternoons. Here we had a
board; you know that you can come according to the board when everybody
comes. Generally, we do something every day, one part-time student is with
us, we say stop at noon, or when we leave or something, sometimes they can
stay in the evening. For example, Participant 6 is arranging himself; and he
said that we would stay tonight and work. It is a desirable situation there; we
felt that multidisciplinary way of working. Participant 7, Manager,
Industrial Design

It can be deduced that space is an interaction enabler among makers in order to enable
the junction of different practices. Makerspace facilitators’ effort to increase the
diversity in the space makes it possible to do collaborative projects in the area. Also,
members of the area are intended to work together and know each other’s plans with
interactive boards in the space. Therefore the use of space in a timewise way
encourages members with the desire to come up in the area. Also, sharing a common
space enables the communication between makers about their projects. Initiating

small talk in the makerspace on a project is commonly welcomed and creates social
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ties among makers. With their diverse interests, it is possible to launch collaborative

projects.

Collaboration sometimes goes like this. The student has fellow students. Or
the one who came across from different departments in our workshop. "Hello
brother, what are you doing here?" He says, "Here, | am trying this. " and he
says, "Should we do it right here on my skateboard?" For example, he was
building a plane, a small plane with Arduinos or something. Like helping
him. Someone was dealing with an electronic guitar amp. Then ask someone
to help with brazing. Participant 7, Manager, Industrial Design

Also, makerspace enhances the interaction with its spatial design. The arrangement

of the

working area influences the collaborative environment. One of the

interviewees drew attention to how interaction can be related to the layout of the

space.

They can see each other because they are sitting in an open space. So they
can analyze each other's situations, wondering what they did. Having such an
L or U shape provides more interactive participation. For example, when |
was doing something, someone came and said, "What are you doing? Can |
watch it?" they say something. Participant 12, Part-Time Employee,
Industrial Design

Interaction in the space is related to their sharing environment. Since workshops are

carried

out through the same projects, participants tend to examine the works of other

participants. The physical layout of the space becomes important at that point in

order to improve visual interaction and enable face-to-face communication in the

area. Also, one of the participants emphasizes the creativity enhanced with the spatial

design:

| think the color of the makerspace area is also very important for collective
work. It has a yellow background and I think it's very affecting, changing the
atmosphere. The furniture there is different, there are spaces for collective
work. I mean, it's obviously a creative field. Because there are 3D prints on
the walls. | think it's an interesting area, they intentionally located them in a
visible area, so people would want to try them out. Participant 12, Part-Time
Employee, Industrial Design
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The spatial design of the makerspace boosts creativity and collective work. Their
installation of 3D prints on a wall enables an area that calls the attention of the
members. These meeting points enhance the interaction in the space. Considering
the design process of makers, it is also important to have a flexible environment
during prototyping. There is also flexibility provided in the space with areas to work

collaboratively.

They work wherever they feel comfortable. We have a vertical prototyping
area in the middle. We made a surface completely wood like this. We can
screw and unscrew whatever we want. We also have a horizontal prototyping
area in the training area. They can clean what's on the tables and do it there
too. We also have a flat area in front of that extra vertical prototyping area.
We also have a flat area in the workshop. One is with a high seat and a low
seat, which can work in the appropriate area according to the project they
make. Participant 7, Manager, Industrial Design

Space becomes a uniting element for people from diverse interests. With the physical
environment, face-to-face interaction is possible which leads to creating social ties.
Their interaction around tables gives them a chance to get to know their projects and
share their opinion. With this shared environment, collaboration among makers is
achieved. Also, there are meeting areas where the production facilities are
positioned. One of the interviewees mention how members from different disciplines

interact in that points:

For example, there is a direct cut here, engraving here. | have engravings at
these points. Other than that, for example, there are very few cuts here. I've
seen this thing. When | was in space, there were a lot of architecture students,
designers. So | got used to it because there were so many things like that. |
already knew what this cut would be like. I'm a bit inexperienced at soldering
but I am familiar with it from the space. It is not surprising to me. Participant
11, Member, Mechanical Engineering

Makerspaces include areas where the production facilities are located. Around these
areas, individuals may contact the people using that machine. These places become
a meeting area where they can observe and learn from each other. While these spaces

become hotspots of the makerspace, there are areas used for more individual tasks.
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The most popular point in space is the training area where most people come.
But for me, under the ventilation is my favorite. Because | work there. I've
been sanding there all day. I'm just listening to music and sanding, a mask in
my mouth. Participant 11, Member, Mechanical Engineering

It is seen that there are different uses of space collective to individual use. While
members of the space interact in the hotspots, they also prefer to use some areas
individually. While the interviewee prefers to use the ventilation area, there is one

interviewee who prefers to use a soldering table alone.

4.3.2 Physical Equipment as a Collaboration Enabler

Makerspaces have a wide range of physical equipment in order to use in production.
3D Printers, Laser cutters, CNC machines, hand tools are general items that are
associated with makerspaces. There are also physical means like a work table used
for painting, sandpapering, or brazing. Apart from these prototyping areas, desks
used for collaborative idea generations are available in the space too. Interactive
desks or boards are mostly used for brainstorm sessions. The following explanation
demonstrates the usage of the desk as a collaborative work area:

The tables have a surface that can be written and drawn. I'm very used to
these tables from where | used to work. | can start working right there. It is
very useful; for example, we have such a discussion environment, or we have
a glass wall on the side facing the kitchen, we use it as a blackboard, and it
is good. We usually say an opinion from there or discuss it there. For
example, when we are three people, we either gather in one place, so we
collect in front of you on a surface that you can draw and write on the table,
or we can change it according to ourselves. Something like that happened;
we were trying to produce a prosthesis for a disabled friend. At that time, two
academics, a person from the sports center, a student, our team, and our
disabled friend's brother, came. At that time, for example, we gathered
around the table in the workshop area, where he tried the models. In other
words, we do the small prototypes we make on the model, for example,
measuring and discussing the details; in two minutes, there is already a tiny
place on the table and a mat to make a model. Participant 7, Manager,
Industrial Design
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As illustrated in the above quotation, both physical elements in the space and
prototyping equipment provide makers to develop their ideas in the space. With the
attendance of various stakeholders, creative usage of the space equipment enhances
the collaborative environment. Equipment that enables collaborative idea generation

and making prototypes are gathering people together in space.

Since makerspaces that prefer to work in distributed areas need physical tools to
carry out their projects. While they can work in various ateliers or coworking areas,
there are alternatives like a cafe or a home if they have the physical equipment with
them. Most of the participants mention the importance of the physical equipment

compared to physical space as follow:

| have assembled with volunteers even at home because it is a more
comfortable meeting area. After all, if we have tools and materials, we can
assemble them anywhere. Participant 1, Member, Electrical and Electronics
Engineering
Participants from the maker societies which have changing working spaces put
emphasis on physical equipment rather than having a maker lab. With the social
environment and physical equipment, it is possible to work in alternative sites.
Another way of viewing this, rather than making the production possible, physical
equipment introduces innovative production methods with enhanced tools.
Participants of the space have experience with limited tools. With the enhanced
facilities in the environment, it is also possible to learn new fabrication techniques.
With the effect of this innovative production environment, the perspective of the
makers improves simultaneously. Knowledge set of these facilities transformed to
the makers with the collaborative sharing environment. The remark of one
interviewee on the change in makers’ perspective with the introduced tools in the

makerspace:

He's doing it in his house but thinks you can do more there. Let me give an
example. Let this person make products from resin. He does not believe that
you can process the products made from resin in CNC there. Or he doesn't
think he can come and drill with Dremel. You see, that person was dealing
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with resin, but if we established such a relationship with CNC, it turned into
something else. Participant 7, Manager, Industrial Design

Shared knowledge about fabrication tools enables makers to reach another level.
Every machine or technique introduces an individual to make new trials while
learning. Also, production facilities in the makerspaces are attention gatherers in the
space. With the help of space-makers or experienced members, they recognize the
potential of the space. Discovering the potentials of this equipment is possible with
the curiosity that members of the space show each other. Their discovery process is

shared by one of the participants as follow:

For example, one of our students was obsessed with leather, and he brought
it to us to wonder if we could cut the leather. He's a student who can draw,
and he makes normal cuts. He brought some pieces to see if we could cut
them with a laser. So we found out that it is possible, also we tried the felt,
and that's where we found out. Participant 7, Manager, Industrial Design

These conversations become possible with both facilities available and the positive
attitude to make new trials. While space-makers support these trials, members of the
space also feel free to use the equipment. Also, most of the interviewees emphasize
the effect of physical equipment on newcomers. One of the interviewees states the

effect of fabrication tools on the people who walk in the space during an exhibition.

During an exhibition we held, the 3d printer there attracted a lot of attention.
The students did not know what was happening there, but the printer works;
some came to ask why it works and what it is doing in the middle of the
exhibition. Participant 7, Manager, Industrial Design

As indicated above quotation, makerspaces include different interaction points, these
interaction points may include areas where fabrication tools are located. Therefore
3D printers or laser cutters become a collaboration point. Makers’ products are used
as an exhibition item. These initiate the awareness of the new members to interact

with the product and the makerspace users.
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4.3.3 Prototypes as a Collaboration Mean

The design process in makerspaces is associated with the production process mostly.
Although design stages can be listed as problem definition, research, idea generation,
prototyping, implementation, most of the participants are illustrating the design
process over prototypes. The nature of this process is arising from the characters that
centralize the prototype over the process. Since makerspace provides that working
style, with its production facilities. One of the participants points out her way of

working as:

| always preferred to work with mock-ups. So | would make the mock-up,
take a photo of it and model it. Let me say that | do not make models first
and then mock-ups. | do not work in such a mindset; first, I make sure that
the design is working on a mock-up, and then I model it if necessary.
Participant 7, Manager, Industrial Design
As indicated above, prototypes become the tool they carry out their design process.
Knowing that makers prefer to work with mock-ups individually, means they have
become a common tool to work on it. They explained the use of mockups through
the design process. For example, It is shared how they follow a design process in
their electronic prosthesis arm project. One of the interviewees confirms that with

the quotation below:

While working on the electronic prosthesis arm, first, we were explaining the
concepts through our 3d model and sketches. Then we continued to work on
the prototype to discuss and test the design. Participant 2, Member,
Industrial Design Engineering

Although they are using sketches or 3d models to initiate discussion, mock-ups are
used in the upcoming phases of the project. They tend to see the concept in their
hand and discussing the tangible means is more effective for them. This perspective
is spread in the community since they have the opportunity within the space. One of
the participants defines a philosophy called “Build-Design-Rebuild”. This is the
methodology that is encouraged to use in order to reach the mock-up as soon as

possible.
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We start with the Build-Design-Build philosophy. With paper, cardboard,
whatever you get, do it first. There is no design; we do it first. At first, we do
it with all that we have. What is missing, we take care of them. Participant
9, Founder, Mechanical Engineering
They aim to have as many prototypes as possible during the process. It is not
important to have the complete product, it is important to follow the process while
recognizing the deficiencies through testing mockups. Interviewees state that giving

feedback and having discussions over the mock-ups is more practical too.

When the design concept is clear in their mind, the mock-ups begin to emerge
from their sketches. Those who want to give feedback through mock-ups give
feedback. Participant 10, Founder, Mechanical Engineering

It is possible to share opinions and give suggestions about a design. A collaborative
environment is achieved with the exchange of ideas. Since makerspaces have the
opportunity to make iterative progress, it reflects positively on the implementation
process too. One of the interviewees emphasizes practicability in the space while

they give their end products to the user:

We do a trial before handing it over to the children. It is necessary to make
changes to the model. It is done in a loop like this by making changes on the
model, trying again, making changes, and making changes too. This is
actually the first model that is not always suitable because there are cases that
we have not encountered before. Participant 3, Member, Business
Management

Being close to production facilities makes them feel free while improving their
design. And, they also digest the iterative design process through their experiences.
Building on the idea that there is a dynamic making process in the makerspaces, there
are means created by the makers which enhance interaction. Although individual
projects cause them to work alone, the curiosity of the makers directs them to interact
with the other’s projects. Most of the participants state that there is always
communication between makers which is triggered over the product. They tend to
follow the progress and the methods other members use. Knowledge sharing and

compliments about the product are creating social ties among the makers.
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You run, run, throw, and it glides by itself; there are such big models. One
child was doing it, for example. One day | went and asked. What are you
doing, what is that? Because you want to ask. Do it like this, or like this.
There is an exchange of information. When someone comes and says what
are you doing here, it feels very nice or something like that. Someone said,
did you print this on a 3D printer? | wanted to print something at my house,
maybe a trinket. Participant 7, Manager, Industrial Design

When they come up with someone’s product, they start a conversation through the
produced means. While learning the process which the maker experienced, they can
share their own interests and plans too. Also, facilitators in the makerspace are
aiming to increase interaction via introducing projects which enhance interaction

among makers.

In general, there are projects, for example, things are done to combine coding
and design. It is also cared about to attract people's attention with projects.
They were making a Christmas box and laying it out when the two people
held hands; the music played as the circuit was completed. They had put this
at the entrance to the school; everyone was trying. For example, there was a
photo bot; it sent photos to Instagram when you pressed it. Generally, things
were done to increase such interactions among the people who try these
means. Participant 12, Part-Time Employee, Industrial Design

These products are intentionally designed by space-makers to attract people’s
attention. Through these products, they experience the capability of making their
own design in the area. It enables people to interact within the surrounding
environment to spread the making. It is also seen that members of the makerspace
help each other in their projects. Since they share the same area, they come across
when someone needs help in his/her prototype. One of the interviewees mentioned
her experience while trying to find alternative solutions to a problem with the help

of other members.

In Case 1, | learned what laser cutting can do and what 3D printers cannot
do. For example, 1 had never combined laser and resin before. That is how
different materials interact with each other. For example, I pour the resin; it
disappears, MDF absorbs it. But | didn't know because | haven't done it
before. Then | said, let me varnish, | tried, but that didn't work either. Then
we greased it with heavy oil. At that time, it was not absorbed, but this time
the color was getting yellow. We had trouble doing it. Because it had to grow,
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and the resin dries out in a day. When it dries, secondary treatment is required
again. All part-time employees helped me. Someone was oiling; someone
was helping to pour the resin with me. Participant 12, Part-Time Employee,
Industrial Design

When someone experiences a problem through prototyping, others give support with
their knowledge or skills. Production phases carry on with collaborative iteration.
Various alternative fabrication methods can be used in makerspace. These methods
can be tried iteratively through a project with the shared knowledge. Learning from

a prototype maintained with collaborative trials and errors.

4.4  Social Dimensions of Collaboration in Makerspaces

In order to understand the collaboration in makerspaces, it is also important to
understand the social aspects. Members of the makerspaces form a social
environment, and within this social context, collaboration takes different forms.
Since makerspaces provide a meeting area where members carry out projects, it
should be analyzed how social elements change the way they interact. While
analyzing the spatial dimensions of collaboration in makerspaces, maker community,
partnerships in the space and supportive environment in the community are

examined.

44.1 Maker Community

The Maker Movement spread around the world, with a strong philosophy behind it.
People who support individual production against consumption culture, raise
awareness within the maker culture. This perspective is scaled within the maker
communities in order to represent this culture as a society. Involving a community
changes the notion of collaboration considering the common ground founded. Most

of the participants emphasize that having a common goal eases collaboration.

Yes, everyone has the same purpose, and people who come with this purpose
are alike, so it is easier for them to be friends. | mean, | also have friends in
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other communities, but too many Case 2, as | said, we are together for the
same purpose. This purpose connects us. Participant 3, Member, Business
Management

One of the participants claims that the population who attend the makerspaces are
open to learning and also open to socializing. Bringing together these personalities
into space, create an easily achievable collaborative environment. One of the

interviewees states that it is a natural process:

The coworking dynamic is entirely dependent on the team's harmony, so the
team comes here because they want to learn. Therefore, the formation of this
culture occurs naturally. Everybody intends to socialize in the area. There is
no problem within the team. Participant 5, Employee, Participant 9

Having the same goal and the same level of curiosity to make, strengthen social
relations. This social subgroup collaborates in the scope of sharing facilities, solving

local problems, and online support.

4.4.1.1  Tools for Community Use

Since accessibility of fabrication facilities is not easy due to high prices, makerspaces
may have difficulties in their projects. People who have the required physical
equipment in the community, support other community members by sharing the
tools. With these environments and facilities provided, the activities of the maker
groups are maintained in a collaborative manner. Members of the distributed
makerspaces need fabrication tools and these requirements are met by the
community members. For example, one of the members of Case 2 has a small atelier
for their individual use. When there is a need for equipment, members solve the

problem within the community.

The printing volunteers were providing that part. We could take
measurements there. We could scale. We could carry out the assembly
process there because our material was there. Participant 2, Member,
Industrial Design Engineering
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While there is a sharing environment in the community, it is seen that different maker
communities share their facilities with each other. Some of the interviewees state
that there are 3D printers companies that give free printing services or some
companies donate their machines for use in the makerspace. Therefore, it is seen that
there are strong relations among maker communities too. For example, one of the

interviewees illustrates their use of facilities in “fellow” companies.

We have partner machine shops. When something needs to be machined from
metal or CNC, we go to their workplace and we can do everything needed
there. Participant 9, Founder, Mechanical Engineering

Members use the facilities both within the community or outer network. Also, there
is a strong feeling of embracing the makerspace. They spend time in the makerspace
and it follows a process of founding a tie with the space. One of the interviewees
points out their feelings while working in the space.

Since we do most of our own work there, we spend most of our time there. It
doesn't feel like work when someone asks you for a job. | complete it when |
see something missing, someone doesn't have to say anything. It's a home-
like environment. You embrace it. For example, you're upset because the
pliers are broken because they're yours. It is a home-like environment.
Participant 5, Employee, Electrical and Electronics Engineering

These show that members feel themselves in a maker community and feel
responsible while using the facilities. Some of the makers share their customization
of work desks since they spend too much time there. They also mention that they
prefer to repair the broken products. Also, they make projects to gain new facilities
for the community. For example, one of the interviewees mentioned how they meet

the community's vacuum forming machine requirements:

For example, we are now working on a project for baking cookies while
creating their own patterns. And they make their own chocolate designs
entirely. We make trials. For example, in order to make this workshop, we
made a vacuum forming device ourselves. We couldn't buy it from outside,
since we don’t have that budget. There is a vacuum system available in the
CNC machine and I also brought my oven. Using these, we set up a wooden
assembly and tried a lot of PP types, and then we found one type to use as a
mold. Participant 7, Manager, Industrial Design

96



With a productive perspective opposed to consumption, they prioritize gaining new
facilities for the community. This is possible with the belongingness to the maker

community.

4412 Collaboration for Local Problems

Rather than responding to individual production facilities or workshops, makerspace
has an important role in local problems too. While Cases 2 and 3 are social utility
aimed makerspaces, Case 1 and 4 also carry out projects that provide a social benefit.
Maker communities launch projects in order to respond to local problems. One of
the participants mentions the use of 3d printers while producing face shield

movement for the medical staff during Covid-19.

The face shield thing is a big deal (Covid-19). We directly volunteered for
this job. There is Participant 6. Participant 6 tried to print. He went there and
dealt with the design. Participant 7 dealt with the coordination. I also worked
in the shipping process. There were also supporters who made their prints in
their homes. It is a lovely thing that people also work in this area. Since we
are already a member of a platform called [a social enterprise], we contacted
them. We made nearly 1000 prints. This is an excellent thing. We were able
to help people who are working in the field of health and help the doctors.
We also helped the security guards in the school. Participant 5, Employee,
Electrical and Electronics Engineering

With the community perspective, collaborative action through such issues spreads
and shows its outcome. Facilities in the space and member’s efforts make a collective
contribution to the people in need. Around a platform that unites the maker
community, they serve social needs collaboratively. Also, maker communities
enlarge with a participatory perspective to solve local problems with the local people.
One of the members of Case 3 mentions how they include locals in a repairing project
for their neighborhood.

We ran a project specific to the neighborhoods in Kadikdy. We came
together, made a list of all the problems we could work on, and started to
eliminate them. A few ideas were left. There was painting the trash cans,
collecting the waste oil cans, and something else, but | can't remember. The
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easiest thing you could do was paint the trash cans, and it made sense. Why
is the garbage can on our streets so dirty? Can we at least keep it clean? For
example, you do not want to bring your child closer to the garbage can; you
do not let him touch it. This is a bug. Then, we decided to conduct the project
around Kadikdy-Fenerbahge or Bagdat Street. Because we chose the
neighborhood since people who participated in the project were living in that
neighborhood. Participant 10, Founder, Mechanical Engineering
As indicated above, maker culture spread in a collaborative manner through
participatory design. With the widespread maker culture, the community generates
new collaborative projects in order to improve the local. For example, there is a
project called “Free Little Library” which has applications in maker communities
abroad. One of the members of Case 3 introduces this project and they make open
calls to design an open library in Kadikdy. These are examples of how the maker

communities make contributions to the public.

For instance, there is a community called the Little Free Library in the United
States, which encourages people to build street libraries on their doorstep. A
volunteer who saw him sent us an e-mail, and we liked it very much. I also
made an open call. Lots of people we do not know, probably around twenty
people, came to design a street library in Kadikoy. Participant 10, Founder,
Mechanical Engineering

As given above, there is a reflection of maker culture on people with the social utility
aimed project carried out in the community. They respond to societal needs with
their abilities to solve problems with their mindset and generate tangible solutions

with their facilities.

4413 Online Coordination

Maker communities give importance to improving themselves and share their
experiences within the community. While space and events are held to create a
platform to learn and share, there are alternative ways with the emergent use of the

internet. There are online tools that enable coordination and knowledge sharing.
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Makerspaces develop their community using online platforms. In order to establish
coordination among makers, online tools are mostly used. There are various tools
used by the participants; Whatsapp, Facebook, Trello, Mail Groups. Interviewees
point out the importance of their use while following a design project. Most of the
participants state that online tools are practical for them to coordinate along with the

long project duration:

Communication is usually verbal, but if the process takes a long time in the
team, they typically establish a WhatsApp group or set up a mail group for
communication among themselves. That way, they all work together.
Participant 5, Employee, Electrical and Electronics Engineering

These platforms are actively used to share knowledge among participants too. Apart
from being informed about the process, it is observed that there is a knowledge

transfer among new makers and experts while remote working via these online

communication tools.

We are establishing a WhatsApp group for communication with those
volunteers. In this group, the person who is an assembly volunteer can learn
what to do by writing to the group and asking questions when they have a
problem. For example, she calls me, and asks; "I could not insert this pin,
how can | attach it." or "how can we shape that here?" They might ask
questions like, where is the matching part of this? Participant 2, Member,
Industrial Design Engineering

Although knowledge sharing within the community is given above related to the
messaging tools, there are other online tools to reach the required knowledge. These
online platforms help to spread their community knowledge too. Experts in the
maker community become accessible with these platforms. One of the interviewees

states that their network enables finding rapid solutions:

When you send the photo to the group, someone knows it. Guys, we did this
yesterday; the cable got stuck on it; does anyone know that? Immediately
someone writes, they find the solution. There is also a guy working at
Microsoft. There is a hacker; for example, this person gives the best-selling
training on Udemy. He's with us too. Everybody gives their support to solve
that problem. For example, there is a maker Mark, who has a YouTube
channel called ArdunioMack. When someone is stuck, ask questions to him
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and get an answer from there. Participant 9, Founder, Mechanical
Engineering
The use of these tools raises the awareness of capabilities in that community. Within
these communication groups, they get to know each other's interest areas and create
social ties while helping each other. For example, one of the members who have a
design project that includes coding meets with another member who is an expert in
that field. That enables the interaction of different fields with mutual assistance.

Also, these people create content for online platforms that everyone can reach.

4.4.2 Matching Makers to Collaborate

Makerspaces enable their members to match with someone to carry out projects
together. Within the space, it is possible to create social ties with members from
different fields. Makers who have experienced working collaboratively create their
teams within the community. These social ties reflect on future professional
enterprises. One of the participants mention how space-makers guide them to find

other makers working in relevant fields:

We have students contacting us: | have a small network and have difficulties
with this topic. We ask the community, "Does anyone want to learn
something about this issue and come and support us?" For example, we say
either "We have a friend who is dealing with this resin business and need
someone while... For example, mold works, he makes a lot of molds. You
can learn from him." and we met them. Participant 7, Manager, Industrial
Design

Since members of the community have diverse interests related to production, it
enables makers to find the required help within the community. This is possible both
spending time in the space or through networks. Following the social ties formed

among makerspace participants, it is seen that makerspace leads to further projects

even enterprises.

For example, the friends in the design team we set up for the Kalamis Park
project later applied to the Urban Furniture competition of the IBB and
became the winner. For example, there was Benedict and Jonas there. They
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are architects and interior designers. There was also industrial designer
Henry. Benedict, Jonas and Henry have never met before. Later, we brought
them together for that project. Then they met and decided to prepare for the
competition. Because they are an excellent team and there are many examples
like this; we met at your meeting, and now we are doing business
together. Participant 10, Founder, Mechanical Engineering

It is emphasized that there is a strong effect of space-makers on gathering people
together to work collaboratively on a project. It is also possible to see these
interactions among the members who have the same problems. When they
experience an issue related to prototyping, there is someone else who has
experienced it before. One of the interviewees mention how they solve a printing

problem with collective sharing:

Yes, they can learn through word of mouth as well, for example, the most
obvious example let me tell you, When architecture and industrial design
students come here first, their 3D models were so bad for 3D printing. We
could not print them or the result was so bad. Then, we tell him the reason
for his mistakes. In time, they started to learn how to prepare models. Asking
each other how they should make the model, they all improve themselves.
With the help of word of mouth, the possibility of the wrong model to print
has decreased from 80 percent to around 15 percent. Participant 6, Employee,
Mechanical Engineering

Within the space, or around a 3d printer, they find a chance to overcome a problem
with the collaborative action. There are also situations where space-makers guide

them to get feedback from other members.

For example, | learned a lot, especially from Lady Participant 7. Because |
don't know much about design. We usually do ugly things. If it works, it is
alright. Will it move, yes. Will it be fixed? I'm usually in this logic, so we
can't think about the design part too much. I ask Participant 7 and Participant
12. It's good, isn't it? I've done it a lot in my projects. | consulted a lot to get
their opinion when | made that jointed baby. Does it look like marble?
Because it was smooth. Participant 11, Member, Mechanical Engineering

In these cases, the participant realizes her deficiency and finds people who can help
with their expertise. Social ties and proximity in the space enable makers to learn
about other members' interests and abilities. In this way, meeting with the correct

member to collaborate is possible in this social framework.
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4.4.3 Social Support to Make

Makerspaces include facilities to enable making activities. Apart from these
facilities, there is social support that enhances learning and sharing within the
community. While members attend activities more focused on aim, space-makers
put effort into spreading maker culture. They believe that the act of making can be
transferred by giving people the courage to widen their knowledge. One of the space-

makers mention how they transfer their spirit to enlarge this culture:

Everything that comes there is done to teach other people, to carry the spirit
of the maker at the same time. We have our own projects, and we reflect our
own projects to other people. So there's a community. Let's have a workshop
in order to help people learn, produce, there's no need to buy everything from
the outside. Participant 8, Member, Electrical and Electronics Engineering

As they make contributions to others, this movement becomes scaleable. Also, there
IS a perspective that prioritizes the sustainability of the community with transferring
experiences to newcomers. Participant 6 (Employee, Mechanical Engineering) states
that they try to sustain the collective knowledge in the community through enabling

the sharing environment.

4.5  Drivers of the Makerspaces

Throughout this study, four different makerspace are analyzed to understand the
collaboration characteristics in these areas. However, it is recognized that these
spaces have differences in their inherent characters. Mainly, these spaces can be
divided into two categories; goal-driven spaces and place-driven spaces. While
studying these groups their motivations, structure, and use of space have
differentiating aspects. Also, members of the makerspaces make a comparison over
their previous experiences to draw attention to how makerspaces differ from

business-oriented working environments.
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45.1 Goal-driven Makerspaces

It is observed that some of the makerspaces position their community and goals over
the organizational and spatial facilities provided in the makerspaces. Although they
relate themselves with the production and have facilities, there is a social aim at the
core. In this framework, Case 2 and 3 will be analyzed through their motivation,
communal structure, and flexible use of space. Case 2 is a maker community that
aims to give prosthetic hands to children. Although they are creating an end product,
there are other activities carried to support this disadvantaged group. While some of
the members have previous experiences in voluntary organizations, some receive this
perspective after being involved in projects. One of the interviewees tells about

change in his perspective:

Actually, truth be told, this was my first volunteer experience while
participating in, | already thought that I'll be an engineer. There are
mechanical systems and 3D printers here and that would be a plus for my
career development. When | first joined | didn't feel like there is social utility
here. Then, | recognized that helping people have precedence over technical
experience. Participant 4, Member, Mechanical Engineering

While he positioned space as a place where technical knowledge can be obtained,
this approach shifted to a social framework. Rather than a motivation for personal
improvement, it becomes a motivation to have a social impact. Therefore, the
common goal of the community gather people together with a strong attachment as
indicated below:

Everyone has the same purpose and people coming together with the same
purpose resemble each other. Therefore, it is easy to become friends.
Common goals tie us together. Participant 3, Member, Business
Management

It is stated that there is a familiarity between members caring about the shared goal.
When they come up with a shared goal, they don’t present any conflicts. They avoid
conflicting with giving precedence to their collective goal. Goal-driven makerspaces

attach importance to the communal structure. Projects carried out in these spaces
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require teamwork rather than personal effort. While people use the space for their
individual tasks in other cases, members of the goal-driven spaces perform their tasks
within a team. One of the interviewees who experienced a project alone due to time

limitations share her feelings as below:

For example, we did a project with an association out of town. They took the
measurement and sent it to us. Since the process was urgent, | worked by
myself. Following printing and assembly, it was over. Then, they send the
video of the child using that prosthetic arm. | was so happy but there was
nobody to share it with. There was nobody to tell how beautiful it looked. So,
it is better to work together when you share the goodness and help. No matter
if you can do it by yourself, the process becomes more valuable when you
share it. Participant 10, Founder, Mechanical Engineering

While members tend to act for the shared aim of the community, there is also a
communal structure in the organization that does not contain any hierarchy. Since
there is no concern about statues, members of the makerspaces work to make the
process effective. Roles and responsibilities are more shared considering everyone’s
motivation to take part. One of the interviewees mention how they generate a system

to enhance the progress:

When | started volunteering, there was no difference among members. [The
community manager of Case 2] was taking a little more responsibility
training with support from other volunteers. But her load was too much. She
was the coordinator of members and cases. Also, she was arranging events
and training. And we decided to try a new system in Ankara. There were 15
people who worked as coordinators. These people became responsible for
each case to make coordination required for that specific project. It was a
facilitator rather than a superior-subordinate relationship. Participant 1,
Member, Electrical and Electronics Engineering

These organizations maintain their activities with the motivation of their members.
It is common to see a person who takes initiative to sustain the community. Their
willingness to sustain the community is transformed to other members with a
collective perspective. They want to ease the workload on the community manager,

by founding a support team. It is not a hierarchical structure under community

manager, it is more facilitator of the community activities. Besides, it is seen that
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there are people who have credence in the community when there is a topic to make
a decision. This situation is explained by one of the interviewees as below:
When someone gives a training, people think that he/she is an expert in the
field. It is not a status difference. Maybe he/she spent more time in the field
and had more experience. We are taking more responsibility as the facilitators
of the community, so it is not an organizational hierarchy. Participant 2,
Member, Industrial Design Engineering
People who have more experience in the community take roles in training or events.
The high responsibility of these members is welcomed as the source of knowledge.
Rather than an organizational hierarchy, this situation introduces a communal

hierarchy where members who attend more are valued more.

Also, it is observed how the use of space in goal-driven makerspaces changes. Since
there is a collective goal rather than personal use of space, goal-driven makerspaces
do not position the space and its facilities at the core. It is more important to spread
the collective aim in the community. Therefore, they use distributed spaces to carry
out their projects.

We don't have a place where we gather all the time. Actually, there are
dwellings that we use. There's no direct Case 3 address. But here, for
example, [a 3D printer company] in Istanbul is an area that we can use for
the meetings. [an incubation center], [a co-working space] provide us space
support, especially in our projects. There are different places we use,
according to our needs. For example, something should be produced with 3D
printers, and we will make a 3D modelling, we will make prototypes, we go
to [a 3D printer company], we work with them. We're acting on what we
need. Participant 10, Founder, Mechanical Engineering

As indicated above, they use different places for their different tasks. Since they have
strong community relations, it is possible to find a place to carry out their activities.
It is also similar in Case 2 because they decide their meeting place according to their
activity. For example, when they plan to use 3d printers, they prefer to use one of the
members’ ateliers. It is easy to perform their task when they have the necessary

equipment there without any time limitations. Also, there is no restriction while using
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the equipment since there is no restriction to try something out. This flexibility in

space use makes them focused on their goal.

45.2 Place-driven Makerspaces

Place-driven spaces can be described as areas that give precedence to the
organization and its facilities. These places provide facilities to the members of the
area with their structured organization. In this framework, Case 1 and 4 will be
analyzed through their personal use, structured organization, and use of facilities
provided. Place-driven makerspaces contain various opportunities for their
members’ growth. For example, Case 4, has long terms projects to have experiences
like an internship. Also, there are projects funded by the makerspace and they invite
people to join and gain experiences. There is a similar opportunity in Case 1 too.
They have facilities for personal use and organization that support the members in
their activities. One of the interviewees points out how space-makers support their

use.

She's got a graduation project, she is saying how can | achieve this task, and
we're offering ideas. We help her using machines, we're helping her while
prototyping. Participant 7, Manager, Industrial Design

In the context of place-driven spaces, it is commonly seen that members meet with
the space for their personal needs like their graduation project or making a present
for someone. These spaces provide various opportunities with production equipment
and a team that help them while using these:

Here we have 3D printers, we have laser cutters, we have a lot of equipment,
and students come to us when they need something. They come with 3D
models or drawings for laser cutting. We help them, we print with 3D
printers, we help them with laser cutting. If they have soldering jobs, we have
tools to help them. Participant 6, Employee, Mechanical Engineering

As interviewees emphasized, there is a variety of equipment in the space. While these
facilities become the main use of space, there is also a maker culture spread through

the organizational effort. Although members come to the space with a personal aim,
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makerspace facilitators aim to enlarge the community that learns in this area. One of

the facilitators shares his opinion about their organizational aim:

Everything that is conducted there is done to teach other people, to do
something, to carry the spirit of the maker at the same time. We have our own
projects, and we reflect our own projects to other people. So there's a
community. Let's build a workshop so people can learn, produce, there's no
need to buy everything from the outside. Participant 8, Member, Electrical
and Electronics Engineering
Since place-driven spaces have a dedicated space and various facilities, there is a
need for an organizational structure to manage the community. While members of
goal-driven spaces emphasize that there are shared responsibilities rather than titles,
in place-driven spaces, it is seen that there is a certain definition of makerspace
manager. There are also paid personnel that perform activities like preparing training
materials, conducting workshops, or being responsible for the machinery. Then, we
have the members who benefit from that environment. Also, there are part-time
employees who are active members supporting the paid personnel in their tasks. One

of the interviewees explain the organizational structure as below:

| have a manager and a teammate. We work together on tasks. There are also
part-time students who support us. Participant 5, Employee, Electrical and
Electronics Engineering

Within this organizational structure, there are divisions of roles concerning their
expertise. However, it is possible to see that there are shifts in roles since they have
different fields of interest. Although facilitators in the space have close interaction
and cooperation, the reflection of this organizational structure on members of the

makerspace is different:

Sometimes they are afraid to ask [Participant 7] or to ask [Participant 6].
Because they can get nervous and think that I don't know anything. Then they
ask the people who work voluntarily, for example, me. Because they see them
for their age. We answer about things we know, and when we direct them
about things we don't know, they go and ask. Because some of them have no
idea, no idea how to move forward. They consult, and they think more about
what they understand alone. Then they ask again, for further information.
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More jobs fall on these office workers. Participant 11, Member, Mechanical
Engineering
Due to the structured organization and strong character of the manager, there is a
flattened structure between space-makers and members but not the same for the
manager. Since these paid personnel and part-time employees are new graduates or
students, it seems easy to interact.

Structured organization and facilities in place-driven spaces enable making activities
like training or workshops. While there are goal-oriented specific pieces of training
in goal-driven spaces, place-driven spaces hold various events in different fields.
This is more related to their resources both in equipment and trainee. For example,
one of the members who has knowledge about post-processing 3d printed parts
arranged a workshop to transform her experience with the facilities in the
makerspace. These activities aim for university members who want to gain different
skills. One of the interviewees mention how various events can be done with their

resources:

We organize training in the school, for example, for students who want a 3D
design workshop. There's a schedule we've set. We teach students how to
make 3D designs. Or we do an electronic prototyping workshop. Everyone
comes, draws the circuit, and produces it. Apart from that, for example, we
do a lesson about how to use a 3D printer, or we do a lesson about how to
use a laser cutter. In addition, Lady Participant 7 does a lesson in design
thinking. Participant 6, Employee, Mechanical Engineering

Although there are various opportunities, the use of equipment is more restricted in
place-driven makerspaces. Having equipment like a jigsaw machine or CNC brings
safety requirements in the area. Members of the area cannot use this equipment and
they can ask help from space-makers to perform their task with this equipment.
While goal-driven makerspaces contain limited and basic equipment, place-driven
spaces contain expensive tools and materials that should be used carefully. One of

the interviewees explain the precautions while using a milling machine:

Some tools are very dangerous. For example, only Participant 6 can use the
milling machine. Although I took a lesson about milling machines, | cannot
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use them either. They don't let anyone use it. Because it is already throwing
a lot of chips out, it can hurt someone else, the tip may break off. You have
to stay there wearing protective glasses. Participant 11, Member, Mechanical
Engineering
Also, there are time limitations while using the area. Since there should be someone
to observe members and provide the safety requirements in the space, it is necessary
to work within certain time limits. Even there are members who want ta spend more

time in the space, it is difficult because of the responsibilities of space-makers:

We have students who ask why you are closed on the weekend or something
like that. So, we have to close, and we actually have a lot of students passing
by. Participant 6, Employee, Mechanical Engineering

Therefore, the use of place-driven makerspaces is constrained due to time limitations
and safety requirements. Also, it is seen that active members of the space may stretch
the rules after taking permission from the manager. They may use the area for a
weekend project in company with a space-maker or they can try some equipment

with the assistance.

45.3 Comparison of Collaboration Characteristics between Makerspaces

and Previous Experiences

Makerspaces present different collaboration characteristics compared to previous
experiences of the interviewees in business-oriented working environments. There
are members who have experienced full-time jobs in corporate firms, start-up
environments, and internships. Giving examples from their internships or work
experiences, they compare both working frames in terms of collaborative work. Most
of the participants emphasize the distinct characters in makerspaces such as
disciplinary independent working environment, enabled collaboration, and

encouraged productivity.
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45.3.1  Blurred Disciplinary Borders

Makerspaces have their own non-disciplinary working environment rather than
separate departments. In business-oriented working environments, there are
departments that specialized in an area. However, makerspaces do not classify their
members according to their disciplines. They have more task-related or
responsibility-related classifications. One of the makers describes his previous
experiences in one of the defense industry firms as being restricted into his
disciplinary fields.

| was in the Electronic communications department in [a defense company].
| had a team manager there; he was defining what we will do. We were also
working in that limited area. Everyone has a card, a region. You cannot leave
this area. When you are moving away from that area; for example, you cannot
talk to another person. Participant 5, Employee, Electrical and Electronics
Engineering
Since disciplinary borders become obvious with the physical borders in the space,
interaction among different disciplines gets difficult. In contrast, makerspaces are
independent of these borders. Most of the participants emphasize flexibility in their
field of interest. One of the interviewees mentions how he act freely while working

on different tasks:

We have this in maker culture; people usually want an expert in a field, but
this is not the case with a maker. There is a culture of learning among makers.
By learning, you develop or produce something, so you can inevitably work
in every field when you adapt to this culture. I mean, | can go and do the
work that a software developer has done. And this is not a problem when
someone asks about my profession. | can easily say | am from the electrical-
electronics field because you can learn this in Maker culture. Participant 5,
Employee, Electrical and Electronics Engineering

Transitions between different tasks are possible with the welcoming learning
environment. It is important to have the desire to shift to new fields. Maker culture
rejects the approach of positioning yourself in a specific area. With their multifaceted
personalities, they are open to dive into new fields. Although there is a classification

according to tasks and responsibilities in makerspaces, members do not feel any
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deficiency in the case that they don't have any information. One of the interviewees

remarks his comparison of responsibility as below:

When | meet and work with corporate firms as a white-collar, there is a
concept that “this is not in my job” description. We do not have that. We are
dealing with everything. The only thing we say is it's not my specialty; | don't
know. Participant 5, Employee, Electrical and Electronics Engineering
While there is a job definition in corporate firms, makers have a flexible interest area
and that is not corresponding to an area of responsibility. Having a flexible area of

interest enables makers to interact with other individuals in the space.

45.3.2 Enhanced Collaborative Learning Environment

Makerspaces provide a collaborative environment that initiates interaction among
participants. There are organizational, spatial, and social elements that ease the
interaction as discussed before. Coworking spaces are compared with the

makerspace from the perspective of an interviewee:

When you want to ask a question in a coworking space, you cannot ask.
Because the man came there for a different need, to do his work. For example,
when | see a person wearing headphones, | don't go and bother in such places.
The people here can run everything simultaneously and do not see each other
as an obstacle; They are people who came here to have this type of work
culture. Participant 9, Founder, Mechanical Engineering

Since the interviewee knows that other people have different aims to work in that
area, he avoids making contact. On the other hand, makers feel relaxed while asking

questions and learning within the community. One of the interviewees makes a

comparison between makerspace and university laboratories as follow:

All of the people who come there are from different departments: Electrical-
electronics engineer, computer engineer, mechanical engineer, etc. There are
programs and software used by each of them in their field. A structure was
established to help every person who comes into Case 1. Whether an architect
or an engineer comes, there are people in every area to help. Someone who
comes to space can do whatever he wants. In this way, communication is
established. For example, when | say that | will do a project, it has to
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withstand absolute pressure, and it should be aesthetically pleasing; an
architect friend comes, draws it, or Participant 6 does his 3D design there.
There is a more severe structure in the other laboratory, everyone is doing
their job there, so there is no such environment. This environment provides
better learning opportunities. For example, | am a student of electrical and
electronics engineering, but using Fusion360. | have learned this. Participant
8, Member, Electrical and Electronics Engineering

As given above quotations, makerspaces give the opportunity to interact with other
members. There are people who are open to help and discuss the environment. This
interaction is seen as valuable compared to other working frames that people focus

on their tasks.

45.3.3  Encouraged Productivity

Makerspaces differentiate from business-oriented working environments with their
closeness and rapidness in production. While business-oriented working
environments have economical precedence, it makes it difficult to make iterations.
Also, it is difficult to reach production due to organizational structure. While some
of the firms have restrictions on using machines due to safety considerations, some
have long approval processes in organizational structure. Participant 12 (Part-Time
Employee, Industrial Design) emphasizes the openness to make trials in makerspaces

contrary to corporate firms from her experiences during the internship.

Makers’ productivity is directly related to their curiosity even things they are
working on seem not possible. Since large scale business-oriented firms use
advanced technologies such as CNC machining or plastic molding, making a
prototype cost high prices. On the other hand, makerspaces prioritize trial and error
as a baseline. With the low-cost manufacturing abilities with 3d printers, laser
cutters, etc., it is accessible to have prototypes. Therefore, makers feel encouraged

to make iterations without any economic concerns.

Even if | did something wrong, it could be reversed. For example, | got the
wrong print; | did it wrong; | can change it. It brought me a little more courage
in that matter. Participant 4, Member, Mechanical Engineering
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Since makers adopted an iterative approach without any worry, their learning process
is enhanced with the encouraged productivity. Compared to business-oriented
environments, makerspaces provide an opportunity to enhance the design process
with their supportive environment. Participants who meet this culture define
themselves as more productive. Involving in the production encourages them to use

that knowledge set to apply their life. One of the interviewees remarks that:

If something broke at home, | would fix it, but there was no production.
Honestly, when someone said 3d printers, | used to say how nice it was, but
unnecessarily. After getting introduced to this culture, | even produced a
cover for the laptop. Also, I printed a pencil case for myself. Participant 11,
Member, Mechanical Engineering

Makerspaces introduce participants to the working prototypes. Most of the
interviewees state that creating a working product makes them happy and encourages
them to be more productive. One of the interviewees from Case 2 describes his
happiness after giving a serviceable 3D-printed prosthetic hand to one of the patients.
She emphasized that it is possible to see things you created have an effect on

someone’s life compared to her previous experience.

In fact, being able to see what | am doing, making something tangible gives
very nice help. As I said, it feels very nice for our brother to be holding
something after using that hand thanks to something you have done, and to
see him living with hope. Participant 3, Member, Business Management

Members who are involved in a project that has social benefits are able to see the
impact of their products. While working in a business-oriented company, it is

difficult to see the impact.

4.6 Summary

This chapter has presented the analysis of gathered data from the interviews. The

findings of this analysis are divided into five sections.
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Firstly, the involvement process experienced in makerspaces is presented. While
discussing this process, both approaches of members and space-makers are
considered. While newcomers define themselves as people who have multifaceted
interests and are productive; space-makers support the involvement process by
giving courage. It is also stated that the involvement of members and having a role
in the community is a process showing differences. While some of the members are
involved with their high participation and dedication, some of them are recruited by

space-makers.

Secondly, organizational dimensions of collaboration in makerspaces are presented.
It starts with defining the team’s dynamics while mentioning role sharing, diversity
of disciplines, and non-disciplinarity in makerspaces. Analysis of the gathered data
shows that members of the space take roles in the teams with their inclination.
Although there is a diverse environment in terms of disciplines, the disciplinarity
does not exist. Also, the decision-making process in these environments is carried
without any disciplinary or hierarchical statute. It is seen that people share their
experiences and opinions to construct common ground. Besides, collaborative
learning practices in makerspaces are mentioned by introducing the ways of sharing
the knowledge: peer learning, workshops, open-source, and learning through
tangible products. It is emphasized that learning occurs with interactions in physical
space or online sources. Throughout the learning process, production facilities and

prototypes are used effectively.

Another section of this analysis points out the spatial dimensions of collaboration in
makerspaces. It is seen that spatial design, physical equipment available in the area,
and prototypes made in the makerspaces become means of collaboration. While
space provides members with a meeting area, they also encounter and interact with
other makers and their projects. Physical equipment and fabrication facilities become
hotspots where the interaction is seen mostly. They share their knowledge and

experiences via the equipment or prototypes they made.
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Another section of this analysis points out the social dimensions of collaboration in
makerspaces. It begins with the maker community and its effect on collaboration.
Analysis of the interviews shows that there is shared use of tools in the community.
Also, members respond to local issues and that becomes the common goal that unites
them. Through online communities such as Whatsapp groups, Youtube or Udemy,
they reach the source in this network. Within the community, there are people with
different capabilities and there is a social environment that brings together and
supports them.

Lastly, drivers of the collaboration in makerspaces are presented with a comparative
approach. Research cases are grouped into two considering the ways of using the
space: goal-driven and place-driven. Goal-driven makerspaces gather people who
want to contribute to the collective goal, in this context it is a social benefit. On the
other hand, place-driven makerspaces provide an environment for personal aims. It
is observed that goal-driven makerspaces prioritize the community. Members and
space-makers of the goal-driven makerspaces have the motivation to sustain the
community. As opposed to goal-driven makerspaces, place-driven makerspaces are
more organization-oriented with their structured hierarchy and defined
responsibilities in the space. In terms of using space, goal-driven makerspaces use
distributed areas to carry out their tasks. However, place-driven makerspaces have a
dedicated area where various fabrication tools exist. The use of space is more flexible
in goal-driven makerspaces since place-driven makerspaces have organization rules

in terms of time and safety.
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CHAPTER 5

CONCLUSION

In this chapter, the conclusions of this research are presented in detail. It begins with
an overview of the study. Then, the main conclusions deduced from the analysis
chapter are discussed in consideration of the existing literature. Lastly, the

limitations of the study and recommendations for further research are explained.

5.1  Overview of the Study

This study aims to reveal how collaborative activity takes place in makerspaces
within their organizational, spatial and social context. In line with this aim, the
experiences of members who are from different communities; university

makerspaces and public makerspaces for the social benefit, are investigated.

To provide a basis for the study, firstly, the related studies in the literature were
reviewed. The review focused on two bodies of literature: collaboration and the
Maker Movement. Through the collaboration literature, disciplinary frameworks
were discussed by introducing disciplinarity, multidisciplinary, interdisciplinary,
and transdisciplinary collaboration. After that, collaboration in business-oriented
working frameworks was examined in terms of organizational, spatial, and social
dimensions. Secondly, the emergence of the maker movement and its disciplinarity
were presented. Similarly, collaboration characteristics in these emergent work
ecosystems were discussed considering their organizational, spatial, and social

elements.

To fulfil the aim of the study, the research approach and the sampling strategy were

determined. Then data collection was described with the techniques used and process
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of conducting interviews. Finally, the data analysis was presented by introducing the

template analysis method and its iterative application process.

Followingly, the analysis of the study was presented under three main headings.
Firstly, the involvement process of both members and space-makers in the
community was described. Then, collaboration characteristics in makerspaces were
investigated considering their organizational, spatial, and social dimensions. Lastly,
drivers of collaboration were categorized as place-driven and goal-driven regarding
changing use of makerspaces in different contexts. These drivers were also compared
with the previous work experiences of the participants to clarify the differentiating

characteristics of makerspaces.

5.2 Main Conclusions

This thesis draws three main conclusions regarding research questions, based on the
analysis of the gathered data. The literature review has revealed that there is a limited
number of studies that investigate forms and characteristics of collaboration in
makerspaces comprehensively. Current literature discusses the organizational
structure through presenting hierarchical orders and involvement to the community.
However, the motivations and processes for getting involved in makerspaces and the
community around them have not been clarified. Some studies also focused on the
necessary equipment for and spatial design of the makerspaces without questioning
their effect on collaborative activity. Although there is a strong emphasis on the
importance of community, its effect on collaboration is not sufficiently explored.
This indicates the importance of understanding the experiences of both makerspace
members and facilitators within a collaboration context. Also, examining the
experiences of participants with a comparative approach will introduce the
distinctive characteristics of collaboration. As such, the research questions for this

study are as follows:
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1. How and to what extent do the collaboration characteristics change in relation

to the particular elements of makerspaces?

2. What are the effects of organizational, spatial, and social elements of
makerspaces on collaborative activities through the thoughts and experiences

of makerspace members?

3. How and to what extent does the collaboration among participants differ in

changing makerspace contexts?

In order to answer these questions, interviews were conducted with 12 people from
different maker communities. Based on the analysis of these interviews, this thesis

draws three main conclusions:

1. Although makerspaces gather people from various disciplines together, they
exist as knowledge professionals with their interest-driven knowledge
rather than disciplinary knowledge. Therefore, the disciplinary concept and
its borders are blurred in makerspaces with the prominent maker

personality.

2. Both eagerness to make and making-oriented space position the act of
making at the core. Makers learn through making and interact through the
tangible means that they made. This practice-oriented community harbors
knowledge within its physical and online environment while

disseminating maker culture.

3. Makerspaces take different forms in their varying fields of applications.
Within these different contexts, drivers of the collaboration change as place-
driven or goal-driven. While some communities gather around a common
goal that enables a sustained community with its flattened organization, some
communities have the place at the core which enables the personal

development of its members with a sustained organization.
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These prominent conclusions will be argued separately associated with discussions

in existing literature in detail.

521 Non-Disciplinarity in Makerspaces

Analysis of the gathered data revealed that collaboration among participants occurs
independently from the disciplinary identities. Analyzing their process of
involvement in the community, it is obvious that their interest and curiosity have
precedence over their professional identity. Individuals in these spaces tend to
become multi-faceted with the diversity in the space. The diverse disciplinary nature
of these places is seen as an opportunity to develop different perspectives. Within
this diversified environment, individuals exhibit their knowledge areas. While they
take a role in the team, it is more seen that their interest and motivations drive the
role sharing. Apart from some specific situations require expertise (i.e. opinions of
doctors and physiotherapists in Case 2 about the necessity of prosthesis arm), it can
be said that disciplinary concerns are not significant and their disciplinary identities
are blurred during the design process. While making a decision, previous experiences
and knowledge related to the topic drive the decision process rather than disciplinary
knowledge. Also, the analysis chapter presents that within this community, the
experiences of members are matched with each other to form teams regardless of

disciplinary identities.

The reviewed literature classifies disciplinary frameworks of collaboration that
explain the level of interaction. There are arguments on framing the disciplinarity in
makerspaces but these arguments are more focused on the diversity in disciplines not
the way they interact with each other. Analysis of the interviews supports the
definition of ‘discipline-neutral informal learning spaces’ (Mathuews & Harper,
2018, p.359) where “making erases disciplinary boundaries... or transcends them”

(Byrne & Davidson, 2015, p.10).
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While Gibbons et al. (1994) explained the production of knowledge, they categorized
it in two: Mode 1 and Mode 2. While Mode 1 is focused on disciplinary knowledge,
Mode 2 is more application-oriented. Considering the gathered data, makerspaces
have the environment that enables practicing. Van den Besselaar (2001) introduced
the term non-disciplinarity as being more application-oriented. Also, Maton (2002)
states that non-disciplinarity weakens academic hierarchies and boundaries among
disciplines. It blurs out the differences in teacher-trainee, between high-low culture,
and between academic-practical knowledge through freeing knowledge from

enclosed fields.

Within this discipline-neutral environment, role sharing occurs according to
members’ interests. The participants tend to explain their motivation independent
from their disciplinary background. Edelson and Joseph (2004) describe this as
interest-driven learning and it can be framed as content-based or context-based
motivation. While content-based motivation stands for personal interest in a specific
topic, object, and activity; context-based motivation comes from a reward motivation
or social sense of achievement. It can be concluded from the analysis that there are
personal and social benefit-oriented aims supporting this literature.

This conclusion is drawn while investigating particular elements of makerspaces as
probed in the research questions. It is seen that makerspaces bring various disciplines
and interest areas together that triggers the diversified environment. However, this
diverse environment is not directly related to specific disciplines; it is more related
to the practice-based nature of makerspaces. It is also inferred that makers work
together with their complementary knowledge and skills while investigating
organizational and social characteristics of makerspaces as probed in research

questions.
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522 Learning and Sharing Knowledge through Making

As seen in the analysis chapter, participants have a perspective that prioritizes the
making. They are familiar with the maker culture since they have previous hobbies
or community relations. They tend to make their own products and be close to the
places where the production is performed. That brings them to the makerspaces
where making tangible things is the core activity. These places have the agility of
making with the facilities provided. Also, there is an environment that encourages
making without any concern for failure. Members want to make iterations and
facilitators support this act. Within these making-oriented spaces, learning occurs
over tangible means. There are workshops held in the space that use fabrication tools
effectively. Workshops have the opportunity to experience materials, equipment, and
processes to digest knowledge in the space. Also, the use of space enables members
to encounter many different prototypes in the space. Therefore it is a living making
environment that encourages active learning. In these living environments, there is a
strong interaction among makers. They learn through observing or discussing
projects with each other. Through these shared experiences, knowledge disseminates

within the practice environment and community knowledge is produced.

In the given literature, Smith (2001) describes the ways of sharing and generating
knowledge as tacit and explicit knowledge. While explicit knowledge, know-what,
refers to academic knowledge that can be distributed with formal language; tacit
knowledge, know-how, is based on the practice of individuals and can be distributed
via perspective, experiences, and abilities. It can be deduced from the analysis, the
learning process in makerspaces contains relation with the experienced person rather
than an instructor. Participants learn from peers in the makerspace or during
workshops where tacit knowledge is transferred. Enabling this interaction is possible
with the shared space and equipment used. It is supported in the literature, Keune et
al. (2015) emphasize the effects of the accessibility, mobility, and flexibility of tools
in the academic makerspaces on collaborative learning. Also, Wardrip et al. (2015)

relate the practice-based perspective of makers with their learning process.
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Taylor et al. (2016) draw attention to the effect of equipment on initiating interaction
among participants. It is observed that both physical equipment and prototypes
gather attention and encourage sharing environments over them. Through these
means, there is an active production of knowledge and its circulation both within the
community and among communities. Supporting this evidence, Artut (2018) points
out how makers become active producers of community knowledge via produced

means.

It is concluded that learning and sharing activities show main differences with the
particular characteristics of makerspaces. Maker mindset and making-oriented
environment can be introduced as particular characteristics of makerspaces as probed
in the research question. The inclination to make and the experimental approach of
makers are inferences regarding this research question. It is also stated that learning
and sharing activities are enhanced with the making oriented creation environment.
While investigating the learning practices, it is also answered how maker
organizations manage the learning environment. Apart from the organizational
approach to learning and sharing the practice of making, there are also spatial and
social phenomena that are probed in the research questions. In this spatial and social
infrastructure, they interact with each other and the surrounding elements to generate

and disseminate knowledge through making activities.

523 Drivers of the Collaboration in Makerspaces

In the scope of this study, interviews are carried out with people from 4 different
makerspaces. The analysis revealed the effects of the differentiating features of these
spaces on collaborative action. While some of them have a structured organization
in a dedicated space, some use distributed spaces with a strong sense of community.
These varying characteristics of makerspaces can be grouped as place-driven and
goal-driven makerspaces. Within this categorization, it is possible to observe how
collaboration differentiates in different contexts. In place-driven makerspaces,

attendance to the community is more associated with space and its facilities used by
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individuals. They aim to carry out their individual or group tasks in the provided
environment. On the other hand, goal-driven spaces bring people together under the
roof of a common goal that prioritizes social benefit. Therefore, the motivations of
participants differ at this point. Also, there are organizational differences in the
hierarchical structure. While place-driven makerspaces have responsibilities to
maintain a shared environment with their facilities and personnel. These
responsibilities require a hierarchical structure and rules for the space. Opposed to
place-driven makerspaces, goal-driven makerspaces give priority to sustain the
community. Therefore, there is a flattened structure that gives importance to the

collective effort to carry out projects.

Collaborative environments are categorized according to their openness and
hierarchical structure (Salonen, 2012). Considering the provided frame in literature,
goal-driven makerspaces differ from place-driven makerspaces with their
hierarchical structure. As seen in the analysis, there is a decentralized decision-
making process in goal-driven spaces. It can be deduced that flattened organizational
structure enhances interaction among members. Also, Dougherty (2016) introduces
the pyramid of participation in the community which defines the levels of
participation. While this hierarchical structure is observed in place-driven
makerspaces as members, part-time employees, and makerspace facilitators; goal-
driven makerspaces follow a different process of involvement that is parallel to the
sense of belonging. McMillan and Chavis (1986) state the importance of the sense
of belonging on having a shared understanding, attending the discussion
environment, and having the motivation to contribute to the community members.
This also supports the results that goal-driven makerspaces give importance to

sustain the community with a collective perspective.

In the scope of this study, four different makerspaces that carry out activities in
different fields were investigated and their differences were probed. While making
the classification of place-driven and goal-driven makerspaces, it can be seen that

there are motivational, organizational, spatial and social differences. Therefore this
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conclusion covers all the research questions and draws a general picture of

collaboration in makerspaces within differentiating elements.

In the light of these drawn conclusions, this study presents a comprehensive analysis
of how makerspaces should be managed from the perspective of design practice. It
provides guidance to the space-makers while forming a social and sustainable
making environment. Significantly, the organizational structure of makerspaces
determines the level of social links and sustainability of communities in terms of
their participants. Also, the nature of making-oriented spaces enables participants to
interact with each other over tangible means, experiences, and knowledge. Within
these considerations, the sustainability and scalability of makerspaces can be

enhanced with the efforts of space-makers.

This study also puts forward guidance for other coworking settings. Even though it
make inferences in the context of academic makerspaces, social enterprises, and non-
profit maker organizations, these conclusions can be adapted to other coworking
environments. It may serve as guidance for community managers about how making
activities can be integrated into coworking areas and how interactions and learning
environments can be enhanced with these elements. The making-oriented approach
of makers introduced in this study may enhance the growth of enterprises in
coworking spaces with agile and tangible outputs.

Lastly, there may be implications to design education and professional practice.
Designers as multifaced professionals should integrate their practice-based design
education given in the studios to a more collaborative frame. The scope of design
education in studio classes could be enhanced with the collaborative classes
introduced by lecturers with the introduced organizational, spatial and social
elements introduced in this study. Also, design professionals working in coworking
areas could enhance design processes with their practice-oriented perspective in their

creative working settings.
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This study was conducted during Covid-19 Pandemic which has affected the ways
of how people work with each other. Its impact on coworking areas is significant
since these spaces introduce a collaborative working setting. However, makerspaces
made an effort to maintain their activities as deducted from the interviews.
Supporting the idea of this conclusion, makers became organized to solve this
complex issue with their making-oriented perspective. Although they do not have a
chance to come together to make, they made individual contributions to a collective
movement of face shields with printing activities. With the community-driven
approach, they shared both facilities and knowledge to generate solutions. It is also
seen that makers are not strictly dependent on a dedicated space to carry out making
activities. Their mindset and community approach enable making in distributed areas

with the networked members.

5.3  Limitations of the Study

The data collection phase of the study was carried out during the Covid-19 pandemic.
It was difficult to reach more participants due to pandemic restrictions. The
researcher could not find a chance to visit makerspaces to meet people and
participants were not using the space either. Therefore, the researcher contacted
people via online platforms and that made it difficult to enlarge the sample size.

Although it was a limitation, gathered data was rich to make the analysis.

On the other hand, carrying out a research study within a university makerspace
required time for permission. Primary meetings were done to discuss the scope and
confidentiality to get permission from university management. Also, reaching the
members of the makerspace was only possible through the help of the makerspace
manager due to ethical considerations about sharing contact information. Therefore,
the researcher waited for makerspace members’ responses to the call for
participation, and it was a long process to contact the volunteer participants. For
other case groups, community managers were helpful while suggesting possible

volunteers to study and they shared their network to scale up the research.
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54 Recommendations for Further Research

In the scope of this study, makerspaces in different locations and their structures are
analyzed to form a general idea related to collaborative action in makerspaces. As
given in section 5.2, there are points that makerspaces differentiate from each other,
so their collaborative environment show differences too. Therefore, for future
studies, collaborative action can be investigated with a comparative approach over

cases from several makerspace contexts.

Another point drawn from this study is the learning environment in the makerspace.
Collaborative learning with the programs that are designed using design tools and
mindset lead to further studies to handle this topic from an education service design
perspective. It is seen that facilitators of the space were working on preparing
workshops, and it would be interesting to make an extensive study on their design
processes. Such a study might answer the question of how and to what extent the
design of educational programs that centralize making enhance collaborative

learning.
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APPENDICES

A. CONSENT FORM (IN TURKISH)

Arastirmaya Goniillii Katihm Formu

Bu arastirma, ODTU Endiistri Uriinleri Tasarimi Boliimii Yiiksek Lisans 6grencisi
Ozcan Keklik tarafindan Dog. Dr. Pmar Kaygan danismanligindaki yiiksek lisans
tezi kapsaminda yiiriitilmektedir. Bu form sizi arastirma kosullar1 hakkinda

bilgilendirmek i¢in hazirlanmistir.
Calhismanin Amaci Nedir?

Aragtirmanin amaci, yaratim atdlyelerindeki disiplinler arasi ortak c¢aligma

faaliyetlerine organizasyone, mekansal ve sosyal agidan incelemektir.
Bize Nasil Yardimc1 Olmamz Isteyecegiz?

Arastirmaya katilmay1 kabul ederseniz, sizinle yaklasik bir saat siirecek olan bire bir
miilakat yapilacaktir. Miilakat boyunca size acik u¢lu sorular yoneltilecektir. Yapilan
goriismede toplanan verilerin degerlendirilebilmesi i¢in cevaplarimizin ses kaydi

almacaktir.
Sizden Topladigimiz Bilgileri Nasil Kullanacagiz?

Arastirmaya katiliminiz tamamen goniilliilikk temelinde olmalidir. Calismada sizden
kimlik veya kurum belirleyici hicbir bilgi istenmemektedir. Cevaplariniz tamamiyla
gizli tutulacak ve sadece arastirmacilar tarafindan degerlendirilecektir.
Katilimcilardan elde edilecek bilgiler toplu halde degerlendirilecek ve bilimsel

yayimlarda kullanilacaktir.
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CONSENT FORM (continued)

Katilbminizla ilgili bilmeniz gerekenler:

Miilakat, genel olarak kisisel rahatsizlik verecek sorular veya uygulamalar
icermemektedir. Ancak, katilim sirasinda sorulardan ya da herhangi baska bir
nedenden Gtiirli kendinizi rahatsiz hissederseniz miilakat1 yarida birakip ¢ikmakta
serbestsiniz. Boyle bir durumda miilakati uygulayan kisiye calismadan g¢ikmak

istediginizi sdylemek yeterli olacaktir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz, miilakat sonunda, bu ¢alismayla
ilgili sorulariniz cevaplanacaktir. Bu ¢alismaya katildiginiz i¢in simdiden tesekkiir
ederiz. Calisma hakkinda daha fazla bilgi almak i¢in Endiistri Uriinleri Tasarimi
Bolimii  0gretim  iiyelerinden Dog¢. Dr. Pmar Kaygan (E-posta:
pkaygan@metu.edu.tr) ya da yiiksek lisans &grencisi Ozcan Keklik (E-posta:
ozcan.keklik@metu.edu.tr) ile iletisim kurabilirsiniz.

Yukaridaki bilgileri okudum ve bu ¢alismaya tamamen goniillii olarak katiliyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Isim Soyad Tarih Imza

144



B.

INTERVIEW GUIDE (IN TURKISH)

=

Kisinin genel bilgileri ve yaratim atolyesine katilim siireci

vV V.V V V VY

Kendini biraz tanitabilir misin?

Makerspace X’i anlatir misin? Nasil kuruldu? Ne yapar kisaca?
Nereden duydun, katilma hikayen nedir?

Katilma motivasyonun nedir?

Kimler kullanabilir buray1?

Senin buradaki gérevin/roliin ne?

Proje siiresince ortak calisma deneyimi

YV V V VY A\

A\

Makerspace X’de nasil projeler yapiyorsunuz? Biraz bahsedebilir
misiniz?

Bu projelerde genel asamalar nelerdir? Siire¢ nasil ilerler?

Bir proje basladiktan sonra is boliimiinii nasil yapiyorsunuz?

Hangi mesleklerden insanlar var?

Projeler 6zelinde kendinizi nasil gelistiriyorsunuz? Nasil bir ¢alisma
yapryorsunuz? Buradaki 6grenme pratiginden bahseder misiniz?
Projelerde birlikte nasil ¢alisirsiniz? Bu siirecte nasil koordine olunuyor?
Ortak caligmalarda, toplantilarda, workshoplarda kullandiginiz araglardan
ve bu araglar1 segmenizin nedenlerinden bahseder misiniz?

Ekip igerisinde karar verme siiregleri nasil oluyor?
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INTERVIEW GUIDE (continued)

Bulundugunuz mekanin ortak ¢calismaya etkisi

A\

Caligma mekanindan biraz bahseder misiniz? Mekana girdiginiz andan
itibaren oray1 kullaniminizi anlatabilir misiniz?

Nasil buluyorsunuz? Eksiklikleri ya da sevdiginiz taraflar1 nelerdir?
Mekanin popiiler noktalari nelerdir? Bir araya gelinen, sohbet edilen?
Mekan ve mekandaki ekipmanlarin beraber ¢alismaniza olan katkilart
nelerdir? Mesela proje fikir gelistirmesinde nerede ¢alisorsunuz? Ne

kullantyorsunuz?

Sosyal iliskiler ve komiinite anlayisi

Buraya dahil olma siirecinden bahsedebilir misin? Yeni gelenler nasil
adapte oluyor?

Komiinitenin siirdiiriilebilirligi hakkinda ne diistiniiyorsunuz? Nasil bir
kiltlir aktarimi var? Yeni katilan biri lizerinden anlatabilir misiniz?
Makerspace X de insanlar1 bir arada tutan nasil faktorler var?

Makerspace iiyeleri arasinda bir sosyal bag gézlemliyor musunuz?

Onceki is/staj deneyimleri ile yaratim atolyeleri karsilastiriimasi

Bundan 6nce farkli disiplinlerle beraber calistigin baska proje oldu mu?

Buradaki ortak ¢alisma ortami nasildi?

Makerspace X de i¢inde bulundugunuz ortak ¢alisma deneyiminiz diger
deneyimlerinize gore nasil farklilasiyor?

Maker toplulugunda bulunmak, bu kiiltiire dahil olmak sizin hayatinizda

nasil etkiler olusturdu?
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C. CODING THE TRANSCRIPTS

Figure C.1 An Example of Coding
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D. TEMPLATE ANALYSIS

Initial Template

1.

Attendance to the community
1.1. Social environment guidance
1.2. Productive character

1.3. Social benefit

Organizational structure

2.1. Flat organization

2.2. Involvement into the makerspace
2.3. Organizational sustainability
2.4. Culture transformation

Team dynamics

3.1. Distribution of tasks independent from disciplines
3.2. Diversity in disciplines

3.3. Transdisciplinary concept

3.4. Necessity of professional knowledge

Learning Practices
4.1. Peer learning
4.2. Open Sources
4.3. Workshops

Collaborative working through design process

5.1. Coordination among team members
5.1.1. Space as a meeting place which enhance coordination
5.1.2. Online communication tools

5.2. Production facilities run the design methods

5.3. Collaborative decision making

Makerspace as a collaboration provider

6.1. Physical space enhance collaboration

6.2. Physical equipment enable collaboration

Maker Community

7.1. Social ties among makers

7.2. Community insight

Comparison of prior experience versus makerspace experience

Effect of maker culture into work life
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TEMPLATE ANALYSIS (continued)

Secondary Template

1.

Involving a Collaborative Community : Makerspaces
1.1. Productive characters

1.1.1. Multifaceted interest areas

1.1.2. Passion to have tangible products
1.2. Encouraging production lab

Collaboration characteristics in makerspaces
2.1. Team dynamics in makerspaces
2.1.1. Leaning oriented Role Sharing
2.1.2. Diversity in Disciplines
2.1.3. Transdisciplinary Concept
2.2. Collaborative Learning Practices
2.2.1. Peer Learning
2.2.2. Workshops
2.2.3. Open Source
2.2.4. Learning through tangible products
2.3. Collaborative Design Process in makerspace
2.3.1. Space as a collaboration enabler
2.3.2. Physical Equipment as a Collaboration Enabler
2.3.3. Prototypes as a collaboration mean
2.3.4. Tangible end product as an interaction enabler
2.3.5. Collaborative Decision Making
2.4. Maker community
2.4.1. Tools for Community Use
2.4.2. Collaboration for Local Problems
2.4.3. Online coordination

Comparison of collaboration characteristics between makerspaces and previous
experiences

3.1. Disciplinary borders are blurred

3.2. Collaborative learning environment is enhanced

3.3. Multidisciplinarity enabler

3.4. Encourage
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TEMPLATE ANALYSIS (continued)

Final Template

1.

Involving a Collaborative Community: Makerspaces
1.1. Productive characters

1.1.1. Multifaceted interest areas

1.1.2. Productive environment seeking

1.2. Inviting members by encouraging them to use area

1.3. Chain of involvement

Organizational Dimensions of Collaboration in Makerspaces

2.1. Team dynamics in makerspaces
2.1.1. Leaning oriented Role Sharing
2.1.2. Diversity in Disciplines
2.1.3. Non-Disciplinary Concept
2.2. Collaborative Decision Making
2.3. Collaborative Learning Practices
2.3.1. Peer Learning
2.3.2. Workshops
2.3.3. Open Source
2.3.4. Learning through tangible products

Spatial Dimensions of Collaboration in Makerspaces
3.1. Space as a collaboration enabler

3.2. Physical Equipment as a Collaboration Enabler
3.3. Prototypes as a collaboration mean

Social Dimensions of Collaboration in Makerspaces
4.1. Maker community
4.1.1. Tools for Community Use
4.1.2. Collaboration for Local Problems
4.1.3. Online coordination
4.2. Matching Makers to Collaborate
4.3. Social Support to Make

Drivers of the Makerspaces
5.1. Goal-driven Makerspaces
5.2. Place-driven Makerspaces

5.3. Comparison of collaboration characteristics between makerspaces and

previous experiences
5.3.1. Blurred disciplinary borders

5.3.2. Enhanced Collaborative Learning Environment

5.3.3. Encouraged Productivity
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